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Waves Review 
What is a wave?
· Drop a rock in water and you will make a wave.  The waves move away from where you dropped the rock, but when the waves pass, the water is moving up and down.  

· The direction that the wave is traveling in is its linear motion.
· From the linear motion, we calculate the wave speed.
· The motion of the water molecules, however, is up and down.  We call this harmonic motion.
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· A wave is a disturbance that carries energy through matter or space.

· Most waves travel through a medium.
· Waves in a pond travel through water.

· Waves from a stereo travel through air.
· Earthquakes produce (seismic) waves that travel through the earth.
· Medium- the matter though which a wave travels (air, water, ground, etc.).

· Waves that require a medium are called mechanical waves.

· Electromagnetic waves do NOT require a medium.

· Electromagnetic waves consist of changing electric and magnetic fields in space

· Electromagnetic waves include visible light, radio waves, micro waves, X rays, beta rays and gamma rays.

Vibrations and Waves

· Most waves are caused by a vibrating object. For example, your vocal cords in your throat vibrate and as air passes over them it creates a sound wave.
· Vibrations involve transformations of energy.
Transverse and Longitudinal Waves
Waves are classified (often) by the direction that they cause the particles to vibrate.

· Transverse waves have a perpendicular motion.

· This is an example of “the wave” that people do in stadiums.  Light waves and water waves move this way. 
· The particles move up and down as the wave moves left to right.   This is a perpendicular motion.

[image: image20.png]WAVE DIAGRAM Name

On the following diagram, place the following terms in thelr correct places: amplitude,
wavelength, crest, trough, rest position.

On the line below, draw a wave with two crests and one trough having an
amplitude of 4 cm and a wavelength of 10 cm.
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Longitudinal waves have parallel motion

· Imagine a spring stretched out.  If you grab on end and move it in a pulse you can see a wave travel across the spring.

· [image: image24.png]Name:

Each diagram represents two waves interacting. Decide whether the waves will
interfere constructively or destructively then explain you think so below the line. Use a
colored pencil to draw the wave form that will result from the two waves interfering.

?
Why? Why?

Why? Why?



The wave is still going from left to right and so are the particles.  This is called parallel motion.  

· Sound waves move this way.

Energy and Waves
· Waves transfer energy-  

· We know that waves carry energy because they do work (you have to have energy to do work).

· Energy can be defined as the ability to do work.  For now, we will consider doing work to be making something that was not moving start to move.

· They can do work (make the start moving) on a boat, leaf or bench.  Sound waves can do work on your ear.  They make your ear drum vibrate.

· Light waves carry energy but we usually notice it in the form of heat.  Plants use the energy in light to form sugar using a process called photosynthesis.  That stored energy keeps everything on earth alive.  Light can also make things move.  Ask your teacher to show you a radiometer.

· The particles of the medium do not travel very far when the wave passes.  They make movements either perpendicular to the direction of the wave motion in a transverse wave or actually in the direction of the wave motion in a longitudinal wave but the movement is limited compared to the wave’s actual motion.

· The wave is actually the energy traveling in the wave.

· Transverse waves have particles moving perpendicularly to the motion of the energy and longitudinal waves have particles that move either in the direction of the wave or back the other way (parallel or antiparallel to the wave motion).
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If a wave’s frequency is 25 Hz, what is its period?

A string has a fundamental of 15 Hz, find the frequency of har-
menic 3 (Hy).

If a wave’s period is 0.1 sec, find its frequency.

If a wave has a frequency of 50 Hz and a wavelength of 2 meters.

1f 20 Hz is the fundamental, find He. Find its speed.

A wave’s velocity is 20 m/sec with a wavelength of 40 m. What is

If 35 Hz is Hy, what is the fundamental frequency? it's frequency?

One cycle: Ato ;Cto sFto .
Half cycle: H to ;Jto ;Bto .
- —_— —
E Two cycles: B to ;Dto ;Eto .
e — — -
k]
2 Total cycles:
£
Wavelength:
0 1 2 3 4 5 Amplitude:
Distance (m)
| e ———— |
The following table shows the frequencies of the first N L
5 harmonics of different strings. Fill in the blank spaces. Find its period:

‘What harmonic is this?

Mark the nodes and anti-nodes.

Find the fundamental frequency:

A fellow student shows you the frequencies of four harmonics of a
string. Which one would you question and why? 3rd harmonic frequency:
Frequencies: 12 Hz; 24 Hz; 29 Hz; 48 Hz

40 Hz





· The bigger the wave, the more energy it carries.

· In a transverse wave, bigger means the particles move up and down farther.  In a longitudinal wave, bigger means the particles move closer to each other and farther apart.

· We call its height of a transverse wave its amplitude.

· The higher the amplitude, the more energy the wave carries.  Think about shaking a rope.  To make it wave higher, you have to shake it harder (use more energy). [image: image1.png]High-Energy Wave
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· Tsunami- a huge wave that can get up to 30 m high.  These carry enough energy to destroy towns and shorelines.

· Energy spreads out as a wave travels

· Think about waves created when a stone falls into a pond.  The waves spread out in circles that get bigger as the waves move farther from the center.  

· Each of these circles, called a wave front, has the same amount of total energy. 

· The energy is spread over a larger area as the wave front expands, so we do not notice as much effect but the total energy is still the same.  

Wave Properties
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Transverse waves shaped as sine curve  

· Amplitude measures the amount of particle vibration.

· Crest is the highest point on a wave trough is the lowest.

· Amplitude is the distance a particle moves from its original resting point – middle to crest or middle to trough.

· In longitudinal waves, compressions (crowed areas) and rarefactions (stretched out areas) are used to illustrate the properties.  The “squeezed together” the particles are in the compression is the amplitude of the wave. 

· Wavelength measures the distance between two equivalent parts of a wave

· Crest to crest or trough to trough on a transverse wave

· [image: image27.png]


Compression to compression or rarefaction to rarefaction in longitudinal waves.
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· This is the distance between any two successive identical parts of a wave.

· The symbol for wavelength is lambda (λ)

· The SI unit (metric unit) is the meter (m)
[image: image2.png]



· The period measures how long it takes for waves to pass by

· The amount of time it takes for one wave to pass and the next to come by

· Use the symbol T because it is a measurement of time. 
· SI unit (metric unit) is the second (s)

Wave Speed

· The wave speed is how fast the disturbance moves.

· We calculate wave speed as frequency times wavelength.

· Wave speed = frequency times wavelength

· V = f x λ

· The speed of a wave depends on the medium it is traveling through.  We are now talking about mechanical waves, waves requiring a medium to travel through.
· In gases, the mechanical waves travel the slowest.  

· In liquids, the mechanical waves travel faster than gases but slower than solids

· In solids, the mechanical waves travel the fastest.

· In a given medium, though, the speed of waves is constant
· Generally, the denser the medium, the faster a mechanical wave can travel through it.
· However, increasing the temperature of a medium usually increases the speed at which the wave travels through it.
· Electromagnetic (including light) waves are transverse.

· Electromagnetic waves have a finite speed.

· All electromagnetic waves in empty space travel at the same speed.

· The speed of light is 3 x 108 m/s (186 000 mi/s).

· The speed of light in a vacuum like empty space is constant is often represented by the symbol c

· Light slows down when passing in a medium like water or air.

· Sound waves are longitudinal.  
· The particles of the medium through which sound is traveling move back and forth in the direction the sound is traveling.
· Sound travels at about 330 m/s in dry air. 
· Sound travels 1400 – 1500 m/s in water depending on the temperature of the water.
The Doppler Effect

· Pitch is determined by the frequency of sound waves as it strikes your eardrum.

· High pitch sound has high frequency.
· Low pitch sound has lower frequency,

· The distance between two successive wave fronts shows the wavelength of the sound waves.

· When the sound waves reach your ears, they have a frequency equal to the number of wave fronts that strike your eardrum each second.  That frequency determines the pitch of the sound that you hear.

Frequency changes when the source of waves (or the hearer of the waves) is moving

· As a sound moves toward you, the sound waves are compressed in the direction of the motion.  This shortens the distance between successive wave fronts and reaches your ear at a faster rate having a higher frequency.

· You hear higher sound then you would if the object were at rest.

· If the sound was moving away from you, the frequency of the waves would be less and you would hear a lower pitch.
· This change in the observed frequency of a wave resulting form the motion of the source or observer is called the Doppler Effect.

· The Doppler Effect occurs for light and other types of waves as well.
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Wave Characteristics
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Label the following wave parts.  Some parts are listed more than once.
A ______________________

E ____________________

B ______________________

F ____________________


C ______________________

G ____________________


D ______________________

1.  If the wave took 1 second to pass from point H to point J, what is the frequency of the wave?

2.  How is the motion of the particles of the medium in which a longitudinal wave is traveling related to wave’s motion? _____________________________________

How is the motion of the particles of the medium in which a transverse wave is traveling related to the wave’s motion? ___________________________________
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[image: image3.png]5. The speed of sound in air is about 340 m/s. What is the wavelength of
a sound wave with a frequency of 220 Hz (on a piano, the A below the
middle C)

Formula and Work Answer

6. A water wave has a speed of 1.3m/s. A person sitting on a pier
observes that it takes 1.2s for a full wavelength to pass the edge of the
pier. What is the wavelength of the water wave?

Formula and Work Answer

7. A dolphin can typically hear sounds with frequencies up to 150 Hz.
What is the speed of sound in water if a wave with this frequency has
a wavelength of 1.0m?

Formula and Work Answer

8. Suppose that you tie one end of a rope 10 a doorknob and shake the
other end with a frequency of 2 Hz. The waves you create have a
wavelength of 3m. What is the speed of the waves along the rope?

Formula and Work Answer
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Velocity = Wavelength x Frequency

Solve the following problems.

1. Atuning fork has a frequency of 280 hertz, and the wavelength of the sound
produced is 1.5 meters. Calculate the velocity of the wave.

2. A wave is moving toward shore with a veloclty of 5,0 m/s. If its frequency Is 2.5 heriz,
what s its wovelength?

3. The speed of light is 3.0 x 10° m/s. Red light has a wavelength of 7 x 107 m. What is
its frequency?

4. The frequency of violet light Is 7.5 x 10" hertz, What Is Its wavelength?

5. A jump rope is shaken producing a wave with ¢ wavelength of 0.5 m with the crest
of the wave passing a certain point 4 times per second. What is the velocity of the
wave?




Wave Interactions Notes

Reflection, Diffractions, and Refraction

· Reflection is the bouncing back of a wave when it meets a surface or boundary

· Waves reflect at a free boundary

· In a free boundary the end of the medium has the ability to move up and down
· The reflected wave is exactly like the original wave

At a fixed boundary, waves reflect and turn upside down

· The end of the medium is stationary

· Because of Newton’s’ third law the boundary exerts and equal and opposite force on the medium

· This causes the reflected wave to be like the original but turned upside down and travel in the opposite direction
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Diffraction is the bending of waves around an edge

· When waves pass the edge of an object they spread out as if a new wave were created there.

· Both longitudinal and transverse waves behave this way
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Waves can also bend by refraction

· All waves are refracted when they pass from one medium to another at an angle.

· Ex. Pencil in a glass of water.  The top half is seen at a different angle then the bottom half

Interference

· Waves can be in the same place at the same time.

· Interference is when the waves combine to make a new and different wave.

· After the waves pass through each other they will return to their original shape.

In constructive interference, amplitudes are added

· When two waves overlap crest to crest or trough to trough a larger wave is produced.

· The waves overlap each other and increase.  This reinforces the amplitude
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To find the amplitude of the new wave, add the amplitude of the two original waves together.
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In destructive interference, amplitudes are subtracted.
· When two waves overlap crest to trough, a smaller wave is produced.

· The waves interfere with each other

· To find the amplitude of the new wave, subtract the amplitudes from each other.

· [image: image39.png]Name:
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Amplitude = Loudness

‘We hear pressure {the
amplitude) of sound as
loudness. 1t takes
more energy to create a
louder sound. Too
loud of a sound can
cause deafness.

Speed of sound (v,)

The speed of sound changes.
Hotter (faster) molecules
conduct sound faster. Also,
just as heat travels faster in
solids, so does sound.

Material

Loudness is measured in decibels (dB) A +10 dB chenge we

hear as twice as loud,
A quiet whisper, 3 feet away A 30 dB sound is twice as
A house in the country loud as a 20 dB sound.
Ordinary conversation, 3 feet away
Oty tsflc hear a8 nalf v one
A jackhammer, 10 feet away .
The threshold of physical pain from loudness '}mg&dlf.s m‘;ﬁf

The speed of sound in air is about 340 m/sec (660 mph).

You can use v, = fA. to find frequency or wavelength.
AND use § = D/T to find distance or time (using v, for S).

Ex. Find the wavelength of a 200 Hz sound.

Motion faster than sound is called
vs= 340 m/s v=f\ so A=vif supusnuke.d Supeﬁon]ic planes give
- - . their speed in multiples of Mack

iﬁ,oo Hz > (34‘;“'/ 200 Hz) (1 the speed of sound).

Mach 1 =340 m/s (660mph)
Mach 2 = 680 m/s (1320 mph)

Ex. If you hear a sound 3 seconds afier you

see the motion. How far away is it?
A somic boom is caused by an object

Vs = 340 m/s v,=D/Tso D=v,T breaking through the sound barrier.
T=3sec D= (340 s X (3 sec) Supersanic planes, bullets, and
D=2 D <1020 ) bullwhips all make sonic booms.
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1. Sound A. Faster than the speed of sound. 1. Pitch A. Where there is no sound because of its
acuum.
. B. A wave caused by aliernating high and v
2. Sonic boom low pressure. 2. dB B. How we hear changes of frequency of
3. Supersonic | C. The organ that detects sound waves. 3. Space sound.
D. A pressure wave caused by an object go- C. 340nvsinir

4. Ultrasonic ’ ing faster than sound. 4. Loudness D. How we measure loudness.
5. Cochlea E. A sound higher than humans can hear. 5 v E. The amplitude or strength of a sound.

5 Displacement vs. Position Use the graph to answer these questions: A=

4
£ 3 1 cycle is from | mto ; 12 cycleis from O mto
= 2
s ! Amplitude (A) = Total cycles: ;
s
8
%_ '; It is a sound wave; find frequency:
a3

-

-5 Is this frequency audible to humans (can we hear it)?

© B = 4« N N W W B oA oo
n o o o n

Position (m)

A wave’s velocity is 90 m/sec with a frequency of 6 Hz. What is
it’s wavelength?

A sound wave has a wavelength of 20 m. Find its frequency.

1f a sound wave’s frequency is 100 Hz. What is its period?

‘What is the above wave’s wavelength?

A railroad crew is repairing a rail. You hear the hammer 0.5 sec-
onds afier it is swung. How far away is the crew?

You hear a plane 4 seconds afier you see it. Find the distance to
the plane.

‘Why is space silent?

If ] increase the energy J give a sound wave what changes:

1f a wave’s fourth harmonic has a frequency of 40 Hz, what is its
natural frequency and what is the frequency of He?

If a wave’s fundamental is 6 Hz, what harmonic has a frequency of
48 Hz?

If a sound is 40 dB Joud. Answer how many dB these would be:
1) A sound twice as loud:
2) A sound half as loud:

Compared to a 50 dB sound, you would hear a 60 dB as:

Find its period:
‘What harmonic is this?

Could a human hear this frequency?
Mark the nodes and anti-nodes.

How many wavelengths is it?
Find the fundamental frequency:

5th harmonic frequency:

80 Hz
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If destructive interference occurs between two waves with the same amplitude, the waves may completely cancel each other out.

Interference of light and sound
· The interference of light waves often produces colorful displays

· When looking at a soap bubble, some waves bounce off the front edge of the bubble and return to the eye and while others travel into out of the shell, bounce off the back of the soap film and return to the eye.  These waves travel farther than the direct waves.  The two waves interfere constructively at some frequencies, (colors) and destructively at other frequencies (colors).  The result is a swirling rainbow effect.
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· When the compressions of two sound waves arrive at the same time, constructive interference has occurred and the sound is louder.
· When the compression of one wave and the rarefracton of the other wave arrive at the same time destructive interference takes place and a softer sound is heard.

Standing Waves
· Interference can cause standing waves

· Standing waves are reflected waves that have the same amplitude, frequency, and speed as the original wave.
· Standing waves do not move through a medium.  Instead they cause the medium to vibrate in a loop or in a series of loops.

Standing waves have nodes and antinodes
· Nodes lie at the points where the crests of the original waves meet the troughs of the reflected waves, causing complete destructive interference

· Midway between the nodes lies the maximum point of vibrations

· Antinodes form where the crest of the original wave lines up with the crest of the reflected waves so that complete constructive interference occurs.
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Standing waves can have only certain wavelengths
· The simplest standing waves occur when the wavelength of the wave is twice the length of the medium 

· Standing waves can exist whenever a multiple of half-wavelengths will fit exactly in the length of the medium

· The frequency of a standing wave is called its natural frequency.
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1. Transverse A. A wave where the oscillation is perpen-
wave dicular to the direction of motion.

2. Longitudinal B. The bottom of a wave.
wave C. The top of a wave.
Crest

D. A wave where the oscillation is in the

4. Trough same direction (parallel} as the motion.

5. Wavelength E. The length of one wave cycle.

‘Wave Motion, Yes or No?

FM radio: Music: 0000000
Acargoing70mys: | Abulldozer:

Clock pendulum: Earthquakes:

QOcean waves: Cellphones:

A wave has a wavelength of 2 meters and a frequency of 1.5 Hz.
‘What is its speed?

A wave is 8 meters long and has a frequency of 3 Hz. Find speed.

Pendulum A is 20 cm long and has a 5 g mass on it. Pendulum B
is 30 cm long and has & 10 g mass on it. Which one has a faster
period?

Displacement vs. Position
5
4
£ 37
A wave has a period of 4 seconds. Find its frequency. - 2
£
H
0
E
G -2 —
- a-
A wave has a frequency of 2 Hz. Find its period. a 4
-5
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Position (m)
A wave has a speed of 50 m/sec. Ifits frequency is 100 Hz, Mark 1 cycle of the wave.
what is its wavelength? Starting at 1 m, where does the next cycle end:
How many wavelengths long is the graph?
‘Wavelength: Amplitude:
If £= 0.5 Hz, find speed:
Displacement vs, Position Position vs. Time
5 5 1 i
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Mark 1 cycle of the wave.

Starting at 0.75 m, where does the 2nd cycle end:
Number of complete cycles:

Wavelength: Amplitude:

1f f= 4 Hz, find speed:

Mark 1 cycle of the harmonic motion.
Starting at 1.5 secs, when does half a cycle end:

Number of complete cycles:
Period: Frequency:
Amplitude:
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Wave Interference in Real Systems

Interference

Sailors have long told about isolated freak waves that rise out of nowhere and wreak havoc on ships.    In the photo below, first mate Philippe Lijour was on the ship Esso Languedoc off the coast of South Africa when a rogue wave approached.  The wave came from behind them and luckily did little damage, but its height was between 5-10 meters.
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The cause of these waves is not fully understood by is thought to result from wave interference.  The prevailing theory holds that freak waves can result when strong, high storm waves slam headlong into a powerful current traveling in the opposite direction. The interaction can push together the storm swells, so that their frequencies superimpose, creating one tremendously powerful wave that can reach tremendous heights.

Rogue waves are an example of wave interference that occurs in water but wave interference can occur in any medium.  Wherever two wave patterns meet, the waves will interfere.

As you have read, constructive interference happens when waves overlap crest to crest or trough to trough.  The resulting wave’s amplitude is the sum of the two overlapping waves’ amplitude. Destructive interference happens when waves overlap crest to trough.  The resulting wave’s amplitude is the difference of the two overlapping waves’ amplitudes. If the two waves have equal amplitudes they actually cancel each other out.  This is used in noise reduction headphones.  When the headphone senses a sound wave coming from the surroundings, it emits an equal but opposite sound wave to cancel it out.
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Sound waves that are slightly out of phase with each other will alternately constructively and destructively interfere with each other.  Notice that the auditorium walls are not smooth or parallel to each other.  Architects design auditoriums to avoid “dead spots” – spots where certain frequencies of sound cancel each other out.

It is not too hard to hear how sound waves interfere.  If a pair of tuning forks of slightly different pitch is struck simultaneously, two compressions can reach your ear at the same time combining to form one sound.  Pretty soon the compression part of the wave from one tuning fork will reach your ear at the same time a rarefaction from the other wave reaches it.  The result is sound cancellation because they destructively interfere.  The alternating pattern of soft and loud is called a beat as shown in the diagram below..  
[image: image46.png]



Wave Interaction Questions
Answer the following question in complete sentences.

1. What are rogue waves?

2. Explain how constructive interference forms.

3. Where does wave interference occur?

4. What are some indicators of sound wave interference?

5. The bending of light around the edge of an obstacle is called:

6. What is a wave that does not appear to have a linear motion called?

7. Explain reflection.

8. What is the natural frequency of a sound wave?
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The Nature of Light
I.  Electromagnetic Spectrum

A.  Visible light is just one part of the electromagnetic spectrum.

B.  The whole spectrum is all the frequencies of waves that have an electrical part and a magnetic part perpendicular to each other.

C.  Our eyes detect visible light.  We only have sensors in our eyes to detect the range of frequencies we call visible.  The rest are there, we just do not sense them with our eyes.

D.  The range of visible light is 4.3 X 1014 Hz to 7.5 x 1014 Hz.

E.  Our eyes sense differences in frequency of the visible electromagnetic spectrum as different colors of light.

II.  Waves and Particles

A.  Light produces interference patterns.

1.  First modeled in 1801 by Thomas Young.

2.  Light modeled as transverse wave that does not require a medium.

a.   Called electromagnetic waves because they consist of changing electric and magnetic fields.
4.  Light can be modeled as a stream of particles.
a. Modeled as a packet that contains energy.

b. These packets are called photons.
c. Photons are considered particles. 

d. Do not have mass but more like bundles of energy.

e. Energy of photons is located in a particular place.

B.  The energy of light is proportional to the frequency.
1.  The speed of light depends on the medium.

a. The variable we use to represent the speed of light in a vacuum is c.

b.   c = 3 x 108 m/s

c. Nothing we know of travels faster than light.

d. When light travels through transparent mediums, it slows down slightly.

2.  The quantity that measures the amount of light illuminating a surface is called intensity.

a. It depends on the amount of light – the number of photons or waves – that pass a certain area of space.

b. The intensity of light decreases as the light spread out in spherical wave fronts.

III. The range of the electromagnetic spectrum

A.  The electromagnetic spectrum consists of light at all possible energies, frequencies, and wavelengths.

1.  Ultraviolet light

a. The invisible light that lies just beyond violet light.

b. Has higher energy and shorter wavelengths than visible light

c.  9% of energy for sun is UV light

d.  Can cause sunburn even on cloudy days.

2.  X rays

a.  Have higher energy and shorter wavelengths than UV waves.

b.  X rays are passed through the body to a photographic plate to produce an image.

C.  Used by doctors to examine internal structures.

d.  Can kill living cells or turn them into cancer cells.

3.  Gamma rays

a.  The highest energy electromagnetic wave.

b.  Can kill human tissue and cause death.

c.  Used to treat cancer by killing diseased cells.

4.  Infrared light

a.  Wavelength slight longer than red.

b.  Rays warm you up.

c.  Used in heat lamps, remote controls and remote sensors on weather satellites

5. Microwaves

a.  Longer than infrared waves

b.  Used in cooking

c.  Microwaves have a frequency of 2450 MHz

d.  As microwaves penetrate deeper into food they are absorbed along with their energy.  The rapidly changing electric field of the microwaves causes water and other molecules to vibrate.  The energy of these vibrations is delivered to other parts of the food as energy is transferred by heat.

e. Also used to carry telecommunications signals.

6.  Radio waves

a. Have a wavelength longer than microwaves.

b. Includes TV signals, AM and FM radio signals and other radio transmissions

c. Also used in magnetic resonance imaging (MRI)

Electromagnetic waves
Between Earth and the sun lies mostly empty space.  Once you pass out of Earth’s thin upper atmosphere, you enter a realm of emptiness that bubbles with particles of matter and antimatter that boil up and then re-combine to annihilate each other.  Yet in this emptiness, electromagnetic waves pour through.

Light waves make up just one small part of a long spectrum of electromagnetic waves that include everything from gamma rays to radio waves.  Every part of the spectrum is made up of the same kind of wave, the electromagnetic wave, but humans use the different wavelengths for different things, so we have named them accordingly.  The table below gives a short summary of the wavelength of the wave, what we call it and how it is used.
	Wavelength
	Name of Wave
	Application

	> 30 cm
	Radio waves
	AM and FM radio, TV broadcasting, radar, aircraft navigation

	30 cm- 1 mm
	Microwaves
	Atomic and molecular research, microwave ovens

	1 m  - 700 nm
	Infrared waves
	Infrared photography, physical therapy, keeping French fries warm at McDonalds (heat radiation)

	700 nm – 400 nm
	Light
	Visible light photography, optical microscopes, seeing our warm French fries (and everything else)

	400 nm – 60 nm
	Ultraviolet light
	Sterilizing medical instruments, identifying fluorescent minerals, tanning beds

	60 nm – 0.0001 nm
	X rays
	Medical examination of bones and teeth, cancer treatment

	0.0001 nm – 0.00001 nm
	Gamma rays
	Food irradiation, studies of cracks in thick materials


Radio waves include the longest wavelengths while gamma rays include the shortest.  Radio waves can be several meters long, while gamma rays are measured in billionths of a meter.  Our eyes have sensors to interpret the wavelengths of visible electromagnetic radiation (light) are from 400 nm to 600 nm.  They can even sense the different wavelengths and send a different signal to the brain through the optic nerve for each different wavelength.  Our brain then interprets the different signals as colors.  Bees have receptacles in their eyes to sense a higher range of frequencies of light than humans have.  Bees see more colors than we do.
Electromagnetic (EM) waves do not require a medium like mechanical waves do but they are caused by vibrations like mechanical waves.  The vibrations in EM waves are caused by fluctuations in electric and magnetic fields.  They are perpendicular to the direction the wave travels.  In other words, they behave like transverse waves.


Your remote controls for your TV or stereo system communicate through pulses electromagnetic radiation either in the infrared range or radio wave range.  Heat lamps also emit infrared radiation.  Ultraviolet radiation is responsible for sunburns and tans.  Microwave ovens and police radar also operate using electromagnetic radiation.  

The stars send out EM radiation in all wavelengths.  The sun’s radiation is responsible for heating, lighting and occasionally interfering with the communications on earth.  Astronauts must limit the time they spend in space because of the radiation they receive.  Luckily, here on earth, our atmosphere filters out most of the harmful rays.  


Scientists once could only observe the visible light given off by a star.  Telescopes on earth are limited by the filtering effect of our atmosphere.  The Hubble space telescope was the first telescope launched into space so that astronomers could observe the entire spectrum of EM radiation given off by stars.  Astronomers create pictures of the invisible frequencies of the spectrum given off by stars, radio waves for example, by shifting them into the visible light spectrum.  The pictures below were taken by the Chandra X-Ray telescope of the Galactio center which is somewhere close to the center of the Milky Way Galaxy.  They look much better in color.
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All electromagnetic radiation travels through space at approximately 3 x 108 m/s – what we commonly call the “speed of light”.  The waves slow down slightly when traveling through air or water.  In contrast, sound travels through air at 330 m/s.  This difference means you can often see lightening flash before you hear the sound of the thunder.

The constant speed of light through empty space is the basis for a unit of measure – the light year.  The light year is the distance that light (and all EM radiation) travels in 1 year.  Since the average distance between Earth ad the sun is roughly 150,000,000 km, EM radiation from the sun takes about 8 minutes to reach Earth.  The next closest star is Proxima Centauri which is 4.3 light years away.
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Interference

Constructive Interference—when two waves com-
bine to cause a larger wave of greater amplitude,
like pushing on a person on a swing when they are
moving away from you: you give them energy.

Two smaller waves (lesser
amplitude) that are in-
phase constructively in-
terfere to create one larger
wave of greater amplitude.

Two singers on the same
note cause a louder
sound—constructive
interference.

. Phase The process of harmonic motion losing

amplitude over time.
. In-phase . N
‘When two waves increase amplitade.

. Out-of-phs
ol-phase A single part of a cycle.

. Damping ‘When two waves decrease amplitude.

. Constructive

h ‘When two waves are at different parts of
interference

their cycles.

. Destructive

: ‘When two waves are at the same part of
interference

their cycles.

Draw what will happen to the wave as it goes through the hole.

Match the pendulums that are in-phase.
Z

‘Which one is 180° out-of-phase of E?

What do we call this?

L

With H?

-—

‘Which one is 90° out-of phase of F? with G?

When two waves interact, they interfere with each ather.

Destructive Interference—when twe waves combine to
cause a smaller wave of smaller amplitude. Pushing ona
person on a swing as they are going toward you (at the
wrong time) causes the amplitude to die out.

Two waves that are out-of-
phase destructively inter-
ere to create a smaller wave
of lesser amplitude. They
cancel each other out.

Modern headphones (and
cars) have noise-canceling
technology that transmits
out-of-phase waves toward
noise, canceling them out,

1. Absorption . When a wave bends at a corner.

The frequency that an object has when dis-
turbed.

A method of using sound instead of eyes.

2. Refraction
3. Diffraction

4. Reflection When a wave is dampened inside a soft

' boundary.

When a force reinforces the natural fre-
quency of an object.

5. Echolocation

6. Natural
Frequency

7. Resonance

A wave bouncing off of a hard boundary.
A wave bending inside transparent objects.

Absorption, Reflection, Refraction, or Diffraction?
1f a wave hits a hard wall, it bounces off by:
If a wave hits a soft boundary, it dies by:
A wave bends around a corner by:
A wave bends insideaboundaryby:
Carpet can keep a room quiet by:
Tile or marble makes for a loud room by:
Eyeglasses magnify objects by:
Dark lines between your almost closed fingers by:

Light comes back from a mirror by:

A string with a natural frequency of 15 Hz will likely show
resonance at which frequencies: (could be more than one)

A) 20 Hz; B)30Hz; C) 40 Hz; D) 50 Hz; E) 60 Hz

What other frequencies would show resonance?
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Draw the pathway of light beam as it passes through each of the following
substances. Using a protractor, measure the refracted angle.

N,

N

Which substance has the greatest
index of refraction?
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Electromagnetic Waves Reading Questions
Read the text.  Answer the following questions in Complete Sentences

1. What causes the vibrations in the electromagnetic field?

2. How does the television remote control communicate with the television?

3. How do modern astronomers use radio waves?

4. What does the Hubble space telescope do?

5. What is the relationship between wave frequency and wavelength for electromagnetic waves?

6. Explain how scientists use the EM spectrum to create pictures of wavelengths that are not in the visible light spectrum.

7. Why during a thunderstorm is there a difference in the time you see lightening flash and hear the thunder?

8. What is a light year?

Electromagnetic Spectrum Questions

1. What type of waves on the electromagnetic (EM) spectrum has the highest frequency?

2. What type of wave on the EM spectrum has the longest wavelength?

3. Which type of waves on the EM spectrum has the most energy?

4. What type of waves on the EM spectrum has the lowest frequency?

5. What type of waves on the EM spectrum has the shortest wavelength?

6. Which type of waves on the EM spectrum has the least energy?

7. What is the range of the frequency (from red to violet) in the visible light spectrum? (in Hz)

8. What is the range of wavelength for radio waves (in meters)?

9. What is the range of frequency for gamma rays?

10. What is the order of colors from longest wavelength to shortest?

11. What is the order of colors from highest frequency to lowest frequency?

Reflection, Refraction, and Polarization Notes
I.  Reflection of Light

    A.  A light ray is an imaginary line running in the direction that the light travels.  As it encounters a change in the medium that it is traveling in, some of it is reflected and some is transmitted into the new medium just like any wave.
    B. Rough surfaces reflect light rays in many direct ions


1. Reflections of light into random direction is called diffuse reflection

    C. Smooth surfaces reflect light rays in one direction

1. New direction of the light rays is related to the old direction in a definite way
2. The angle of the light rays reflecting off the surface – called the angle of reflection – is the same as the angle of the light rays striking the surface

3. The Law of Reflections state the angle of incidence (angle of the light ray approaching the surface) equals the angle of reflection (angle of the light ray as it bounces off the surface).
4. Both angles are measured from a line perpendicular to the surface at the point  where the light hits the surface
5. This perpendicular line is called the normal. 
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II.  Refraction of Light

Recall from our previous readings when waves change the medium that they are traveling in, they are both reflected and transmitted.  The reflected wave may invert or not depending on whether the new medium gets “denser” (stiffer) for the wave.  The transmitted wave is never inverted.  However, it can be bent as it passes into the new medium.  We refer to this bending of light as refraction.  

Refraction does some interesting things.  Since our brains take visible light and change it into vision through nerve impulses, biology gets mixed up with wave motion.  Our brains assume the light has traveled in a straight line from the object we are looking at and so we do not take into account the light may have been refracted.  When light changes medium, it bends but we cannot interpret that.
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When a ray of light passes from a less dense material (e.g. air) into a denser material (e.g. glass or water) it is bent away from the surface between the two materials. However, if the ray of light hits the surface at right angles (i.e. at 90°) to the surface, the ray is not bent. 
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When a ray of light passes from a denser material (e.g. water or glass) into a less dense material (e.g. air) it is bent towards the surface between the two materials. This means that in this situation the angle of refraction is always greater than the angle of incidence.
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However, our brains only interpret the light as having come to our eyes in a straight line.  So when we see something partially submerged in water it appears bent to us.  Refraction can occur within the same medium if it changes density.
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Refraction of underground earthquake waves has led to the hypotheses about the Earth’s interior.  Seismic waves refract abruptly as they travel through the earth.  This has led scientists to believe that the earth has a crust, mantle, an inner core and an outer core.

Have you ever had radio reception from a radio station very far away?  Refraction can explain this as well.  The cool air in the upper atmosphere appears to the radio waves as denser than the warmer air near the earth’s surface.  The radio waves refract continuously as they travel allowing radios to receive signals from hundreds of miles away.  Mirages are also caused by the continuous refraction of light off the hotter surface of the earth against the cooler air surrounding it.  Have you ever noticed the puddles that appear on the road that never get closer even though you are driving toward them?  They are actually images of the sky that refract off the hot surface of the road.
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III. Polarization of Light
Light waves are transverse waves.  Those emitted from the sun or a lamp are not oriented in any one direction, however.  Some may be vibrating up and down, others from side to side, and others every orientation in between.  For simplicity, we will consider only light vibrating in two directions.  
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This is called un-polarized light.  Polarized light, however, can be made from a filter that lets light vibrating in only one direction pass through.  A polarizing filter has very small slits oriented in only one direction so that only light vibrating in that direction can pass through.  
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Use the formulas for finding wave frequency and wave speed to solve the
problems below.

Frequency = number of waves that pass a point in a period of time

Frequency — 1/period Unit = Hertz (Hz)
1(waves) = period x frequency Unit = waves
Period (time) = 1/frequency Unit = seconds

Wave speed = frequency x wavelength Unit = m/s
Wavelength = wave speed / frequency Unit = meter
Frequency = wave speed / wavelength Unit = Hertz (Hz)

1second

‘What is the frequency of the wave above?

2. The average wavelength in a series of ocean waves is 15.0m. A wave

arrives on average of every 10.0s, so the frequency is 0.100Hz. What
is the average wave speed of the waves?

Formula and Work Answer

3. Green light has a wavelength of 5.20 x 107m. The speed of light is

3.00 x 10 ® mvs. Calculate the frequency of green light waves with
wavelength.

Formula and Work Answer
F=
V=
Ne=
4. Suppose that you notice that 10 waves pass a point in 5 seconds. What
is the frequency?
Formula and Work Answer
F=
1 (Waves) =

T ==




If you add a second polarizing filter on top of the first filter and rotate it 90 degrees, you will block all the light waves from passing through.  
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We often use a picket fence to demonstrate the relationship.  We orient one picket fence so the pickets are vertical.  That would allow a rope, for instance, to only vibrate up and down.  Any other vibration would be blocked by the pickets.
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Now, if we added another picket fence with pickets oriented horizontally, the rope could not vibrate at all.   
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That is in essence what two crossed polarizing filters do to the light waves.  All but waves oriented in one direction are blocked by the first filter.  Then the second filter, if its orientation is 900 to the first filter, blocks those as well.
Since most outside glare caused by reflection of shiny objects is polarized in the horizontal direction, polarizing sunglasses have a polarizing filter that is oriented vertically.  They help block out the glare.  However, some digital car radio displays are polarized horizontally as well so drivers wearing polarizing sunglasses can no longer see their radio displays.
Reflection, Refraction and Polarization Questions
1. Explain the Law of Reflection.  Include a drawing of the angle of incidence and the angle of reflection.  Also, label the line normal to the surface.

2. What causes reflection?

3. What causes refraction?

4. Explain why scientists think the core of the earth is solid.

5. Explain the appearance of mirages in the desert.

Explain why crossed polarization filters block out all the light.
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 Properties of Sound

Sound Production

· Sound waves are longitudinal waves.

· All sounds are caused by vibrations and carry energy through a medium.

· Sound waves spread out in all directions away from the source.
Sound Carriers

· All objects carry sound to different degrees.

· Sound insulators are poor conductors.

· Made from materials that trap air

· Conductors allow air to flow and objects to vibrate.
Speed of Sound

· Sounds travels at different rates in different mediums.

· Travels faster in solids than liquids

· Travels faster in liquids than gases

· Temperature effects speed.

· Higher the temperature the faster the sound travels

· Sound travels at 346 m/s in air at room temperature.
Loudness determined by intensity
· Depends on energy and distance of wave.

· The greater the amplitude and shorter the distance the louder the sound.

· Intensity describes its loudness at a particular distance from the source.

· Measures the amount of energy received per second.
Relative Intensity
· Compares intensity of sound with that of the quietest sound the ear can hear.

· Measured in units called decibels.

· 0 dB is quietest

· 120 dB is loudest ear can hear without pain

· Sounds above 90 dB can cause damage to hearing
Pitch
· Refers to how high or low a sound is.

· Changed by changing the length of the vibrating object.

· The pitch of the sound depends on the length of free end to vibrate.
Frequency and Pitch
· The frequency of the vibration is the same as the frequency of the sound wave produced.

· Longer the vibration, lower the frequency and the lower the pitch.

· The shorter the vibration, the higher the pitch and the higher the frequency.
Human Hearing Frequencies
· Humans hear frequencies from 20 Hz to 20 000 Hz.

· Sounds below 20 Hz are referred to as infrasound. 

· Sounds above 20 000 Hz are referred to as ultrasound.

· Many animals hear sounds outside the human range.

Harmonics gives unique sounds
· The primary standing wave on a vibrating string has a wavelength that is twice the length of the string.

· The frequency that the string vibrates at is called its fundamental frequency.

· All musical instruments use standing waves to produce sound.

· Vibrations at its fundamental frequency and at certain whole-number multiples of that frequency are called harmonics.
Resonance
· When the vibrations of one object cause another object to vibrate at its natural frequency.

· The sound is amplified because both objects are vibrating at the same frequency.

· The vibrations felt in response to a vibrating string are the forced vibrations.

· Objects vibrate at certain specific frequencies called natural frequencies.
Hearing and the Ear
· Vibrations pass through three regions in the ear.

· Outer ear

·  middle ear

·  inner ear

· Sound strikes the eardrum that vibrates.

· Vibrations pass from eardrum through middle ear bones ----

·  hammer 

· anvil 

· Stirrup

· When vibrations reach the stirrup, it strikes membrane opening of inner ear, sending waves through the spiral-shaped cochlea.

Resonance occurs in Inner Ear
· Cochlea contains the basilar membrane.

· Basilar membrane vibrates at different natural frequencies.

· Hair cells near vibrating part of membrane stimulate nerve fibers that send impulse to brain.

· Brain interprets the impulses as sound with a specific frequency.
Sonar
· A system used to determine the distance by measuring the time it takes for sound waves to be reflected back from a surface.

· Stands for SOund Navigation And Ranging.

Ultrasound
· Echoes of very high frequency.

· Used to produce computerized images called sonograms.

· Sound waves are reflected when they pass from one type of material to another.

· Amount of sound reflected depends on density of material.
Echolocation
· A form of ultrasound used by bats and other organisms to navigate in flight and locate food sources.

Resonance
Electric guitars look quite different from acoustic guitars.  Electric guitars are usually solid wood, and they are just bit enough to give the player something to hold onto.  Acoustic guitars are larger.  They are thick and hollow, with a circular hole cut into the top.  The waves from the electric guitars are electrically amplified – made louder or given more energy.  Strum one when it us unplugged, and all you hear is a soft ringing from the strings themselves.  Then strum an acoustic guitar with the same force.  You’ll hear a rich interplay of tones off the strings and the instrument – far louder than any sound from the un-powered electric guitar.

The acoustic guitar amplified without electricity using resonance.  When you pluck a guitar string, its vibrations send forced vibrations into the body of the guitar.  The guitar has its own natural frequencies at which it is more likely to vibrate.  When the frequency of the forced vibrations matches the natural frequencies of an object, resonance occurs.  Resonance in the acoustic guitar results in a natural amplification of sound.  Like most musical instruments, the guitar has certain frequencies at which it will vibrate best.

Another way to think of resonance is to envision a swing at the playground.  The natural frequency of the swing is plain to see as it moves back and forth.  If friends try to push you on the swing out of time with the natural frequency, they will slow you down or even stop your swinging.  But if they push you in time with the natural frequency, very little effort will produce an increase in your swinging motion.  

Any object that is somewhat elastic – able to deform under force and then snap back to shape when the force is removed – has a natural frequency.  If you plow across the mouth of a glass bottle, it will begin to resonate.  Try it.  The turbulence in your breath will produce hundreds of frequencies.  The tone the bottle makes is the vibration of its natural frequency.   Even chimneys and bridges will resonate if the wind blows across them at their natural frequency.

Engineers must design buildings and bridges with their natural frequencies in mind.  While makers of musical instruments seek to match natural frequencies with the range of vibrations they want the instrument to produce, engineers must avoid resonance at all costs.  Bridges or buildings that resonate at their natural frequencies from wind turbulence of traffic patterns (or any number of other sources of vibrations) could collapse.
Write a one paragraph summary on resonance.





Name That Sound
Sound can often be described by their loudness and their pitch. The pitch of a sound depends upon its frequency.  The loudness depends upon its amplitude.  Match the description of each sound given in the list below with the diagram of that sound by placing the letter on the diagram in the space provided next to the description.
* Loud and low-pitched     ___________

* loud and high-pitched        _____

*soft and high-pitched    ____________

*soft and low-pitched             ____
*medium-loud and high pitched ______

*medium loud and low pitched ____


Interpreting a Graph
All the sounds you hear have moved through the air or other medium as waves.  But sounds move at different speeds through different kinds of matter.  The speed of sound moving through different kinds of matter is shown in the figure below.  Table 1 compares the speed at which sound travels through air at different temperatures.  Study the figure below and Table 1 and answer the questions that follow.



	Temperature
	Speed of Sound (m/s)

	00C
	331

	150C
	340

	200C
	344

	1000C
	386


1. Look at Figure 1.  What two substances does sound travel through the fastest?  What phase of matter are the substances?

2. Through which substance does sound travel most slowly?

3. Through which liquid does sound travel fastest?

4.  Study Table 1.  Under what conditions is the speed of sound higher when it travels through air?

5. Generalize about the speed at which sound travels through gasses, liquids, and solids.

6. What substances listed in the figure are exceptions to your generalization?


7. Sound moves best through dense and elastic materials.  What can you infer about the density and elasticity of cork?
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Longitudinal Wave Motion





Transverse Wave Motion





Longitudinal Wave





Transverse Wave





Wide Slit Diffraction





Narrow Slit Diffraction





Refraction of water waves from deep to shallow water





Waves have different amplitudes





Waves have equal but opposite amplitudes








Reflection








Refraction








Diffraction





Destructive Interference





Standing Waves





Constructive Interference





Drawing:





Drawing:





Definition:





Definition:





Drawing:  Label nodes and antinodes.





Wave Interference





Definition:





Definition:





Definition:





Drawing:





Drawing:





Drawing:





Example in Nature:





Example in Nature:





Example in Nature:





Wave patterns caused by the refraction and diffraction of the waves taken off of an area near Kiberg on the coast of Finnmark, on 12 June 1976 by Fjellanger Widerøe.





a _________________________





b _________________________





c _________________________





d _________________________





e _________________________





f _________________________





g _________________________





Label the colors as they are refracted from white light striking a prism.  Remember that highest frequencies and the lowest wavelengths are refracted at the largest angle.





Figure 1


Speed of Sound through Various Materials





Table 1 Speed of Sound through Air
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