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THE PHYSICS OF WAVES
Waves come in a variety of forms.  Yet, all waves follow the laws of physics. Waves reflect, refract, and diffract.  Reflection is a wave bouncing off of an obstacle.  An echo is an example of a reflection.  Radar uses this principle to determine the size characteristics of, or distance to an object.  Doppler shift is an example of a reflection of a wave that is different than the original pulse.  The reflection is shifted, in frequency, from the original, due to the speed of the object from which it was reflected.   An increase in frequency shows an object that is moving toward you.  In effect, its speed adds to the speed of the reflection.  A decrease in frequency shows an object that is moving away from the observer as a slower speed reflection. 

Refraction describes how a wave changes its direction of travel as it moves from one medium to another.  Another way that waves refract is when they move in a medium, such as air, that varies  in density or temperature. 

Diffraction is the process of a wave bending as it travels past the edge of, or even around an obstacle.  The fact that you can hear a friend call you from another side of a building is an example of diffraction of sound waves.  Sound waves and waves that have longer wavelengths, or lower frequencies, diffract better than high frequency waves. 
Light waves do not diffract very much.  Yet, white light is composed of all of the colors of the rainbow.  The reason that we are able to see all of these colors is that they have different wavelengths.  Red waves bend more than orange waves. Orange bends more than yellow, and so on.  Violet has the shortest wavelength and as a result it bends the least.  When white light travels through a medium at an angle it gets separated into its component colors. 

As waves travel between media they may be absorbed or reflected by, or transmitted through the medium that they are entering.  Factors affecting the propagation of waves through media depend on both the medium of travel and the type of wave. 
  

WAVES

3 types of waves discussed - Transverse, Longitudinal, & Electromagnetic.

Transverse - waves that travel perpendicular to the direction of motion 
                      We often call this snake-like of serpentine motion. 
                      Examples of these include the first waves of energy sent out by
                      earthquakes.  (primary waves) 
Longitudinal - waves that travel parallel to the direction of motion, 
                        These waves travel as compressions and rarefactions in the medium that
                         they are traveling in.  A compression has a slightly higher than normal
                       density or pressure.   A rarefaction has a lower pressure than normal. 
                       Examples: sound waves and secondary waves of earthquakes. 
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Electromagnetic waves - waves of energy emitted from any object that is above absolute
                         zero in temperature. These waves are referred to in a variety of ways,                          such as, light, rays, radiation, photons or energy.  Their different forms 
                         include radio waves, microwaves, infrared, visible light, ultra-violet, x-
                         rays and gamma rays. 
  

PARTS OF A WAVE

Waves are identified in a variety of ways.  Wavelength (l) and frequency (f or n) are the most common methods of discerning between different waves.  The amount of energy that a particular wave contains is another often used method. 
Frequency is the number of times that a wave repeats itself over in the time span of one second.  This frequency is measured in units of “hertz”.  One hertz is one repetition per second.  Electromagnetic waves can vary in frequency from 1,000,000 (106) times a second to over 1020 times a second.  It is for this reason that the prefixes used in the “System International” are applied to describe frequencies. 
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Tetra (T)     1012   1,000,000,000,000 
Giga (G)      109    1,000,000,000 
Mega (M)    106    1,000,000 
Kilo (k)        103    1,000 

Wavelength describes the distance over which a wave begins to repeat itself.  It is measured in meters.  Again, there is a huge range over which electromagnetic wavelengths vary.  The longest of waves are radio waves, at a distance of up to 10,000 meters (6.2 miles).  The shortest of waves are Gamma waves.  Their wavelengths are as short as 10-10 meters.  That is 0.000,000,001 meters in length.  Again, System International prefixes are used to show these small numbers. 
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pico (p)      10-12    0.000 000 000 001 
nano (n)     10-9      0.000 000 001 
micro (m)   10-6      0.000 001 
milli (m)     10-3       0.001 
centi (c)     10-2       0.01 

Visible light is also measured in a unit called “Angstroms”. (Å) to describe 10-10 meters in length.  This unit is not commonly used any more. 
PROPERTIES OF WAVES

As a wave travels inside of a medium, such as air, water or a vacuum, it acts in certain ways.  The speed of a wave in a medium is the product of its wavelength in that medium divided by its frequency in that medium.  (V = l x f )  As the wave enters a different medium some of its energy is transmitted and some is reflected at the boundary of the two media.  It is the reflection of the waves that allow us to use such technologies as Doppler radar for weather and in telecommunications.  The part of the wave that is transmitted also changes a bit.  It’s path of travel shifts depending on whether it is entering a more dense of less dense medium.  This phenomenon is called refraction.    Transmitted waves may continue to travel through a medium or that medium may absorb them.  The result of absorption is that the absorbing particle in the medium gains energy equivalent to the energy that the wave had.  This gain in energy could cause the particle to move faster, vibrate quicker, rotate more or give up an electron.  The latter will only happen with the absorption of distinct energy levels.  A wave that is capable of releasing an electron from an atom or molecule is said to be and “ionizing” wave since the product of the absorption and electron ejection is a molecule or atom that is an ion. 
  

SPEED OF LIGHT

All electromagnetic waves inside a vacuum are traveling at the speed of light.  This quantity is a universal constant, 299,792,458 (3 x 108) meters per second or 186,000 miles per second.  The average distance from Earth to our Sun is 93,000,000 miles.  Light traveling to Earth from the Sun at the speed of light takes about 8.3 minutes to arrive. 
  

THE ELECTROMAGNETIC SPECTRUM

The Electromagnetic spectrum is divided into seven groups.  Literature shows that the division between the groups with respect to wavelength and frequency is varied.  The types of electromagnetic waves are Gamma rays, X-rays, Ultra-violet, visible light, Infrared, Microwaves, and Radio waves. 
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ENERGY OF ELECTROMAGNETIC WAVES

Electromagnetic waves range over a very large spectrum of frequencies and wavelengths.  We can also look at them with respect to their energy levels.  Higher frequency waves posses more energy.  Some types of this energy are harmful to cells.  The distinction of whether a wave is harmful or not is its classification as ionizing or non-ionizing.  Ionizing waves have enough energy to cause atoms and molecules to become ions.  In humans healthy cells that absorb ionizing radiation can mutate.  Often these mutations lead to forms of cancer.  Gamma rays and x-rays are both ionizing forms of radiation.  Ultra-violet radiation is non-ionizing to humans.  Yet, it has enough energy to ionize atoms and molecules in our atmosphere.   All of the waves from ultra-violet through radio waves are considered to be non-ionizing. 
Most people think of the emission of particles during nuclear reactions when the word radiation is mentioned.  One definition of the word radiation is the “spontaneous emission of particles from the nucleus of an atom”.  These particles are protons (gamma decay), Helium atoms (alpha decay), and electrons (beta decay).  The release of this gamma ray and x-ray energy is essential to the need of the conservation of mass in a reaction.  These ionizing forms of radiation are very harmful to us.
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TYPES OF ELECTROMAGNETIC WAVES

1) GAMMA RAYS (g)

Emitted from the nuclei of atoms during radioactive decay.  Also emitted during high-speed collisions of particles.  Gamma rays are ionizing waves.  Below is an example of the chemistry of how gamma radiation is emitted.  

Uses:    cancer treatment and therapy, sterilization of foods and medical equipment              (Gamma radiation kills microbiological organisms. 
             No lasting radiation remains on the product.) 
             Sources:    cobalt 60, the inner core of the sun,

2) X-RAYS

Emitted when an electron moves from certain excited states back down to its ground state, or when an electron that is moving very quickly is stopped suddenly.  An example of this is cathode ray tube (CRT) monitors.  In them a beam of electrons hits a screen that is coated with a phosphorescent material.  When this happens some of the energy of the electron transfers to the material and makes the screen glow.  The remainder of the energy is radiated in the form of a x-ray photon. There are two groups of x-rays long wavelength or soft x-rays and shorter wavelength or hard x-rays. 

Uses:  radiography (x-ray photography) killing cancerous cells (hard x-rays), to examine materials in industry for defects (i.e.: castings and welds) 

Sources:  emission by heavy atoms after bombardment by an electron

3) ULTRAVIOLET

Type of wave above the color Violet.  Bees see in ultraviolet.  These energetic waves, when incident to human skin, cause the melanoma in our skin to produce more pigment in an effort to protect itself.  We call this effect sun tanning. 
There are three groups of ultraviolet waves UV A, UV B, and UV C.  The “A” type has the longest wavelength and is the least harmful of these three groups. UV B, and UV C are absorbed by DNA in cells.  The human eye is also very susceptible to the harmful effects of ultraviolet rays. Snow blindness is an example of an extreme case of damage done by ultraviolet radiation to the eye. Fortunately, a very small amount of the sun’s ultraviolet energy actually reaches the Earth’s surface. 

Uses:   ultraviolet waves help the body to produce vitamin D, to kill bacteria on objects, sun tanning 

Sources:   Ultra hot objects 5000°C or more, Mercury vapor lamps, electric arcs (high current sparks), emission of a photon of light (UV) when an electron goes through a small drops in energy levels

4) VISIBLE LIGHT

White light coming from the sun contains every color that we know.  A rainbow is an example of white light that has been separated into a continuous spectrum of colors.  A prism or diffraction grating, CD-ROM disks, and oil drops, accomplish the same feat. 
The names of colors are assigned in the order of their wavelengths.  There is actually a range of wavelengths for each color. The definition of a color is often arbitrary and based on an individual’s pleasure.  See table 6.2 (K.Y.Kondratiev, “Radiation in the Atmosphere”, Academic Press, 1969) 

Uses:    communications with fiber optics and lasers (red, green, and blue) light bulbs and gas discharge tubes (fluorescent) 

Sources:    very hot objects, luminous objects

5) INFRARED

Infrared radiation is usually thought of, and most easily understood, as heat.  Yet, not all infrared energy is heat.  Near infrared energy is the one most close to visible light.  These waves are not hot and do not warm objects that they hit.  Remote controls for electronic devices (TV’s, VCR’s) Use infrared waves as a method of data transfer. 
Far infrared energy is heat energy.  All objects that have warmth radiate infrared waves.  Infrared energy is easily absorbed and re-radiated.  Our sun emits very strongly in the infrared range.  Rattlesnakes and some other families of snakes can sense, or “see” in infrared.  This Trait allows them to sense prey and foes at night and in darkened burrows. 

Uses:    surveillance by police, fire and military, therapy of muscles, photography with limited light 

Sources:    Humans 310K, the sun 5730K

6) MICROWAVES

These are waves are from one millimeter to one decimeter in length.  Water molecules absorb microwave radiation.  Microwave ovens use this simple principle to heat food.  Many stars emit microwave radiation due to the fact that they are young stars, and not warm enough to “burn” yet. 
Perhaps the best known use of microwaves is in communications. As a radio wave, a microwave travels at the speed of light.  Microwave frequencies used in telecommunications are 6-11,000 MHz for distances up to 400 km.  With a series of relay towers, a microwave signal can cross the continental United States in 0.016 seconds. This point to point communication is the reason that we must have so many towers along our road systems.  Hills and valleys block the line of sight of some towers.  Modern microwave relay towers only need to be placed at 40-50 km intervals to boost the signal.  Cell phone services also use relay towers to send information to communications satellites that relay messages back to ground based transfer stations.  Just three communications satellites correctly positioned 22,000 miles away from Earth could provide a worldwide telecommunications network. Microwaves are also a convenient way to transmit energy to be used as a power source.  There have been proposals for satellites the convert solar power into microwaves that are beamed down to Earth and converted into electricity. 

Uses:  communications (point to point) power transmission 

Sources:    special electric circuits, many stars, microwave ovens

7) RADIO WAVES (FM &AM)

Radio waves have the longest wavelength of all electromagnetic waves. They start at 10 centimeters and extend up to over 100,000 meters in length for one single wave.  The actual extent of the length of radio waves is unknown. (The same is true for gamma waves.) Radio waves are the only cosmic waves that reach the surface of the Earth. They are responsible for the noise that we hear on our radios or the snow that we see on television channels on which signals are not broadcast. Radio waves are divided into smaller groups or bands depending on the frequency.  The higher the frequency of a wave the more the need for line of sight transmission and reception.  Lower frequency waves allow for “over the horizon” reception. 
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Frequency Range       Wavelength                 Range                                     Name(abr.) 
30 GHz - 300 GHz     1 cm - 1 mm              Extremely High Frequency        (EHF) 
3 GHz - 30 GHz         10 cm - 1 cm             Super High Frequency               (SHF) 
300 MHz - 3 GHz      1 m - 10 cm               Ultra High Frequency                 (UHF) 
30 MHz - 300 MHz   10 m - 1 m                 Very High Frequency                 (VHF) (FM Radio) 
3 MHz - 30 MHz       100 m - 10 m             High Frequency                          (HF) (TV) 
300 kHz - 3 MHz       1 km - 100 m            Medium Frequency                     (MF) (AM Radio) 
30 kHz - 300 kHz         10 km - 1 km                 Low Frequency                          (LF) (International AM radio) 
3 kHz - 30 kHz          100 km - 10 m          Very Low Frequency                 (VLF) 
20 Hz - 3 kHz            > 100 km                  Extremely Low Frequency         (ELF) 

Uses:           Medium range communications 
Sources:      transmitters, sparks from brushed (and unsuppressed) motors, 

The National Telecommunications and Information Administration works under the guise of the U.S. Department of Commerce to regulate the uses of radio waves in the United States.  They have broken these ranges of frequencies down into further smaller groups that are really just a range of frequencies.  We adjust the frequency that we receive on our televisions and radios.  We also call this a channel. 
Letters used to be assigned to a range of frequencies.  The use of these designations, L, S, C, X, and K, for a range of frequencies has been discontinued due to the explosion of the use of radio frequencies.  They were, quite simply, too large a range of frequencies to use anymore.

SOURCES OF ELECTROMAGNETIC SPECTRA

When an atom releases energy we can “see” that energy.  Occasionally, the energy is visible light.  Yet in order for the object to produce the light it must “glow” or phosphoresce.  Not all objects glow.  Yet, all objects give off, or radiate, energy. 
In order for an object to radiate energy it must have molecules of atoms that are moving.  Atoms that are not moving are said to be at absolute zero (0K or -273°C).  This is the coldest that an object can be.  If an object has warmth then is radiating energy.  The hotter that an object is the stronger and more varied the forms of energy that it radiates are. 
Cold objects radiate mostly radio waves.  The interstellar dust clouds in the Milky Way galaxy are estimated to be a few degrees above absolute zero.  As a body warms to a few hundred degrees above 0K it begins to radiate strongly in the infrared (below red) range.  Humans body temperatures are 98.6°F, 37°C, or 319.15k.  Some surveillance cameras record images in infrared.  Infrared cameras are also used to study stars that are in the beginning stages of formation, or later stages of death.  (Kaler; Astronomy 9/2000) 
Objects that begin to glow in the visible spectrum are said to be red hot.  Red is the longest frequency of light and lowest energy wave that we can detect as visible.  Objects begin to be red hot at 1000K.  At a few thousand Kelvin bodies produce all of the previous forms of energy plus all visible light and some ultra violet (above violet) radiation.  Cool stars, 3500 K produce mostly infrared radiation.  Hot stars, 5000 K give off mostly ultra-violet energy.  The region of our sun (the photosphere) that produces the light that we see is estimated to be 5730K (10,000 °F).  As we know from experience the sun's rays are warm (infrared) but our sun radiates most strongly in the ultra-violet range.  Occasionally, during explosive outbursts, it releases x-ray radiation.  The temperatures necessary to produce these very energetic waves are upwards of 500,000°C (900,000°F).  The sun’s outer atmosphere is capable of temperatures this high.  The inner core is estimated to be at 15,000,000 °C (27,000,000°F).  At this temperature the most energetic form of electromagnetic radiation are produced.  Surprisingly the sun radiates very little Gamma ray energy.
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PROTECTION BY THE ATMOSPHERE

Much of the energy from the sun that reaches our atmosphere is absorbed.  We are fortunate that our atmosphere is such a good protector for us.  All ionizing radiation, gamma rays and x-rays are blocked before they reach the surface.    Much of the ultra-violet radiation from the sun is also absorbed.  All short wavelengths up to 320 nanometers are absorbed or reflected.  The deepest penetrating of these waves is in the UV range. Atmospheric ozone in the ozone layer, 30 km to 80 km above the Earth, is the greatest absorber of ultraviolet radiation, specifically UV C and UV B waves.   The importance of this tri-atomic (O3) upper stratospheric gas cannot be stated strongly enough.  It protects virtually all life forms here on Earth. 
The graph (####) shows penetration depth as a function of wavelength for fat, blood and muscle tissue.  These wavelengths are non-ionizing microwaves.  Our telecommunications industry works with microwaves between the frequencies of 0.1 to 100 gigahertz.  The latest cordless phones transmit and receive on 900 megahertz and 2.4 gigahertz.  The higher the frequency a wave is, the more likely it is to travel through a material that is between the transmitter and the receiver.  As our atmospheric gasses absorb radiation they become more energetic.  They may travel faster, vibrate more or rotate faster.  When they are unable to hold onto this energy they release it by giving up an electron and become a positive ion.  Occasionally, absorbing atoms and molecules release an electron and a different form of energy.  This energy then travels along reflecting and refracting until it is absorbed or travels back into space. 
Nitrogen and oxygen gasses as well as molecular oxygen absorb most of the wavelengths up to 200 nm at altitudes between 200 km and 80 km.  (Tascione, 6.2)  The absorption of this energy is the cause of the Ionosphere.  The ionosphere is a region of charged ions (positive) and electrons our atmosphere from 80 km up to 1000 km in altitude. 
The solar radiation that is transmitted through our atmosphere and reaches the surface are visible light, infrared and some radio waves. 
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Slinky Lab

Problem:

How can you model the properties of transverse waves?
Hypothesis

A coiled spring toy can be used to model transverse waves and to investigate wave properties such as speed, frequency, amplitude, and wavelength.
Possible Materials:

1. a long coiled spring toy
2. Your smarts

Plan the Experiment:
1. Work in pairs or groups, and clear a path of about 6 meters for this activity.
2. One member of the team should grip the coiled spring toy firmly with one hand. Another member of the team should stretch the spring to the length suggested by your teacher. Team members should take turns holding the end of the spring. CAUTION: Coiled springs easily get out of control Do not allow them to get tangled or overstretched.
3. The second team member should then make a quick sideways snap of the wrist to produce transverse wave pulses. Other team members can assist in measuring, timing, and recording data. It is easier to see the motion from one end of the coiled spring toy, rather than from the side.

4. Design experiments to answer the questions under Analyze and Conclude.
5. Check the Plan Make sure your teacher has approved your final plan before you proceed with your experiments. You don’t really have to check with me… just use your head!
Analyze and Conclude:
Interpreting Data
1. What happens to the amplitude of the transverse wave as it travels?
Recognizing Cause and Effect

2. Does the transverse wave’s speed depend upon its amplitude?
Observing and Interpreting

3. If you put two quick transverse wave pulses into the spring and consider the wavelength to be the distance between the pulses, does the wavelength change as the pulses move?
Applying

4. How can you decrease the wavelength of a transverse wave?
Interpreting

5. As transverse wave pulses travel back and forth on the spring, do they bounce off each other or pass through each other?
Apply:
1. How do the speeds of high frequency (short wavelength) transverse waves compare with the speeds of low frequency (long wavelength) transverse waves?
2. Suppose you designed the experiment using longitudinal waves. How would the procedure for longitudinal waves be different from the procedure for transverse waves?
3. Would you expect the results of an experiment with longitudinal waves to be similar to the results of the transverse wave experiment? Explain why or why not?
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I. Wave Interference

Overlapping of two or more waves. 

Constructive interference – (reinforcement wave) work together… amplitude gets bigger.

Destructive interference – (reinforcement wave) work against each other… amplitude gets smaller.

II. Standing Waves

By shaking a rope just right, you can cause an incident and reflected wave to form a standing wave. 
Nodes – parts of a standing wave that stay stationary.

Antinode – part of a standing wave with the greatest amplitude.
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More found on page 455 of text.
Lets play…
Wave Interference: (Compliments of Mr. Neff)
Two waves interfere when they pass through the same medium and simultaneously attempt to move the same medium particles. When the two waves try to move the medium in the same direction, we get constructive interference. When the two waves try to move the medium in opposite directions, we get destructive interference. 
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If wave pulse 1 and wave pulse 2 passed through the same medium simultaneously, draw the interference pattern (resulting wave) that would result.
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Label where we have constructive and destructive interference. 
SAME… SAME… Draw and label!
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Using Electric Fields to Learn More About Electromagnetic Waves 

Objective: 

The objective of this Web Quest is to use the Internet to investigate the phenomena of electric fields and Waves.

Procedure:


Use the following link to begin your investigation.

http://www.colorado.edu/physics/2000/waves_particles/wavpart4.html
Electromagnetic Waves

· Vibrating Charge and Electromagnetic Waves Simulation

What happens to the positive charge when the negative charge is moved up and released? More importantly, what happens to the wave that is generated? 
It creates a transverse wave. 
As you adjust the spring tension, how does the effect on the particles change? Increase tension vs. decreased tension? 
Less tension ( Large λ ( small ʄ 

More tension ( Small λ ( large ʄ 
· Click on the hyperlink (Click Here) to learn more about the connection between wavelength, frequency, and speed of light

What is meant by the Period of the wave?

Time for charge to oscillate once.

What is meant by the Frequency of the wave? 
Oscillation / second
What is the speed of Light? 3.0 x 108 m/s

What happens to the wavelength of light wave as its frequency is increased?

Decreases
Do all electromagnetic waves travel at different speeds? __NO!_, 





All travel at 3.0 x 108 m/s
Investigate Waves Further Using the Link below.

http://www.colorado.edu/physics/2000/waves_particles/waves.html 

Catch the Wave – Wave Fundamentals
· Investigate Stadium Waves Simulation

Click and drag the cheerleader back and forth! What do you observe? What significance does it have? 
A wave! Notice the wave passes through the medium. 
What other examples of waves can you think of? Provide a list below.

1. _____Electromagnetic____________

2. _____Sound____________________

3. _____Surface__________________
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_______Transvers / Longitudinal ________
Boundary Behavior of Waves

Check Your Understanding
Case 1: A pulse in a more dense medium is traveling towards the boundary with a less dense medium.
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1. The reflected pulse in medium 1 ________ (will, will not) be inverted because _more to less dense.______.

2. The speed of the transmitted pulse will be ___________ (greater than, less than, the same as) the speed of the incident pulse.

3. The speed of the reflected pulse will be ______________ (greater than, less than, the same as) the speed of the incident pulse.

4. The wavelength of the transmitted pulse will be ___________ (greater than, less than, the same as) the wavelength of the incident pulse.

5. The frequency of the transmitted pulse will be ___________ (greater than, less than, the same as) the frequency of the incident pulse.

Case 2: A pulse in a less dense medium is traveling towards the boundary with a more dense medium.
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6. The reflected pulse in medium 2 ________ (will, will not) be inverted because __Less to more dense___________.

7. The speed of the transmitted pulse will be ___________ (greater than, less than, the same as) the speed of the incident pulse.

8. The speed of the reflected pulse will be ______________ (greater than, less than, the same as) the speed of the incident pulse.

9. The wavelength of the transmitted pulse will be ___________ (greater than, less than, the same as) the wavelength of the incident pulse.

10. The frequency of the transmitted pulse will be ___________ (greater than, less than, the same as) the frequency of the incident pulse.

Preliminary Questions
1. What is an incident wave? ________________Incoming_______________________________________________________________________________________

2. What is a reflected wave?

______Returned, or bounced off of a boundary __________
Simulated Experiments (http://lectureonline.cl.msu.edu/~mmp/kap13/cd372.htm)
3. Using the above link, observe the Law of Reflection? Include a diagram to aid your explanation.



Simulation Demo:

     What happens to the speed of the reFLected wave?
______________Nothing… Still in the same medium _________

Does what you see agree with the Law of Reflection? Why or why not?

______________YEP! θi = θr______________

4. What is Refraction? (Use the same link)
The change in direction and speed of a wave at a boundary between media
Draw it!








air

Simulation Demo:






water
     What happens to the speed of the refRActed wave?

Less to more dense(slows… more to less dense( speeds up
What happens as the refracted wave enters the 2nd medium?
It bends… and slows. ν↑, λ↓… ʄ same
5. What is diffraction? (single slit, double slit, obstacle) http://www.falstad.com/ripple/
The spreading of waves around a medium
Use the above link to explore diffraction. What happens to the waves when they encounter the obstacles? 
They diffract
Draw a Picture… (single slit only!!) (http://lectureonline.cl.msu.edu/~mmp/kap13/cd372.htm)
Presque Isle State Park in Erie, Pa uses breakers to protect their beaches. These breakers act like the stoppers creating a barrier. How does this protect their beaches from erosion? (FYI - Presque Isle is French for ‘almost an island’)

Erosion still occurs… only the eroded material is deposited a small distance down the shoreline.

We will use a wave simulator to simulate these experiments as well as your own. Document any results that you find significant. We will share these observations with the class.



Shoaling, Refraction, and Diffraction of Waves



Introduction

Water waves are characterized by their height, their length, and their period. The wave height is the distance between the trough (lowest part) and crest (highest part) of the wave. The wave length is the distance between wave crests. The wave period is the time for two consecutive crests to pass a point. 

Waves are efficient carriers of energy, imparted by the wind most commonly. They transport very little water; most of the water motion is in nearly closed elliptical paths. (See Dalrymple's Java applet: Velocities Under Water Waves for an example: try wave height of 5 m, wave period 20 seconds, and water depth of 10 m.) The energy per unit surface area in a wave is related to the square of the wave height. The speed at which the waves carry this energy is related to the wave speed, which is the wave length divided by the wave period (since the wave has to travel one wave length every wave period). 

Shoaling and refraction of waves occur when the waves are in shallow water. If the water depth is less than half the wave length, then the wave is considered to be in shallow water. In the deep ocean, tsunamis (earthquake-generated waves) are considered shallow water waves (1). When the waves move into shallow water, they begin feel the bottom of the ocean. 

Shoaling and Breaking

Shoaling occurs as the waves enter shallower water. The wave speed and wave length decrease in shallow water, therefore the energy per unit area of the wave has to increase, so the wave height increases. The wave period remains the same in shoaling. (The wave period is the time it takes for a wave crest to travel the distance of one wave length.) When the wave crest becomes too steep, it becomes unstable, curling forward and breaking. This usually happens when the height of the wave becomes about the same size as the local water depth. That is, a 10 ft high wave usually breaks in about 10 feet of water. Figure 1 shows the progression of a wave as it comes towards the shore.(2) 

Figure 1. Transformation of waves over shoaling water.
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Refraction

Refraction is the bending of waves because of varying water depths underneath. The part of a wave in shallow water moves slower than the part of a wave in deeper water. So when the depth under a wave crest varies along the crest, the wave bends. 

An example of refraction is when waves approach a straight shoreline at an angle. The part of the wave crest closer to shore is in shallower water and moving slower than the part away from the shore in deeper water. The wave crest in deeper water catches up so that the wave crest tends to become parallel to the shore. 

Wave refraction also occurs around a circular island. The wave approaching from one direction will wrap around the island so the wave crest will approach the beach close to parallel on all sides of the island (figure 3) (1). In Figure 2, the wave crests are shown (the first crest is a horizontal line at the top of the figure), and the vertical lines are wave orthogonals (lines which would be traced out by following the wave direction). Note the criss-crossed wave pattern behind the island. 

Figure 2. Plan view of wave refraction around an island. Waves approach the circular island from the top of the figure. 
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Diffraction

Diffraction usually happens when waves encounter surface-piercing obstacle, such as a breakwater or an island. It would seem that on the lee side of the island, the water would be perfectly calm; however it is not. The waves, after passing the island in Figure 3, turn into the region behind the island and carry wave energy and the wave crest into this so-called 'shadow zone.' The turning of the waves into the sheltered region is due to the changes in wave height (say along the crest) in the same wave. 

If the sides of the island are sloping under the water, then refraction would also be present. 

Figure 3. Wave Diffraction.
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The pictures shown here were taken from the first two references below. For a more elaborate explanation, see Dean and Dalrymple

Simulation links

1. Diffraction Explained!!!! - http://www.acoustics.salford.ac.uk/feschools/waves/diffract.htm
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Wave Fundamentals – Practice Problems

ν = ƒ λ

1. A sound wave produced by a clock chime is heard 515 m away 1.50 S later.

a. What is the speed of sound of the clock’s chime in air?

b. The sound wave has a frequency of 436 Hz. What is its period?

c. What is its wavelength?

2. A hiker shouts toward a vertical cliff 685 m away. The echo is heard 4.00 s later.

a. What is the speed of sound of the hiker’s voice in air?

b. The wavelength of the sound is 0.750 m. What is its frequency?

c. What is the period of the wave?

3. If you want to increase the wavelength of waves in a rope, should you shake it at a higher or lower frequency?

4. What is the speed of a periodic wave disturbance that has a frequency of 2.50 Hz and a wavelength of 0.600 m?

5. The speed of a transverse wave in a string is 15.0 m/s. If a source produces a disturbance that has a frequency of 5.00 Hz what is its wavelength?

6. Five pulses are generated every 0.100 s in a tank of water. What is the speed of propagation of the wave if the wavelength of the surface wave is 1.20 cm?

7. A periodic longitudinal wave that has a frequency of 20.0 Hz travels along a coil spring. If the distance between successive compressions is 0.400 m, what is the speed of the wave?

[image: image12.png]



Problems # 1-7 – Green Sheet HW

1. A sound wave produced by a clock chime is heard 515 m away 1.50 S later.

a. What is the speed of sound of the clock’s chime in air?

b. The sound wave has a frequency of 436 Hz. What is its period?

c. What is its wavelength?

  
d = 515 m

a) 343 m/s
   
 t = 1.50 s

b) 0.00229 or 2.29 ms






c) λ = 0.787 m 
2. A hiker shouts toward a vertical cliff 685 m away. The echo is heard 4.00 s later.

a. What is the speed of sound of the hiker’s voice in air?

b. The wavelength of the sound is 0.750 m. What is its frequency?

c. What is the period of the wave?

d = 685 x 2 

a) v = 343 m/s
    
t = 4 s


b) ƒ = 457 Hz 






c) 2.19 ms
3. If you want to increase the wavelength of waves in a rope, should you shake it at a higher or lower frequency?

Shake with a lower frequency
4. What is the speed of a periodic wave disturbance that has a frequency of 2.50 Hz and a wavelength of 0.600 m?

ν = ƒ λ 


ν = 1.5 m/s
5. The speed of a transverse wave in a string is 15.0 m/s. If a source produces a disturbance that has a frequency of 5.00 Hz what is its wavelength?

λ  = ν / ƒ 

λ = 3.0 m
6. Five pulses are generated every 0.100 s in a tank of water. What is the speed of propagation of the wave if the wavelength of the surface wave is 1.20 cm?

ƒ = 5 pulses / 0.1 s 
or 
50 Hz
v = 0.6 m/s
7. A periodic longitudinal wave that has a frequency of 20.0 Hz travels along a coil spring. If the distance between successive compressions is 0.400 m, what is the speed of the wave?

ƒ = 20 Hz

ν = ƒ λ

  λ = 0.4 m 



v = 8 m/s
THE PHYSICS OF WAVES

(Article Review)

1. The article states that waves may reflect, or bounce off of, obstacles. Does this mean that waves bounce off of other waves? Explain. Provide evidence.

2. What is wave reflection? Provide an example in your explanation.

3. What is wave refraction? Provide an example in your explanation.

4. What is wave diffraction? Provide an example in your explanation.

5. What is white light composed of?

6. What may happen as waves travel between media?

a. May be absorbed

b. May be transmitted

c. May be reflected

d. All of the above

e. None of the above

WAVES

7. According to the article, what are the 3 types of waves? List and define them. 

PARTS OF A WAVE

8. What are the parts of the wave? List and define them.

9. List the bolded SI prefixes in your notebook as a reference. 

10. What is frequency measured in?

11. What is wavelength measured in?

PROPERTIES OF A WAVE

12. The speed of a wave depends on the ______________. 

13. As wave enters another medium, what happens? Explain!

SPEED OF LIGHT

14. What is the speed of light?

15. At this speed, how long does it take for light from the Sun to reach the Earth?

ELECTROMAGNETIC SPECTRUM

16. List the seven categories of electromagnetic waves.

ENERGY OF ELECTROMAGNETIC WAVES

17. What kind of electromagnetic waves can be very harmful to humans?

18. List several harmful electromagnetic waves.

TYPES OF ELECTROMAGNETIC WAVES (7)

19. For each of the seven Electromagnetic Waves…


a. List the name

b. List at least one piece of interesting information.

c. List and explain at least one use.

d. List and explain at least one source.

SOURCES OF ELECTROMAGNETIC SPECTRA

20.  All objects give off or radiate ___________. 

21. “In order for an object to radiate energy it must have…

22.  Cold objects radiate mostly ________ waves.

23.  The light that reaches the Earth from the Sun comes from a region of the Sun that reaches __________degrees Fahrenheit.

PROTECTION BY THE ATMOSPHERE

24.  Much of the Sun’s energy is ____________ by the Earth’s atmosphere.

25.  Our atmosphere blocks all ___________ radiation. 

26.  The Sun emits mostly UV rays, these rays are primarily absorbed by the ____________ ____________.

27.  What types of electromagnetic waves are actually transmitted through our Earth’s atmosphere?

28. Would you consider this fairly lucky? Why? 



The Physics of Waves

(Article Review)

1.  No, waves pass through one another.

2.  Wave reflection is a wave bouncing off of an obstacle.  An echo is an example of a reflected sound wave.

5.  White light is composed of all of the colors of the rainbow.

6.  d. all of the above

7.  

a) Transverse- waves that travel perpendicular to the direction of motion

b) Longitudinal- waves that travel parallel to the direction of motion

c) Electromagnetic- waves of energy emitted from any object that is above absolute zero in temperature

10.  Frequency is measured in hertz, one repetition per second.

11.  Wavelength is measured in meters.

12.  The speed of a wave depends on the medium.

20.  All objects give off or radiate energy.

22.  Cold objects radiate mostly radio waves.

25.  Our atmosphere blocks all ionizing radiation.

28.  Yes, because all harmful waves are absorbed. 

What is Richter Magnitude?

Seismologists use a Magnitude scale to express the seismic energy released by each earthquake. Here are the typical effects of earthquakes in various magnitude ranges: 



Earthquake Severity 

Richter         

Earthquake

Magnitudes      

Effects

Less than 3.5   

Generally not felt, but recorded.

3.5-5.4        

 Often felt, but rarely causes damage.

Under 6.0      

At most slight damage to well-designed buildings.




Can cause major damage to poorly constructed buildings




over small regions.

6.1-6.9         

Can be destructive in areas up to about 100 kilometers




across where people live.

7.0-7.9         


Major earthquake. Can cause serious damage over larger areas.

8 or greater    

Great earthquake. Can cause serious damage in areas several




hundred kilometers across.



Although each earthquake has a unique Magnitude, its effects will vary greatly according to distance, ground conditions, construction standards, and other factors. Seismologists use a different Mercalli Intensity Scale to express the variable effects of an earthquake. 

Each earthquake has a unique amount of energy, but magnitude values given by different seismological observatories for an event may vary. Depending on the size, nature, and location of an earthquake, seismologists use several different methods to estimate magnitude. The uncertainty in an estimate of the magnitude is about plus or minus 0.3 units, and seismologists often revise magnitude estimates as they obtain and analyze additional data.
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Name_______

Mr. Kuffer

Earthquakes and Wave Propagation

Definitions:


Wave- series of repeating crests & troughs (wiggle in space & time)



Propagation- travel of wave



Seismic- Greek for eathquake



Seismometers- detects & records ground motion during a quake



Epicenter- Point on surface of earth directly above the hypocenter

Hypocenter – focus or origin of quake (underground explosion)

1. P-waves, also known as PRIMARY waves COMPRESS the rock in the same direction it propagates.  These waves are similar to SOUND/LONGITUDE.

2. P-waves can travel through and SOLIDS and LIQUIDS because these materials can be COMPRESSED.

3. P-waves can travel through rocks at 6 to 14 km/s.

4. The S-wave, also known as a SECONDARY shears the rock to SIDE to SIDE or UP and DOWN.

5. S-waves cannot travel through LIQUIDS because LIQUIDS CANNOT BE SHEARED.
6. Why is a large mass used on the seismometer? IT RESISTS MOTION… INERTIA!
7. After an earthquake, which waves arrive first? PRIMARY (p) WAVES
8. How are seismic waves characterized? BY HOW MUCH GROUND WAVES (AMPLITUDE) & TIME IT TAKES (Ƭ).
9. What is the principal measurement for the size of an earthquake? AMPLITUDE… HOWEVER Ƭ IS ALSO IMPORTANT B/C OF POTENTIAL RESONANCE. 
10. A NOMOGRAPH is used to represent the mathematical relationship between distance, magnitude, and S-wave amplitude.

Richter Scale:  

The Richter Scale is a logarithmic scale.  The difference between a level 4 earthquake and a level 5 is that a level 5 earthquake is 10 times as violent.  The difference between a level 4 earthquake and a level 6 is a level 6 is 102 or 100 times as violent.

What is the difference between a level 2 earthquake and a level 5 earthquake?

10 X 10 X 10 OR 1,000 X’S GREATER

What is the difference between a level 2 earthquake and a level 6 earthquake?

10,000 X’S GREATER

Earthquake Wave Velocity Enrichment

Earthquakes produce both longitudinal waves, known as P waves, and transverse waves, known as S waves. Geologists have used the properties of these waves to predict the composition of Earth’s interior. They believe Earth consists of three main zones: the crust, the mantle, and the core. The core is believed to consist of a liquid outer core and a solid inner core. 

P and S waves travel, or propagate, through different rock materials at different velocities. S waves cannot pass through molten, or liquid, rock. If Earth’s composition were that of a uniform solid, the velocities of P and S waves would increase smoothly with depth. This is because increasing pressure beneath the surface increases the elastic properties of the rock, which in turn increases wave velocities. Because the interior rock composition is not uniform but changes with depth, the earthquake wave velocity does not increase smoothly, as shown in the graph below. Use the graph to answer the following questions.
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1. Within which zone do P-wave velocities range from about 6 to 7 km/s?

Crust
2. What is the range of S-wave velocities in the mantle?

4-6 km
3. Describe the change in velocities of both S and P waves at the boundary of the crust and mantle and at the boundary of the mantle and core.

Crust and mantle ( increase drastically
Mantle and core ( P increase, S do not travel
4. Estimate the depth of the boundary between the mantle and the core. If this boundary were not labeled on the graph, how might you identify it?

~ 2800 km
5. How do P waves behave in the solid inner core? Why are S waves not found there?

P - Move with a constant velocity
S - Cannot travel through liquids
6. There are two locations in the mantle at which P-wave velocities increase sharply. Since S-wave velocities are not as strongly affected at these locations, geologists believe that the corresponding velocity changes are not due to the abrupt changes in rock composition but to atomic “repacking” of rock due to changes in pressure or temperature, called phase transitions. Estimate the depths at which the two phase transitions occur.

200 & 800 km
7. Laboratory tests indicate that rocks such as peridotite that are rich in the dense minerals olivine, pyroxene, and garnet have P-wave velocities greater than 8 km/s. Which zone is not likely to be made principally of peridotite? 

Crust


Waves & Earthquakes
Determining earthquake location:
Examine the figure below, and label the P-wave and S-wave arrivals on each seismogram.  Use the scale on the figure to determine the time lag between the P and S arrivals, and record your answers in Table 1.


Table 1
	Seismograph
	Lag time (s)

	1
	81

	2
	20

	3
	31

	4
	59


Determine the travel times and time lag for P and S waves as a function of position:

Assuming that average P and S wave velocities are 6.1 km/s and 4.1 km/s, calculate the following:

P wave travels 10 km in ___1.64______ s.  S wave travels 10 km in ____2.44_____ s.

Time lag between P and S wave arrivals at 10 km = ______0.8______ s.

Relationship between time lag and distance = ______0.08______ s/km. 

We sometimes have trouble making sense out of s/km… But looking at the reciprocal should shed some light on our problem…  ______12.5______ km/s

Use this relationship, together with the measurements from Table 1, to complete Table 2.

Table 2
	Seismograph
	1
	2
	3
	4

	Distance from Epicenter (km)
	1012.5
	250
	387.5
	737.5


Finding the epicenter on a map:

Once you know the distance from the epicenter for at least three seismic stations, you can locate the source of the earthquake using triangulation.

Using the figure below, draw circles around each seismic station with a radius equal to the distance in Table 2.  Be sure to use the scale on the map.
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To the nearest degree, what was the latitude and longitude of the earthquake epicenter?

Latitude: _____36_____°,   Longitude: _____90.5_____°

In what state was the epicenter? __________Tennessee_____________  (You will have to be very careful to get this right!)

Determining the timing of the earthquake:
If we know the absolute arrival times in addition to the relative arrival times, we can use the seismograms to determine the time of the earthquake.

Table 3 lists the arrival times for the P wave at each of the four seismic stations.  Using the distances in Table 2, and the velocities given in the problem statement, determine the P wave travel times (in other words, how long did it take for the P wave to travel to each of the four stations?).  Then calculate the time of the earthquake.

Table 3
	Seismograph
	P wave arrival time

(H:MM:SS)
	P wave travel time (s)
	Time of Earthquake

(H:MM:SS)

	1
	3:12:53 CST
	2 min 46 s
	3:10:07

	2
	3:10:50 CST
	41 s
	3:10:09

	3
	3:11:11 CST
	1 min 3.5 s
	3:10:08

	4
	4:12:07 EST
	2 min 0.9 s
	4:10:06 (EST)
(3:10:06)


Study Guide
1.  Rhonda sends a pulse along a rope. How does the position of a point on the rope, before the pulse comes, compare to the position after the pulse has passed?

2.  Why don't incoming ocean waves bring more water on to the shore until the beach is completely submerged?

3.  Why don't incoming ocean waves bring more water on to the shore until the beach is completely submerged?

4.  A transverse wave is transporting energy from east to west. The particles of the medium will move

	a. east to west only
	b. both eastward and westward
	c. north to south only
	d. both northward and southward


5.  A wave is transporting energy from left to right. The particles of the medium are moving back and forth in a leftward and rightward direction. This type of wave is known as a

	a. mechanical
	b. electromagnetic
	c. transverse
	d. longitudinal


6.  Describe how the fans in a stadium must move in order to produce a longitudinal stadium wave.

7. A sound wave is a mechanical wave; not an electromagnetic wave. This means that

a. particles of the medium move perpendicular to the direction of energy transport. 

b. a sound wave transports its energy through a vacuum. 

c. particles of the medium regularly and repeatedly oscillate about their rest position. 

d. a medium is required in order for sound waves to transport energy.

8. A science fiction film depicts inhabitants of one spaceship (in outer space) hearing the sound of a nearby spaceship as it zooms past at high speeds. Critique the physics of this film.

9.  The sonar device on a fishing boat uses underwater sound to locate fish. Would you expect sonar to be a longitudinal or a transverse wave?

Consider the diagram below in order to answer questions #10-11.
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10. The wavelength of the wave in the diagram above is given by letter ______.

 

11  The amplitude of the wave in the diagram above is given by letter _____.

 

12. Indicate the interval which represents one full wavelength.
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a. a to c 

b. b to d 

c. a to g 

d. c to g 

13. A wave has an amplitude of 2 cm and a frequency of 12 Hz, and the distance from a crest to the nearest trough is measured to be 5 cm. Determine the period of such a wave.

14. A fly flaps its wings back and forth 150 times each second. The period of a wing flap is

	a. 150 sec
	b. 2.5 sec
	c. 0.040 sec
	d. 0.0067 sec

	
	
	
	


 

15. A tennis coach paces back and forth along the sideline 10 times in 2 minutes. The frequency of her pacing is ________.

	a. 5.0 Hz
	b. 0.20 Hz
	c. 0.12 Hz
	d. 0.083 Hz


16. The frequency of rotation of a second hand on a clock is _______.

	a. 1/60 Hz
	b. 1/12 Hz
	c. 1/2 Hz
	d. 1 Hz
	e. 60 Hz


17. A kid on a playground swing makes a complete to-and-fro swing each 2 seconds. The frequency of swing is _________.

	a. 0.5 Hz
	b. 1 Hz
	c. 2 Hz


18.. In problem #5, the period of swing is __________.

	a. 0.5 second
	b. 1 second
	c. 2 second


19.. A period of 5.0 seconds corresponds to a frequency of ________ Hertz.

	a. 0.2
	b. 0.5
	c. 0.02
	d. 0.05
	e. 0.002


20.. A pendulum makes 40 vibrations in 20 seconds. Calculate its period?

21. A child in a swing makes one complete back and forth motion in 4.0 seconds. This statement provides information about the child's

	a. speed
	b. frequency
	c. period


22. The period of a 440 Hertz sound wave is ___________.

23. As the frequency of a wave increases, the period of the wave ___________.

	a. decreases
	b. increases
	c. remains the same


24. A transverse wave is found to have a distance of 8 cm from a trough to a crest, a frequency of 12 Hz, and a distance of 6 cm from a crest to the nearest trough. Determine the amplitude, period, and wavelength of such a wave. 24. An ocean wave has an amplitude of 2.5 m. Weather conditions suddenly change such that the wave has an amplitude of 5.0 m. The amount of energy transported by the wave is __________.

a. halved 

b. doubled 

c. quadrupled 

d. remains the same 

25. Two waves are traveling through a container of nitrogen gas. Wave A has an amplitude of .1 cm. Wave B has an amplitude of .2 cm. The energy transported by wave B must be __________ the energy transported by wave A.

a. one-fourth 

b. one-half 

c. two times larger than 

d. four times larger than 

� HYPERLINK "http://images.google.com/imgres?imgurl=http://www.lightandmatter.com/html_books/3vw/ch04/figs/standing-waves-on-floor.jpg&imgrefurl=http://www.lightandmatter.com/html_books/3vw/ch04/ch04.html&h=414&w=499&sz=28&hl=en&start=117&tbnid=ru0qcEqj9n45QM:&tbnh=108&tbnw=130&prev=/images%3Fq%3Dwaves%26start%3D108%26gbv%3D2%26ndsp%3D18%26hl%3Den%26sa%3DN" �� INCLUDEPICTURE "http://tbn0.google.com/images?q=tbn:ru0qcEqj9n45QM:http://www.lightandmatter.com/html_books/3vw/ch04/figs/standing-waves-on-floor.jpg" \* MERGEFORMATINET ����





� HYPERLINK "http://www.rit.edu/~andpph/photofile-c/splash-water-waves-4565.JPG" \t "_top" �� INCLUDEPICTURE "http://tbn0.google.com/images?q=tbn:zsBhBUfaehuTBM:http://www.rit.edu/~andpph/photofile-c/splash-water-waves-4565.JPG" \* MERGEFORMATINET ����





� HYPERLINK "javascript:openImage('images/hokusai_wave_2.jpg',692,555)" �� INCLUDEPICTURE "http://oceanworld.tamu.edu/students/waves/images/hokusai_wave_1.jpg" \* MERGEFORMATINET ����





� HYPERLINK "http://images.google.com/imgres?imgurl=http://www.ara.bme.hu/galeria/video/tacoma/tacoma_2.jpg&imgrefurl=http://www.ara.bme.hu/galeria/galeria_video.htm&h=240&w=352&sz=9&hl=en&start=34&tbnid=Fqp3oXRsdgZiYM:&tbnh=82&tbnw=120&prev=/images%3Fq%3Dtacoma%2Bnarrows%2Bbrigde%26start%3D18%26gbv%3D2%26ndsp%3D18%26hl%3Den%26sa%3DN" �� INCLUDEPICTURE "http://tbn0.google.com/images?q=tbn:Fqp3oXRsdgZiYM:http://www.ara.bme.hu/galeria/video/tacoma/tacoma_2.jpg" \* MERGEFORMATINET ����





� INCLUDEPICTURE "http://images.tutorvista.com/cms/images/83/sound-waves1.PNG" \* MERGEFORMATINET ���





ν = ƒ λ


Speed = Wavelength • Frequency





Mr Kuffer’s classes should know these!
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YOU SHOULD KNOW ONE IMPORTANT POINT FROM EACH OF THE 7 TYPES





This is why AM radio signals travel farther than FM signals





Radio Waves Cont…
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Waves in Two Dimensions
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 SOLUTIONS – SPOT CHECK
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