PHYSICS 690
ABSTRACT

What do sound, water, string, and light have in common? They can all be associated with waves. What characteristics, properties, or behaviors are shared by all the phenomenon which we typically characterize as being a wave? 
This paper reviews this subject, including both articles and web sites helpful in teaching New York State Middle and High School students. There are useful activities, instructions and an experiment from six different articles. The purpose of one of the articles is to share with teachers and other educators the use of the conceptual change strategy as applied to physical science topics like waves which are difficult for students to understand. Other articles include activities to observe wave motion, standing wave and investigate the relationship among wave speed, wavelength and frequency. One can find questions about waves with real-life applications. There is an activity that one can use to investigate transverse waves using sticky tape and straws. And a lab is included to study speed of sound and resonance. 

This paper also includes websites having simulations and animations that make it easier for the students to understand the concept. One link contains animations which visualize certain concepts concerning acoustics and vibration. Through other websites one can watch a string vibrate in slow motion and wiggle the end of the string and make waves, or adjust the frequency and amplitude of an oscillator. 
WAVES
What is a wave?

When we drop a stone in water, waves are produced. Vibrating one end of string produces waves, and spring motion is a wave motion. Sound is a wave. Light also has wave properties. So, we can describe wave as a disturbance that travels through a medium from one location to another location. 

Why is the concept of waves important?

Waves and properties of waves not only explain the movement of water, vibrations of strings, propagation of sound, and behavior of light, but also many other behaviors of nature ranging from subatomic particles to the universe.

How can we define a wave?

To totally define a wave, we need to speak about frequency (the number of vibrations or oscillations in a given time), amplitude (displacement from the rest position), period (time for one complete oscillation), and wavelength (distance between successive similar points). 


What are the characteristics of a wave?

a. When an incoming wave strikes something, it is reflected. We can see this when water waves hit a barrier. When we hear an echo, it is the result of reflection of sound. Seeing ourselves in a mirror is the result of reflection of light. Finally, when vibrations in a spring return, this is another example of wave reflection.

b. When light goes from air into water, it slows down. When water waves travel from a shallow area into a deep area, they can change speed. These are examples of the refraction property of waves.

c. When two beams of coherent light (such as different colors of laser light) meet they produce a new result. When water waves produced by two sources meet, they give rise to a new wave pattern, different from the two initial waves. When two or more sound waves meet, they produce a new sound or noise. These are examples of the interference of waves.

d. When waves pass through an opening, they spread. The pattern produced depends on the wavelength of the coming wave and the size of the opening, so several distinct patterns are possible. This phenomenon, known as diffraction, is demonstrated when light, sound, or water waves go around corners. Since light waves are very small, a very small opening is needed to see their diffraction. Sound diffraction occurs all the time, since many everyday objects cause it, so we rarely notice it, but with water, we get a clear picture of diffraction.        

What are the types of waves?

1. Transverse Wave

A piece of paper taped to a vibrating a string will have an up-and-down motion; i.e., perpendicular to the direction of wave motion. This is an illustration of transverse wave.

2. Longitudinal Wave

A spring, when set in motion by squeezing one part together and letting go, will vibrate in the same direction as the direction of the travel of the vibration. This type of wave is called a longitudinal wave. Sound waves are longitudinal waves.

We use springs to study longitudinal waves, but they can also transmit transverse waves. We say springs exhibit both transverse and longitudinal waves. In this way, they are like the earth in an earthquake, when it also exhibits both kinds of wave motion. 

What is wave superposition?

If two waves meet in the same medium, they will each proceed without regard to each other, including passing through each other. But while they overlap, the amplitude of the combined wave will be the total of the two amplitudes added together at each place where they overlap. This principle underlies other overall wave phenomena, such as interference.

What are standing waves?
Sometimes incoming and reflected vibrations meet and actually interfere additively. They are super imposed and produce standing waves. Looking at this occurrence, we see no apparent motion of the wave. Think of a jump rope, creating a double-standing wave because of vibrations both up and down and left and right. While the rope moves, the location of the wave does not. This is why they are called standing waves.

Some Representative Student Misconceptions about Waves
· Students often think of frequency in terms of time units and confuse it with period.
· The motion of the medium, up and down for water waves, is frequently confused with the motion of the wave itself, outward from a pebble dropped in a calm pool.

· Students often confuse the independent aspects of waves-primarily amplitude, frequency, and velocity-into just two parts, the motion of the medium and the overall intensity. For example, a common belief is that a rapid oscillation ensures a large amplitude and fast velocity. Or, conversely, small amplitude implies a slow velocity.

· Wave collisions, according to the intuition of many students, result in the permanent cancellation of both waves, as if they were mechanical objects.

Sources of Students’ Confusion and Misconceptions

· The relationship between frequency and period requires an understanding of ratios, which is difficult concept of many students.

· It is possible to acquire and use all of the wave vocabulary without gaining much understanding of waves themselves. Often, use of the words is essentially all that is tested.
· Wave motion is a cumulative phenomenon of much local motion. The distinction between the two is a subtle one, but one that is crucial for understanding.

Activity: Transverse Waves
Purpose:  Students will observe transverse waves and they will produce pulses reflected 
from both free and fixed ends, and they will study standing waves.

Materials: Sticky-tape, about two dozen drinking straws, paper clips.

Procedure: Attach one end of the tape to the table top, pull about two feet off and let it hang down. Place one paper clip in each end of each drinking straw. Stick the center of the straws at one inch intervals along the sticky tape, until you have about 24 of them attached. 

Now, looking end on at the straws, pull the tape reel, to make the strip taut, and give the bottom straw a tap. You will see a transverse wave pulse travel up the strip, and be reflected at the top. 

You may induce standing waves by rotating the bottom straw too and fro with the right period. If you unreel a length of tape, you may study reflection from a free end, just as you did reflection from a fixed end.     

For the last foot or so of the tape, put two paper clips at each end. Now you can study the reflection of a wave traveling from a less dense to a denser medium (top of the bottom) or vice versa (bottom to top). Note how, in each case, part of the wave is reflected at the intersection; but in one case it changes sign (phase) and in the other case it does not.

A new musical instrument that you can make: 
Take a straw and cut the ends to form a V. Flatten the V end of the straw and blow this “trumpet”. You can shorten the trumpet, decrease the wavelength of the standing wave, and increase the frequency of the sound. Try making a sound. As you emit the sound, use scissors to cut ends off the straw. Listen to the different tones.   

Interference of Waves on the Surface of a Liquid
Fasten two pencils together and repeatedly touch the surface of the water at a constant frequency. Observe the interactions of the waves. Can you see any evidence of constructive or destructive interference? Draw a diagram of the resulting interference pattern, indicating the nodal lines (where the water appears calm) and the antinodal lines (where the water oscillates up and down vigorously). If you have a wave-generating machine, double the frequency of the waves and draw the resulting interference pattern.  
Experiment: Resonance-The Velocity of Sound
The purpose of this experiment is to determine the velocity of the sound by using resonance.  The apparatus operates on the principle that when the frequency of a tuning fork is matched by the natural frequency of a closed pipe or an overtone of the pipe’s natural frequency, then that pipe will resonate with the tuning fork and there will be a noticeable increase in the intensity of the sound.  
In this experiment, students listen for this increase in sound and measure the point at which it occurs in order to determine the wavelengths created by the vibration of a tuning fork.
After ascertaining that the length at this point is equal to one quarter of a wavelength, students adjust the length of the tube to find the next several points of increased resonance. After using this data to determine the length of the average half wavelength, students calculate the velocity of sound and determine the frequency of an unmarked tuning fork.  

If you are performing this experiment in a small room, it will be loud and hard to hear the change in the intensity of the sound.  
Reasoning and Problem Solving with Waves
1.    Explain why when rows of soldiers in along column cross a bridge, they are told to stop marching in unison. Does it seem possible that marching in unison could be dangerous? Explain. What can you say about the natural frequency of oscillation of any bridges susceptible to damage?

2. Describe how a playground swing works. Can you transfer energy to the swing while you are on it? If so, how do you transfer the maximum amount of energy to the swing per amount of effort? Analyze a videotape of someone swinging in different ways and see if your explanation is valid.   
The following websites can be useful to teach wave properties
http://www.walter-fendt.de/ph14e/stwaverefl.htm
This website can be used to illustrate standing waves. There is an animation that lets you make changes on the waves. You can see incident, reflected and resultant standing wave and change from a fixed end to a free end. By using slow motion single steps can be observed.
http://www.hazelwood.k12.mo.us/~grichert/sciweb/waves.htm
This website contains wave anatomy, simulations about wave type and applets about wave behavior. Demonstrations of reflection, refraction, transmission and interference of waves are available in it.
http://phet.colorado.edu/web-pages/simulations-base.html
This website helps you learn how to make waves of all different shapes by adding up sines or cosines. You can use the website to; 

· Make waves in space and time and measure their wavelengths and periods. 
· See how changing the amplitudes of different harmonics changes the waves 

· Compare different mathematical expressions for your waves. 
· Watch a string vibrate in slow motion.
· Wiggle the end of the string and make waves, or adjust the frequency and amplitude of an oscillator. 
· Adjust the damping and tension. The end can be fixed, loose, or open. 
· See sound waves. 
· Adjust the frequency, volume, and harmonic content and you can see and hear how the wave changes. 
· Move the “listener” around and hear what she hears. 
· Make waves with a dripping faucet, audio speaker, or laser! 
· Add a second source or a pair of slits to create an interference pattern.
http://www.kettering.edu/~drussell/demos.html
This website contains animations which visualize certain concepts concerning acoustics and vibration and can be used to show stadium waves, sound waves, and longitudinal waves on a string by clicking on What is a Wave? You can see interference standing waves, and beats by clicking Superposition of Two Waves. You can also see moving sound sources and sonic booms by clicking The Doppler Effect. 
http://www.phy.ntnu.edu.tw/ntnujava/
You will find hundreds of physics related java simulations of the following topics on this web site.
· Oscillation and Wave 

· Moving Point source: Doppler effect and shock wave
· The location of supersonic airplane
· Double slit interference
· Superposition Principle of Wave
· Superposition of pulses 

· Reflection and Refraction
· Interference between two waves (point source)
· Transverse Wave and Longitudinal Wave 

· Transverse Traveling Wave
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