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Abstract: This paper reviews the wave concept, including both articles and web sites helpful in teaching New York State High School students. There are useful activities, instructions and experiments from different sources. The purpose of one of the article is to share with teachers and other educators the use of the strategies to change preconceptions as applied to physical science topics, like waves, which are difficult for students to understand. Other articles include activities to observe wave motion, and to investigate the relationship among wave speed, wavelength and frequency. Teachers 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. 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, wiggle the end of the string to make waves, or adjust the frequency and amplitude of an oscillator. 
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Literature: There is much literature which discusses how to teach waves. This paper will review some of the literature and present ideas for low cost implementation in the classroom. Where applicable the New York State Learning Standard will be noted. One of the difficulties with learning physics is replacing old understanding with new. As instructors we need to be aware of students’ preconceptions so that we can bring them to the forefront, under conditions in which they fail utterly to explain something that is of sufficient importance to the student that the student will be forced to abandon the prior understanding. 
In his work on Targeting Students’ Science Misconceptions, Joseph Stepans gives a list of “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.”(page 174)
In the same book, the author suggests that the “Sources of Students’ Confusion and Misconceptions are:
· 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.”(page 175)
In the work on String and Sticky Tape Experiments, R. D. Edge suggests two activities to observe wave characteristics. To explain the first activity he says that “The aim of the experiment is to construct a device along which longitudinal waves travel slowly, so that the motion may be followed in detail. Connect sixteen paper clips in a string using sixteen rubber bands, to provide a weak restoring force. To slow the longitudinal wave, attach two marbles to each paper clip with sticky tape. Now, attach both ends to a firm-anchor – you can fasten one end to your desk and hold the other with your left hand. With your right, pull back the last the top of a doorway or some other suitable point. A little tension should be provided at the bottom end. Watch the compressive pulse travel along and be reflected. Then, if you move the marble away from your left hand before releasing, you get a rarefaction traveling down the system. To examine what happens if we have an open organ pipe, attach three or four rubber bands without marbles or paper clips between the far end of the string and the table.”(page 1-2)       
In the second activity students will observe transverse waves by producing pulses reflected from both free and fixed ends, and they will study standing waves. Materials include sticky-tape, about two dozen drinking straws and paper clips. To perform the activity, R. D. Edge tells to “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.”(page 1-3) I tried this activity in my Regents Physics class with much success. The students enjoyed the activity and directly observed the desired wave characteristics. 
There is a prepackaged kit available for students to determine the velocity of the sound. An alternative to purchasing the kit is to make your own from easily available materials. 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 the 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 these 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 noisy and hard to hear the change in the intensity of the sound. 
In the work on Active Physics, to study the relation between the wavelength and the frequency Dr. Arthur Eisenkraft suggests “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.”(page 350)
Another way students can understand properties of waves is by telling a story. This method is suggested by the authors in the book “Minds on Physics.” Two questions are given as “Reasoning and Problem Solving with Waves:
   Ask students to 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?
   A second question is to 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.” (page 159)   
The following websites can be useful to illustrate standing waves. Demonstrations of reflection, refraction, transmission and interference of waves are available. You will find hundreds of physics related java simulations. These activities are directly aligned with the New York State Standard which can be found on http://www.emsc.nysed.gov/ciai/mst/pub/phycoresci.pdf. 
This is the New York State Education Department’s website where Physics Core Curriculum is posted. Teachers can find New York State Standard 4, Key Idea 4.3, and Performance Indicators 4.3 that are related to the wave concept.
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; 

· Create 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 frequency, volume, and harmonic content and you can see and hear how the wave changes. 
· Move the “listener” around and hear what she hears. 

· 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.
· Moving Point source: Doppler effect and shock wave
· The location of supersonic airplane
· Double slit interference
· Superposition Principle of Wave
· Reflection and Refraction
· Interference between two waves (point source)
· Transverse Wave and Longitudinal Wave 

· Transverse Traveling Wave
Conclusion: In this paper I aimed to give examples of models for specific physical systems and processes to teach structure of the waves. I wanted to suggest some inexpensive resources to create a learning environment where students are provided with hands-on activities. Sample questions about physical events are given for writing stories which is an important process of metacognition. Simulations and applets gathered in this paper are beneficial to improve student participation and to promote learning by using technology.
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