Project SHINE Lesson: 

Is Ultrasonic Ultra Clean?
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Instructional Component Used: Waves

Grade Level: 6-8 Middle

Content (what is taught): 

· Definition of sound

· Properties of sound

· Uses of ultrasonic sound waves in business and industry

Context (how it is taught):
· Students create sound-making instruments to observe how vibrations create sound
· Direct instruction of the characteristics of sound waves using power point presentation
· Jewelry cleaning lab – Students compare results of jewelry cleaning cloth, solution, and ultrasonic cleaning system

Activity Description:

In this lesson, students will work in cooperative teams to investigate vibrations, sound waves, and the use of ultrasonic cleaning systems in business and industry.  Students create sound-making instruments to observe how their vibrations create sounds.  Teacher provides direct instruction on the characteristics of sound waves and introduces the ultrasonic cleaning technology used at BD Medical.  Students experiment with ultrasonic jewelry cleaning and compare to other jewelry cleaning methods.  

Standards:  


Math: B1, E3



Science: A1, B3, E2, F5

Technology: B1, C1, F1

Engineering: C4, E2, E5
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Materials List:  

· Rulers 

· Tuning Forks

· Tin Cans

· Waxed paper

· Rubber Bands

· Balloons

Asking Questions: (Is Ultrasonic Ultra Clean?)

Summary:  Students will investigate vibrations, sounds, and sound waves.  
Outline:

· Students hold a ruler so that half the length of the ruler is over the edge of their desk

· Students are instructed to press down on the ruler so that it moves/vibrates

· Students make observations about the motion of the ruler and the sound that it makes.

Activity: Teacher will begin by giving each student a ruler.  The student will extend the ruler off a desk or table so that half the length of the ruler is hanging off the edge.  Holding the ruler in place, the student uses their free hand to press down on the ruler so that it moves/vibrates.  Teacher asks students what they feel or hear.  The student places one ear on their table next to the ruler and repeats the activity.  Teacher asks whether they feel or hear anything different from before.  As students become interested throughout the demonstration ask these questions:

	Questions
	Answers

	What happened when you pressed down on the ruler causing it to move?
	The ruler vibrates.  Students may be able to feel the vibration if they are close to it.

	What happened when you put your ear to the table?
	This time students can hear the sound made by the vibrations.

	How are sounds made?
	Sounds are made by waves traveling through air or other medium.  As the waves vibrate they create sound.

	How do you hear sounds?
	When the sound waves hit your eardrum, it vibrates and the brain interprets these vibrations as sound.

	How does sound travel?
	Sounds are made by waves traveling through air or other medium.  As the waves vibrate they create sound.

	Will sound travel through other mediums?  What other mediums does sound travel through?
	Sound will also travel through water and through the earth’s crust.

	What will happen if you change the length of the portion of the ruler hanging of the table?
	The pitch of the sound will change.

	If you shorten the length of the ruler does the sound get higher or lower?
	The shorter the ruler the greater the speed of the vibrations and the higher the pitch.  Pitch of the sound wave is directly related to the frequency of the wave.

	What materials would make good musical instruments?  
	Students brainstorm materials that would make sound.  (Answers will vary.)




Exploring Concepts: (Is Ultrasonic Ultra Clean?)

Summary:  Students will investigate vibrations, sounds, and sound waves by creating sound-making instruments to observe how their vibrations create sound.
Outline:

· Students will work in pairs to create their own sound-making instruments to observe how vibrations create sound

· Teacher provides a variety of materials for students to experiment with

Activity: In this lesson, students create sound-making instruments to observe how vibrations create sound.  Teacher makes various materials available for students to explore including tuning forks, tin cans, rubber bands, balloons, waxed paper, combs, straws, etc.  Students may also use their vocal cords.  Students record on charts the evidence of vibrations and a description of the sounds heard.  Students should make and experiment with different materials and may make multiple sound-making instruments if time allows.  Students share results with the class.  

Note:  Depending on the level of students, the teacher may demonstrate an example of a home-made sound instrument (e.g. a balloon stretched over a tin can, etc.) prior to students beginning their own exploration.  A number of videos exist online of student made instruments (see resources).

To provide formative assessment of the exploration, ask your students these questions:

· Can you change the sound of your instrument?

· How can you make different pitches?

· Through what does sound travel?

· Can you make a comparison between vibrations and sound?

· What conclusions can you draw about the materials used? 

· What other materials would you like to experiment with?
Resources:

· How to Make a Soundwave Instrument:  http://www.youtube.com/watch?v=wKUZhWmc4ts
· Make an Instrument From a Straw: http://www.youtube.com/watch?v=wNB9Xqqn2YA&NR=1
Sample Table:

	Materials Tested

(Description of Instrument)
	Evidence of Vibration
	Description of Sound

	
	
	

	
	
	

	
	
	


Instructing Concepts: (Is Ultrasonic Ultra Clean?)
Waves

Putting “Waves” in Recognizable Terms:  A wave is a disturbance that travels (propagates) through time and space and transfers energy.  They take on many forms that are recognizable to the naked eye like tidal waves, ripples in a pond, or the ear like sound waves.  These types of waves are called mechanical waves and they travel through a medium (solid, liquid, or gas). Visible light such as the color red is an electromagnetic wave that is recognizable as well, but many of the electromagnetic waves are not visible.  These invisible waves such as radio waves, microwaves, infrared, ultraviolet, x-rays, and gamma rays do not require a mechanical medium and can travel through a vacuum such as the space between stars.
Putting “Waves” in Conceptual Terms:  Waves are a vibration that travels in a direction away from the wave source.  If the vibrations form repetitive patterns they are known as periodic, but if not they are known as non-periodic waves. Two types of periodic waves are transverse and longitudinal (compression).  Transverse waves have particle displacement (vibration) perpendicular to the direction of wave travel (so the wave vibrates the particles up and down vertically, while it moves forward or horizontally) and for some transverse vibrations can produce a sine shaped wave. Longitudinal (compression) waves have particle displacement (vibration) parallel to the direction of travel (so the particles vibrate horizontally along with the wave as it travels forward, such as in a sound wave. 

Putting “Waves” in Mathematical Terms: Periodic waves have several characteristics that can be measured including: amplitude, wavelength, period, and frequency.  The amplitude and wavelength are measured at different locations for a transverse or longitudinal wave (See diagram). The amplitude measures the distance the medium particles move from the rest position and is an indication of the amount of energy a wave carries. On a transverse wave, amplitude is measured from either the crest to rest position or trough to rest position, but on a longitudinal wave, the length of the compression is measured. The wavelength “λ” (lambda) measures the distance between two equivalent wave points with similar motions such as from one crest to another crest.  The period “T” of a wave is the time required for one full wavelength to pass a certain point or the time for one complete oscillation of a single point.  The frequency “f” of a wave is the reciprocal of the period (f = 1/T) and represents the number of wavelengths (oscillations) that pass in one unit of time or cycles per one second (# of waves/1 second). The unit of frequency is 1 hertz (Hz) = 1 cycle / second. If one wavelength of a wave passes by in 0.25 seconds or ¼ of a second then 4 waves can pass by in one second. The speed of a wave can be calculated using the formulas Speed = frequency * wavelength (s=f*λ) or using the reciprocal of frequency Speed = wavelength/period (s = λ/T).

Putting “Waves” in Process terms:  All waves can exhibit reflection, refraction, and interference. Standing waves are a prime example of reflection and destructive interference. Unlike traveling waves, a standing wave is confined such as on a guitar string. If vibrated at the right frequency the wave will reflect back upon itself creating points in the wave that appear to stand still due to destructive interference. (see diagram).  Transverse waves can exhibit polarization as well.  They are able to move in two-dimensions such as if a string was anchored on one end and you moved a string side to side (one-direction), then moved the string up and down (another direction), now move the string counter clock wise forming a left-handed helix (two-dimensions).  Electromagnetic waves or light are capable of moving in two-dimensions or having polarization.  

Putting “Waves” in Applicable Terms:  Waves are all around us in the world.  They give us light, sound, produce mechanical energy (tidal waves), heat our foods (microwaves), and numerous other applications.   An entire branch of physics is devoted to the study of waves and their applications and uses.
Attachments:  I_Sci_25_Waves_I_Diagrams.doc

Organizing Learning: (Is Ultrasonic Ultra Clean?)

Summary: Students will apply the terms pitch, tone, frequency, and intensity to sound.  Students will investigate the use of high frequency ultrasonic sound waves in a variety of cleaning systems/processes used in business and industry.

Outline:

· View PowerPoint presentation on waves and sound

· Jewelry Cleaning Lab - Students compare results of jewelry cleaning cloth, solution, and ultrasonic cleaning system
Activity: In this lesson, students will investigate the use of high frequency ultrasonic sound waves in a variety of cleaning systems/processes used in business and industry.  Students will view the PowerPoint presentation on waves and sound (see resources).  Teacher will follow this with a video (see resources) and discussion on the use of high frequency sound waves in a variety of cleaning systems/processes used in business and industry.  Students will work in cooperative groups of 2-4 to experiment with three jewelry cleaning systems/processes.  The first is a jewelry cleaning cloth, the second is a jewelry cleaning solution (soak), and the third is an ultrasonic jewelry cleaning system that uses high frequency sound waves in the process.  Students will evaluate the cleaning results using a comparison scale.

Resources:

· PowerPoint (Sound at http://pppst.com): http://science.pppst.com/sound.html
· Jenfab Cleaning Systems Site and Video (used by BD Medical):

· http://www.jenfab.com/
· http://www.jenfab.com/video.php
Attachments:

· Figure of Industrial Capacity Ultrasonic Cleaning System (used at BD Medical):  S108_SHINE_Is_Ultrasonic_Ultra_Clean_O_diagram.doc

How clean did each piece of jewelry get?  Compare the cleaning processes you used below.

	Cleaning Process
	No Noticeable Difference
	A Little Cleaner
	Very

Clean
	Looks Like New
	Other Comments

	Jewelry Polishing Cloth
	
	
	
	
	

	Jewelry Cleaning Solution
	
	
	
	
	

	Ultrasonic Cleaning System
	
	
	
	
	


Understanding Learning: (Is Ultrasonic Ultra Clean?)

Summary: Students will apply the terms pitch, tone, frequency, and intensity to sound.  Students will investigate the use of high frequency ultrasonic sound waves in a variety of cleaning systems/processes used in business and industry.

Outline:

· Formative assessment of waves

· Summative assessment of waves

Activity: Students will complete written assessments about their understanding of waves.
Formative Assessment: As students are engaged in the lesson ask these or similar questions:

1) How do waves travel through different substances?

2) What are the properties of a wave?
3) How does sound travel when you have a conversation with your friend?

4) At what point can we no longer hear sound waves?

Summative Assessment: Students can answer the following writing prompts:
1) What is the relationship between frequency, wavelength, and wave speed? 

2) How are sounds created and how do wave phenomena explain the behavior of sound?

3) How does a musical instrument change its pitch?  Be sure to include a reference to waves in your explanation.

Students can answer the following questions related to the lab they completed:

1) Compare the cloth and soaking solution to the ultrasonic jewelry cleaning system.  How are sound waves being used?  

2) Compare this to the console cleaning system at BD Medical.  Explain the use of high frequency sound waves in business/industry and give two reasons for investing in this type of cleaning system?
3) Can you think of other business/industry applications for high frequency sound waves?  Do you have anything in your home that works this way or can you think of a use for this application in your home?
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