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Instructor’s Name:

Course Title: Physics
Unit: Waves
Topic: Tones and Vowels 
Grade Level: High School, 11-12


Rationale: Learn the differences between the waves of a tuning fork and human voice using a microphone sensor. 

NJ State Standards: 

· 5.1.12. A.2; Develop and use mathematical, physical, and computational tools to build evidence-based models and to pose theories.
· 5.1.12. B.2; Show that experimental results can lead to new questions and further investigations.
Instructional Goals: Students will distinguish between low and high frequency waves based on amplitude. The use of a microphone sensor and computer interface will allow students to visualize the amplitude of waves. By the end of the lesson, students will quantitatively evaluate the period of a tuning fork and of the human voice. They will also learn how to use the time interval it takes to have a certain number of cycles to determine the period of a waveform. 
Performance Objective: All students will distinguish between the waves of a tuning fork and human voice by viewing a demonstration with a microphone sensor. Students will be able calculate the period of the tuning fork waveform, and distinguish the FFT spectrum for human voice when two vowels are spoken into the microphone. They will calculate the frequency of each of the tuning forks used.
Lesson Content: 
· Sound wave definition and conversion into alternating current by a microphone.
· Period and frequency of sound waves: introduced through examples of tuning forks and corresponding waveforms. 

· Demonstration of microphone sensor use and visualization of waveforms for two tuning forks (low and high frequency), as well as human voice when two vowels are spoken into the microphone. The microphone is connected to a computer and the interface is Logger Pro. Logger Pro will display the waveform of each sound, and will perform a Fast Fourier Transform (or FFT) of the waveform. The FFT gives the amplitudes and frequencies of a collection of sine waves that, when added together, would sound the same as the original waveform.

· The FFT graph will reveal that human voice is composed of a large number of individual frequencies as opposed to the single frequency observed for a tuning fork. 

· Calculation of period and frequency from the time interval between a certain number of cycles of both tuning forks waveforms.
Lesson Time Frame:

	Time Frame of Activity
	Activity to be Performed

	0-3 minutes
	Focusing Activity 

	5-10 minutes
	Bridge/Connections

	10-20 minutes
	Visual Demonstrations

	20-25 minutes
	Assessment Activity—Student practice 

	25-44 minutes
	Assessment Activity—Calculations

	45-50 minutes
	Closure Activity


Instructional procedures:
A. Focusing event  
Ask the students the following questions:

· Can you give some examples of waves? 

· Did you ever see a wave pattern? 

· When sound is louder, what happens with the shape of the wave?

B. Bridge/ Connections 
 Students express the concept of mechanical wave based on classroom examples and discussion. A PowerPoint presentation is given to the classroom that underlines the whole lesson. They should deduce that when sound is made louder, the shape of the wave changes and the amplitude gets bigger. Students will be asked to observe how the FFT of the wave has a single frequency for a tuning fork, and then compare it to the FFT spectrum of human voice. They should observe that that human voice is composed of a large number of individual frequencies.

C. Teaching procedures 
1. Students express the concept of mechanical wave based on classroom examples and discussion. 

2. Visual Demonstration  - power point presentation
a. Instructor illustrates diagram of a sound wave that has been changed into alternating current by a microphone. Discusses the concept of amplitude, number of cycles and time interval. 

b. Instructor also illustrates the concept of frequency by examples of tuning forks.
c. Instructor identifies mathematical representation of frequency.

3. Visual Demonstration  - Vernier Microphone sensor demo

a. Instructor presents a Logger Pro interface and produces a sound on the low frequency tuning fork in the microphone. The FFT of the corresponding wave is immediately displayed on the screen and one peak is visible for the frequency that corresponds to the tuning fork used.

b. Instructor overlaps FFT graph for another tuning fork, this time of a high frequency type. 
4. Engagement and Assessment 

a. Students will be asked to participate and say the vowels “e” and “o” in the microphone. Spectrum will be overlapped with the two tuning forks. 

b. Students will independently work on their worksheets to calculate period and frequency for both tuning forks. Then the obtained values are compared against the value written on the tuning fork.

c. Students will compare and analyze the difference in spectrum between the tuning forks and human voice when vowels “o” and “e” are said. 

D. Formative check
1. Through student participation, members of class will discuss definitions of mechanical wave, amplitude, period and frequency.

2. The microphone sensor demo allows waveform visualization and enforces the difference between high and low frequency sound waves. 
3. Students will be individually asked to qualitatively and quantitatively distinguish human voice frequencies from tuning forks.

E. Student participation – how will you get the students to participate?

       What will students do to demonstrate their learning?

a. Group discussion with class

b. Group instruction with visual demonstration
c. Students participate in experiment (speaking into the microphone, can be one member per group)  
d. Independent work on worksheets
e. Paired work (optional)
F. Interdisciplinary connections – Through technology students are able to visualize waveforms and accurately identify frequencies of tuning forks. Sounds are translated into waves through a microphone and human voice can be seen into a spectrum of low frequencies. This material also provides students with a real world application of the mathematics they learn in trigonometry.

G. Closure
Instructor will review at the end of class the concept of frequency and will ask the students to write down the difference between low and high frequency, as well as the differences observed between human voice and tuning forks. Students are expected to successfully match their calculations of frequencies to the nominal values of the tuning forks. 
Evaluation Procedures: 

Students will individually calculate period and frequency from the time interval between a certain number of cycles of both tuning forks waveforms. 
For homework, students should complete a set of problems on waves and frequency calculations. Practice problems will be graded. 

Materials and Aids:
Instructor should have the following materials:

	computer
	Vernier Microphone

	LabPro or Universal Lab Interface
	2 tuning forks 

	Logger Pro
	


Instructor should present the Vernier Microphone sensor activity as a demonstration to the classroom and allow students to work in groups. A group representative should come at the instructor’s computer and record data for the calculations or instructor should use fixed intervals for frequency calculations. Ideally, instructor should teach in a computer-lab environment so each group can experience with the microphone. 
Students should be provided with scrap paper and/or calculators, if needed. 
