	[bookmark: _GoBack]Name of Unit:  Noise Pollution & Sound: Modeling Noise in a High School Cafeteria  

Approximate Time Frame: 5 Days

	OVERVIEW: Computer modeling of sound waves adding together to culminate in ear damage.  Designed to include a junior- or senior-level science class.  Anatomy and physiology of the human ear, diversity and unity of animal ears, and the mechanics of sound waves can be addressed to make the unit accommodate Anatomy and physiology, Biology, Physics, or Environmental Science.


	STANDARDS ADDRESSED IN THIS UNIT

	CTAE Standards
AP Computer Science:
APCS: I. Object-Oriented Program Design
Program design: Read and understand a problem description, purpose, and goals.
2. Apply data abstraction and encapsulation.
APCS: II. Program Implementation
Techniques & Constructs
A1b. Methodology: Top-down development
1d. Procedural abstraction
B. Programming constructs: All
4. Control: Methods, Sequential, Conditional, Iteration
APCS: III. Program Analysis
Develop test cases, debug programs
-- OR --
PGAS5 - Use different digital representations of media.
5.2 Explain the relative strengths and weaknesses of different representations of music and sound.
5.3 Use computational thinking practices to manipulate images and sounds captured from the real world.
5.4 Write a program to modify an image and sound for use in an app or game.
5.5 Research and create tools and techniques to manipulate media at different levels of abstraction.
	Science Standards
Anatomy and Physiology:
SAP1.Students will analyze anatomical structures in relationship to their physiological functions. 
OR
Environmental Science:
SEV3.a.Describe interconnections between abiotic and biotic factors.
SEV5.e.Describe the effects and potential implications of pollution and resource depletion on the environment at the local and global levels.
OR
Physics:
SP4.Students will analyze the properties and applications of waves. 

OR 
AP Biology:
Essential knowledge 1.B.1:  Organisms share many conserved core processes and features that evolved and are widely distributed among organisms today.
Big Idea 3:  Living systems store, retrieve, transmit, and respond to information essential to life processes.
Essential knowledge
3.D.3:  Signal transduction pathways link signal reception with cellular response.
	Math Standards
MCC9‐12.F.IF.5 Relate the domain of a function to its graph and, where applicable, to the quantitative relationship it describes.
MCC9‐12.F.BF.5Understand the inverse relationship between exponents and logarithms and use this relationship to solve problems involving logarithms and exponents.
MCC9‐12.F.IF.8b Use the properties of exponents to interpret expressions for exponential functions






	ENDURING UNDERSTANDINGS

	Computer Science: The computer’s ability to model natural phenomena is a powerful tool. Object-oriented programming facilitates modeling natural phenomena and representing the phenomena digitally. Existing code libraries are a critical resource in programming.

Science: The cochlea of the inner ear contains water and tiny cells that transmit signals from sound waves to the brain via the eardrum.  

Math: Logarithmic and exponential models are used to interpret real world phenomena. There is a relationship between logarithms and exponential functions.


	ESSENTIAL QUESTIONS

	Computer Science: How can computers emulate natural phenomena such as sound? How can echoes be replicated? How is existing code used to by people who did not originally write the code?

Math: How can logarithms be used to help us solve problems and understand extremely large and extremely small numbers?

Science: Describe how the eardrum propagates sound signals to the brain.  What happens when the ear is exposed to high-amplitude sound waves over time?

	


	CONCEPTS

	Computer Science: The digital representations of sound can be modified to create new and different sounds. Object-oriented programming is a useful technique for encapsulating items in the real world. Computers make it possible to model many scenarios and phenomena that would otherwise be difficult or dangerous to model. API’s, method headers, and other documentation are used to determine whether existing libraries can be used to meet programming needs.  

Science: Sound and hearing have concrete foundations in physical principles.  Ear damage from noise can be predicted based on mathematical formulae.

Math: Some nonlinear relationships can be modeled using logarithms. Mathematics can be used to determine intensities of sound patterns.


	MISCONCEPTIONS
	PROPER CONCEPTIONS 

	Computer Science:
1. It is not ethical to reuse code.
2. It is ethical to use anything that is online as if it is yours.

3. Results from programs are temporary.


Math:
1. Relationships are linear.
2. Logarithms have no use in today’s world.

Science:
1.  Sound and hearing are magical.
2. Hearing damage is an unavoidable part of aging.
	Computer Science:
1. Code re-use is a standard practice.
2. It is not ethical or legal to use copy-righted or licensed code without permission from the holder of the copyright or license.
3. Files generated by a program can be saved on a storage device. 


Math:
1. Logarithmic scales allow comparison of data that varies largely to be expressed simply. 
2. Logarithmic functions are the inverse of exponential functions.

Science:
1.  Sound and hearing have a physical basis in science.
2. Hearing can be protected from damage.

	LANGUAGE:

	Computer Science: Media, computation, iteration, loop control variable, loop, sample, sound, constructor, file handling, waves, noise pollution

Science:  Noise pollution, sound wave, eardrum, cochlea, propagation of waves

Math: logarithms, logarithmic scales, decibel, exponential functions, exponents


	EVIDENCE OF LEARNING 

	Assessments:

Computer Science: Students’ working programs demonstrate successful use of the Sound, SimpleSound, and SoundSample classes. Students’ working programs demonstrate successful file handling and data conversion. Students’ working programs generate echoes and new sounds, demonstrating students’ understanding of how to incorporate amplitude and composition of functions into modifying sound files.

Science: Students can describe/predict the impact of noise pollution on hearing.  Students translate pressure curve shapes into descriptions of sounds in terms of pitch and magnitude.

Math: Students will be able to predict noise level (measured in decibels) by knowing the intensity of the noise.

Culminating Activity: 


	TASKS

	The collection of the following tasks represents the level of depth, rigor, and complexity expected of all students to demonstrate evidence of learning.

	Task(s):

Computer Science: Use media conversion programs and microphones to manipulate or create sound files. Write java programs to open files, explore sound, manipulate sound and interpret results. Write java programs to generate echoes and to create noise by combining sounds.

Science: Build eardrums that are optimized for different pitch ranges.  Demonstrate the eardrum models’ response to mixed sounds of growing intensity.

Math: intensity task; (earthquake activity available for extra practice); 
STEM Activity






	Delivery Mechanism Suggestions

Suggestion 1: Individual teachers teach sessions, with the culminating assessment being worked on in all three classes.




	Sequence of Instruction


	Day 1

	
	CTAE Instruction
	Science Instruction
(Anatomy or Physics or Environmental Science)
	Math Instruction

	Day 1
	Opening: Bell-ringer: Post a Daily Coding Question for students to answer in 2 minutes on the Daily Code Answer Sheet (teacher  checks sheets that day and has them ready for start of next class)

Work Session:  Using the background section of the Teacher Guide: Noise Pollution Lab as a reference, the teacher leads an exploration of sounds and sound encapsulation in the media computation files used for this lab. Open sounds in a program; use objects and loops to explore the sounds (wav files). Learn to write files to disk. Lunch work: students analyze “noise” in the cafeteria: what sounds do they hear? What number of people or things makes those sounds? How often do those sounds occur?

21st Century Skills Application:
Java programming, sound manipulation.

Differentiation:  Each student chooses to work with different sounds.  

Formative Assessments: Daily coding, code checks.

Closing/Assessment:  Teacher walks around lab, viewing student programs and listening to sounds generated.
	
Bell Ringer and formative assessment:  Describe hearing and noise.
Notes:  Overview of the anatomy of the ear and description of noise pollution.
Activity:  Tuning fork exercise
Summary:  


	
Logarithmic instruction should be ongoing. 

Introduction of discussion of big versus small numbers: review scientific notation as needed. (NOTE: as this is the first math course utilizing graphing calculators extensively, scientific notation symbols and entry may need to be taught)  - using the metric system as a reference of how large and small numbers are compared.

Suggestion: Math 3 frameworks task from Unit 3 parts 1-3.


	

	Day 2
	Opening: Bell-ringer: Daily Coding Question

Work Session:  Students design and implement a program to change the volume of a wav file. Students explore the graphic representation of sound. Students discuss noise pollution and determine what characteristics of the cafeteria create noise pollution (overlapping sounds, echoes, etc.). Students develop theories on how to simulate the noise in the cafeteria. Students develop algorithms and write code to add sounds together. Students find copyright-free and royalty-free foley files or record sounds to use to create noise in their program. 

21st Century Skills Application:
Program specifications, manipulating sound files, generating electronic sounds, foley files, converting formats.

Differentiation:  Students choose to use foley files or generate their own files for generating noise.

Formative Assessments: Daily coding, quick code checks.

Closing/Assessment: Quick check of student programs: Each student runs their program, playing new sounds which they generated.
	Bell Ringer:  Quiz over notes and vocabulary.
Work:  Introduce inquiry topic, materials, etc.  Students manipulate materials.  
Homework:  Prepare a design plan
	Discuss numbers – large and small (if students are in or have had Chemistry, Avogadro’s number vs moles is good place to start) –transition to everyday language: national debt vs monthly bills is a good example 

Comparative scales – promote discussion about comparing large differences

Introduce sound task


	Day 3
	Opening: Bell-ringer: Daily Coding Question

Work Session:  Students develop algorithms and write code to create echoes. 

21st Century Skills Application:
Sound generation

Formative Assessments: Daily Coding 

Closing/Assessment: Quick check of student programs: Each student runs their program, playing new sounds which they generated.
	Investigation day.  Implement design, collect data. Homework:  Data processing, conclusions, and evaluation of methods.
	Complete sound task

	Day 4
	Culminating assessment: Students write a program to create noise, using wav files they created/recorded or found on foley sites on the internet, statistics from the cafeteria, and the programs they have wrote earlier in this unit. Students use the math formulas to generate statistics in their programs and other information to be used in the essay they are writing in statistics.
	Culminating assessment:  In-class essay.  Describe how hearing works and how exposure to noise can impact hearing.
	Additional practice available with earthquake task

	Day 5
	Continue culminating assessment
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[bookmark: notessara]NOTES ON NOISE AND LIGHT POLLUTION

1. What is sound?




2. What are your favorite sounds?




3. What kinds of sounds might alert you?



4. What kinds of sounds can you feel?




[image: ]
5. What are the three sections of the inner ear?



6. What is inside the cochlea?



7. What does exposure to loud or prolonged noise do?



8. What is noise pollution?



9. Describe at least three sources of noise pollution.



10. What is a decibel (dB)?


	Type of Sound
	Decibel dB(a)/(c)
	Hearing Effect

	Jet Takeoff
	150
	

	Boom Car
	140
	

	Train Horn
	130
	

	Car Alarm
	120
	

	Leaf Blower
	100
	

	Motorcycle
	90
	

	Traffic Noise
	80
	

	Vacuum Cleaner
	70
	

	Classroom Activities
	60
	

	Conversation
	50
	

	Whisper
	30
	

	Breathing
	20
	



11.  How should you protect your hearing?


[bookmark: backgroundsara]Background information:


Materials:
Rubber stopper
Tuning fork
two students

Procedure A:
1. Ask yourself this question, what is the relationship between
loudness and the distance between the ear and the source of the
sound?
2. Hit the rubber stopper lightly. Listen to the sound.
3. Hit the rubber stopper again, strongly.
4. Observe and listen to the sound.
5. Discuss the difference in sound.

Procedure B. Why does sound decrease in loudness with distance?
1. Have one student stand very close to tuning fork.
2. Hit the fork on the stopper.
3. Have the student move further away and hit the stopper again.
4. Have them describe their ‘listening’ responses.



[bookmark: eardrummodelsara][bookmark: eardrummodelsara2]Eardrum model inquiry lab

Objective:Build eardrums that are optimized for different pitch ranges.

Materials:
Round objects (ex.  Tin cans, hula hoops, bowls of various sizes, buckets)
Membrane materials (ex. Balloons, wax paper, parafilm, rain poncho, large sheet of vinyl)
Something to hold the membrane to the object (staples, tape, rubber bands)
Something light that will bounce (ex. Dry rice grains, the paper circles caught by your hole puncher, confetti, oatmeal)
Sound-making devices (ex. Musical instruments, tuning fork, dog whistle, vacuum cleaner)

Procedure:
Student-driven procedure.
Tips:
1. Students should be sure to stretch the membrane material tightly over the round object without anchoring directly to the membrane and, thus, compromising the vibration.  (Example:  To attach the rain poncho to the hula hoop, the student will not want to wrap the material around and anchor the vinyl to itself, he/she will need to staple or tightly tape the material to the actual hula hoop.)
2. Rice grains are laid on the membrane so that the vibration can be visualized.
3. Students should be encouraged to collect QUANTITATIVE data of some kind.  (ex.  How close do I need to generate the sound to see a vibration?, What is the maximum frequency of the pitch that makes a vibration visible?)

Data analysis:
Numbers should be processed in some way:  graphed, averaged, compared

Conclusions:
Use the internet to determine sizes of different eardrums in different organisms as well as the animals’ pitch ranges, etc.



[bookmark: teacherguidesuzy]Teacher Guide: Noise Pollution Lab

1. Students should be talking about the properties and characteristics of sound in math and science. You may want to take a few minutes to reinforce the background concepts before starting the lab.

Background
We are going to model noise pollution in a high school cafeteria. Under the heading “What is Noise Pollution”, the EPA website, http://www.epa.gov/air/noise.html, states “the traditional definition of noise is ‘unwanted or disturbing sound’.  Sound becomes unwanted when it either interferes with normal activities such as sleeping, conversation, or disrupts or diminishes one’s quality of life.  The fact that you can’t see, taste or smell it may help explain why it has not received as much attention as other types of pollution, such as air pollution, or water pollution.  The air around us is constantly filled with sounds, yet most of us would probably not say we are surrounded by noise.  Though for some, the persistent and escalating sources of sound can often be considered an annoyance.  This ‘annoyance’ can have major consequences-- primarily to one’s overall health…Noise pollution adversely affects the lives of millions of people.  Studies have shown that there are direct links between noise and health.  Problems related to noise include stress related illnesses, high blood pressure, speech interference, hearing loss, sleep disruption, and lost productivity.  Noise Induced Hearing Loss (NIHL) is the most common and often discussed health effect, but research has shown that exposure to constant or high levels of noise can cause countless adverse health effects.”

In this unit, we are going to use (with permission from the authors) a collection of java media classes developed by Barbara Ericson and Mark Guzdial (Georgia Tech). These classes and tools, which are available at http://coweb.cc.gatech.edu/mediaComp-plan/101, encapsulate sound and facilitate experimentation with and modification of wav files. You will need to download and unpack http://coweb.cc.gatech.edu/mediaComp-plan/uploads/101/bookClasses-3-9-10.zip and http://coweb.cc.gatech.edu/mediaComp-plan/uploads/101/mediasources-no-movies-7-30-06.zipbefore starting the unit.

As the students have discovered in science, sounds are waves. The amplitude of a sound wave is a key component in a sound’s volume; the frequency is a key component in the pitch. If students choose to perform calculations related to the intensity of sound when they do the culminating activity, they will probably focus on the relationship intensity is proportional to the amplitudesquared( I = ka2).

We are going to use functionality provided by the SimpleSound, Sound and SoundSample classes to add different sounds together to generate noise in the same manner that noise builds in the cafeteria. We will also add echoes into sounds. Students will decide whether to incorporate these functionalities when they generate noise electronically.

2. The CompMedia folder needs to be accessible to students. If necessary, show students how to add a path to their IDE so that students don’t have to navigate too far and file names do not get too large in the code students write. It is also helpful to move the wav files from the Georgia Tech resources to a file for students to work from or have students put several wav files in a folder which is easy to access.

3. http://www.freesfx.co.uk/soundeffects/foley is a good source for free sound effects and foley files. There are many other online sites with great free/royalty-free sound files. Audacity, http://audacity.sourceforge.net/, is a good free tool for converting files to wav format and for editing sound files. 

4. Using the ExploringNoiseLab.java file and the Reference Page for Sound Files, help students learn the basics of working with sound files. Students should learn how to:

· Write a simple driver which allows the user to navigate to a wav file on their computer and choose a file usingFileChooser
· Open a file using an explicit file name
· Convert a wav file to a sound file via the sound constructor
· Play sounds
· Explore sounds
· Write a loop to play a sound several times in a row, using the blockingPlay method
· Write a sound to disk, using the write(String fileName) method (Note: the write() command writes to the current directory unless another a path is explicitly stated in the filename)

5. Assign lunch-work (as opposed to homework): Before the next class session, students analyze and document “noise” in the cafeteria: What sounds do they hear? What number of people or things makes those sounds? How often do those sounds occur? Students create a table from the lunch-work. The table will be used during the design and production phase of the culminating activity.

6. After exploring sound as demonstrated in ExploringNoiseLab.java, use ChangingSoundsLab.java to teach students to:
· Get a list of soundSamples from a sound object
· Change the volume of a sound by changing the amplitude of a soundSample at a given index using the sound methods setSampleValueAt(intindex, int value) and getSampleValueAt(index)
· Generate new sounds by adding sounds together

7. Next, help students write an algorithm and code to create echoes by adding in quieter versions of a sound at set intervals in the sound.

8. Students should use incremental development and complete their test plans as they implement the code.

9. When coding is complete and students are able to open files, change sounds, and combine sounds, students are ready to work on the culminating task.

10. For the culminating task, students use their analysis of noise in the cafeteria, either foley or self-recorded files, and the sound, soundSample, and simpleSound classes to create, analyze and report on a model of noise pollution in a high school cafeteria.  

11. Computing deliverables for the culminating task include:

·  Lunch-work analysis of noise in the cafeteria:  10 pts
· Design of noise pollution model: 10 pts
· List of wav files used to generate model: 10 pts
· Printout of code for noise pollution model: 15pts
· Wav file of noise pollution generated: 15pts
 Modify the points (and the information in the lab) to reflect any modifications you make to the work. 


[bookmark: dailycodingsuzy]Daily Coding Questions

Daily coding questions are used as a quick, formative assessment. Students and the teacher get a quick idea of what the students understand. This information is used for differentiation, flexible grouping and adjustment of lesson plans on a daily basis. The process for the daily coding questions is:
· Students have a coding answer sheet with room for 5 questions
· The daily coding question is displayed as students come into the room
· Students have until 2 minutes after the bell rings to complete and turn in the answer sheet
· The teacher goes over the answer to the daily coding question
· After class, the teacher checks the daily coding questions (10 minutes for a class of 29) 
· Daily coding sheets are put back in the student portfolio/folder for students to pick up as they come into class the next day
· In my class, daily coding counts as mandatory extra credit. Each correct question counts as 0.5 point extra credit on the next test. The only way daily coding can hurt a student’s grade is if the student does not do the daily coding. In that case, they lose 1 point off of the next test (for each question they do not attempt)

Questions
1. Write a line of code which generates a random integer between 800 and 900, inclusive, and stores it in an int. Use Math.random(), not the Random class.
2. Write a block of code which prints out every 5th integer starting with the intstart.
3. Write a header for the method createEcho. createEcho accepts a Sound object and an integer numEchoes. It returns a Sound object containing the new Sound.
4. Write an enhanced for-loop which doubleseach intvalue in the list numList.
5. Write a for-loop which uses the methods getValue() and setValue (int update) to subtract 60 from each SoundSample in the list mySounds.


Name:  _______________________________________		Start Date: ____________
Extra-Credit Earned:  _____________
	Date:  ________________









	Date:  ________________










	Date:  ________________









	Date:  ________________










	Date:  ________________












[bookmark: exploringnoisesuzy]
//*******************************************************************************
//     ExploringNoiseLab.java - This lab uses java files and media files found at 
//http://coweb.cc.gatech.edu/mediaComp-plan/101 (from Georgia Tech's Mark Guzdial
//and Barb Ericson's media computation approach to teaching program to 
//encapsulate sound and facilitate experimentation with and modification of wav 
//files.
//Explicit filename example: “c:\\Users\\YourName\\Desktop\\beautifulNoise.wav”
//FileChooser filenames do not include the path - the 
//*******************************************************************************

public class ExploringNoiseLab
{
public static void main (String[] args)
  {
    //Demonstrate using FileChooser to browse to a file
    String fileName = FileChooser.pickAFile();   //must be a wav file
System.out.println(fileName);                //demonstrate what FileChooser generates

    //Demonstrate explicit file naming... modify the name so that it works for your files
    String sound1FileName = "C:\\Users\\Suzy\\Desktop\\wavFiles\\croak.wav";
    Sound sound1 = new Sound(sound1FileName);

    //Print a sound file
System.out.println(sound1);

    //look at sound file
sound1.explore();

    //Experiment with writing sound files. Look and see where each file is stored
sound1.write("noisePollution.wav");          //be careful of directory
sound1.write("C:\\Users\\Suzy\\Desktop\\WavFiles\\noisePollutionDT.wav");

    //play versus blockingPlay... run with 1 form, then comment out and run the
    //other option

    //for (inti = 0; i< 5; i++)
    //  sound1.play();

for (inti = 0; i< 5; i++)
sound1.blockingPlay();

   }
}


[bookmark: soundreferencesuzy]Reference Page for Sound Labs
(For use with Barb Ericson and Mark Guzdial’sfiles and programs)

File Handling Commands and Examples 
String FileChooser.pickAFile( )          //Opens browser window and returns filename (including
path) as a String
Constructors
Sound (String fileName)                      //converts wav file to format usable in these programs

Sound methods
SoundSample [] getSamples( )	       //converts sound object to modifiable samples
void explore( )                                   //opens a program for exploring sound files graphically and
numerically
String toString()                                //returns the name of the sound file and the number of samples
void write(String filename)	      //Converts sound file to wav format and writes to disk with
name/location specified in parameter. Writes to the current 
directory if the path is not specified.
               Sample line of code:  sound1.write(“c:\\Users\\YourName\\Desktop\\beautifulNoise.wav”);
void play( )			     //play sound
voidblockingPlay( )                        //play sound file and don’t let other sound files play until this one ends
voidsetSampleValueAt (int index, int frequency)
intgetSampleValueAt (int index)  //returns the frequency at index




[bookmark: changingsoundssuzy]//*******************************************************************************
//     ChangingSoundsLab.java - This lab uses java files and media files found at 
//http://coweb.cc.gatech.edu/mediaComp-plan/101 (from Georgia Tech's Mark Guzdial
//and Barb Ericson's media computation approach to teaching program to 
//encapsulate sound and facilitate experimentation with and modification of wav 
//files.
//*******************************************************************************
public class ChangingSoundsLab
{
public static void main (String[] args)
  {
    String sound1FileName = "C:\\Users\\Suzy\\Dropbox\\MySTEMLessonPlansFiles\\NoisePollution\\CompMedia\\WavFiles\\croak.wav";
    Sound sound1 = new Sound(sound1FileName);
    Sound orig1 = new Sound (sound1FileName);    //preserve original sound
    String sound2FileName = "C:\\Users\\Suzy\\Dropbox\\MySTEMLessonPlansFiles\\NoisePollution\\CompMedia\\WavFiles\\preamble.wav";
    Sound sound2 = new Sound(sound2FileName);
    Sound orig2 = new Sound(sound2FileName);
System.out.println(sound1 + "top");

SoundSample[] sound1Array = sound1.getSamples();  //convert file to modifiable samples
SoundSample[] sound2Array = sound2.getSamples();  //convert file to modifiable samples

    //Experiment with volume

sound1.explore();                                           //before
for (int index = 0; index < sound1Array.length; index++)
sound1.setSampleValueAt(index, sound1.getSampleValueAt(index)*2);  

for (inti = 0; i< 5; i++)
sound1.blockingPlay();
sound1.explore();                                  //compare to before
   //Experiment with adding (compositing) sounds
for (int index = 0; index < sound1Array.length && index < sound2Array.length; index++ )
sound1.setSampleValueAt(index, orig1.getSampleValueAt(index) + sound2.getSampleValueAt(index));

for (inti = 0; i< 5; i++)
sound1.blockingPlay();
sound1.explore();

  //Generate 2 echos at intervals of 2000
sound2.blockingPlay();
  Sound echoes = new Sound (sound2FileName);
for(int index = 2000; index < sound2Array.length; index++)
  {
sound2.setSampleValueAt(index, orig2.getSampleValueAt(index)+(int)(orig2.getSampleValueAt(index - 2000)*.6));
if (index >= 4000)
sound2.setSampleValueAt(index, orig2.getSampleValueAt(index)+(int)(orig2.getSampleValueAt(index-4000)*.2));                           
  }
sound2.blockingPlay();
sound2.write("noisePollution.wav");          //be careful of directory
}
}

[bookmark: soundintensity]Sound Intensity Lesson Task				Name ________________

For a sound with intensity,I (in watts per square meter), the loudness Lof the sound (in decibels) is given by, the function

whereI0 is the intensity of a barely audible sound (about 10—12 watts persquare meter).

1. By about how many decibels does the loudness of a sound increase when its intensity doubles?


2. The typical alarm clock alarm has an intensity of I = 10-3.9 watts per square meter. Find the loudness of the alarm.


3. What is the intensity of a noise that has a loudness of 120 decibels?


4.  You whisper at a loudness of 15 decibels, while you talk in normal conversation at a loudness of 60 decibels. About how many times greater is the intensity of a normal conversation than a whisper?


5.  At which intensity levels will the loudness of a noise exceed 130 decibels? (the level at which immediate damage can occur)



Extension: Research ways to protect your ears and your hearing. Write a single page paper on either methods of protecting one’s hearing or on scientific methods being developed to restore hearing.


Sound Intensity Lesson Task	SOLUTIONS		Name ________________

For a sound with intensity,I (in watts per square meter), the loudness Lof the sound (in decibels) is given by, the function

whereI0 is the intensity of a barely audible sound (about 10—12 watts persquare meter).

1. By about how many decibels does the loudness of a sound increase when its intensity doubles?  By about 10


2. The typical alarm clock alarm has an intensity of I = 10-3.9 watts per square meter. Find the loudness of the alarm. 81 dB


3. What is the intensity of a noise that has a loudness of 120 decibels?
Students may need to use guess and check or approximate – depending on the material already covered. (I = 1) 

4.  You whisper at a loudness of 15 decibels, while you talk in normal conversation at a loudness of 60 decibels. About how many times greater is the intensity of a normal conversation than a whisper?
About 104.5 greater or ~31,622 times greater

5.  At which intensity levels will the loudness of a noise exceed 130 decibels? (the level at which immediate damage can occur) I>10


If log properties are taught, extensions open up utilizing the manipulation of the formula by condensing it and then using exponent rules.


Name: ___________________________
[bookmark: earthquake]Logarithmic Scales- Earthquakes

An example of logarithms at work is the Richter scale, named after Charles F. Richter (1900-1985).  The Richter scale is used to measure the strength of an earthquake.  It is a logarithmic scale based on the powers of ten.  The table below gives the effects of earthquakes of various intensities. (Genovese)

 (
1
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10
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10
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10
4
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Effect


The 1906 San Francisco earthquake measured 8.3 on the Richter scale.  The Loma Prieta earthquake that interrupted the 1989 World Series in San Francisco measured 7.1.  Oklahoma has had small earthquakes for as long as there have been records of them. The number of earthquakes varies from year to year. Most of the earthquakes are too small for people to feel. Earthquakes large enough to cause damage are rare.


On the Richter scale, the magnitude, M of an earthquake depends on the amount of energy, E, released by the earthquake as follows:  



M = log 

The amount of energy, measured in ergs, is based on the amount of ground motion recorded by a seismograph at a known distance from the epicenter of the quake.  

1.  In 1976, an earthquake that released about 8 X 1019 ergs of energy occurred in San Salvador, El Salvador.  Find the magnitude, M, of this earthquake to the nearest tenth.




2. An increase of one unit on the Richter scale corresponds to multiplying the energy of a quake by what number?



3.  To what factor does an increase of two units on the Richter scale correspond to?



4. How many times more intense is an earthquake with a Richter magnitude of 6.5 than one with magnitude 4.2?



5. The strongest earthquake on record occurred in May of 1960 in Chile. It registered 9.5 on the Richter scale. How much energy, E, was released by this quake? (you need to graph or use log properties)





6. In August of 2011, an earthquake measured 5.8 on the Richter scale. How much more powerful was it than the Chilean earthquake mentioned in #5? 





7. The strongest quake in Georgia measured 4.5 on the Richter scale back in 1914. Would this be considered strong? Why or why not? 



 (
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MODELING NATURAL PHENOMENA ON EARTH LEARNING TASK:

NASA has decided to send astronauts to explore Exponentia, a new planet recently discovered
by NASA astronomers. Both the astronauts and the scientists realized that many preparations
must be made before the trip. For one thing, the astronauts need to get their lives, including their
financial situations, in order. And, in preparation for comparing the characteristics of Exponentia
with natural phenomena on Earth, the scientists need to revisit, as two examples, how sound
travels and how earthquakes are measured.

1. NASA must ensure that the astronauts have sufficient drinking water while they are
traveling to Exponentia. Part of the scientists’ jobs is to test the pH of the water that is to
be stored on the space shuttle.

pH is a measure of number of hydrogen ions, [H'], in a substance and measures how
acidic or basic (alkaline) a solution is. When measuring pH, we often talk of measuring
the acidity of a solution, assigning pH numbers between 0 and 14 that show relative
acidity. A solution that has a pH less than 7 is acidic and a solution that has a pH greater
than 7 is basic. A solution with a pH of 7 is neutral.

[H'] is usually a very large or very small number. Because logarithms can be used to
represent very large or very small numbers, we can use logarithms for this conversion.
The pH is the negative logarithm of the concentration of free hydrogen ions, measured in
moles per liter (moles/L). The conversion formula is pH = -log [H'] *

a. Consider the general common logarithmic function, f{x) = log x. How will the
graph of the pH conversion function, g(x) = - log x, differ from the graph of f{x)?
Specifically, how, if at all, are the domain, range, intercepts, asymptotes,
increasing/decreasing changed? What kind of graphical transformation is this?

b. If water has a pH of 5, what is the concentration of hydrogen ions?

PpH = - log [H'] so we have 5 = - log [H']. Rewrite this equation as an exponential
equation. Then solve the equation.

What if the water has a pH of 7? How does the concentration of hydrogen ions
compare? Explain why your answers make sense.

c. The normal [H'] range for drinking water is between approximately 10 and 3.16
x 10°. What is the approximate pH range?

2 Information about acidity was gathered from a variety of web resources, including Wilkes University (www.water-
rescarch.net/ph.htm) and the Georgia Cooperative Extension Service
(http://pubs.caes.uga.edw/caespubs/pubs/PDF/B1242-3 pdf).
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d. The rover that was sent to test out the surface of Exponentia brought back a
sample of a substance whose concentration of hydrogen ions measured 10™. Is
this more or less acidic than our water? Explain. (Find the pH level of the
substance.)

2. The explorer rover sent to Exponentia experienced planetary tremors similar to what we
call carthquakes. The NASA scientists decided to train the astronauts to understand
carthquake measurements in case they experienced these tremors while on Exponentia.

a. In discussing the relative size of earthquakes, for each increase in one point on the
Richter scale, the relative size increases ten-fold.?

Complete the following table that shows the correspondence of relative size and
Richter scale number.

Richter Scale Number Relative Size
1 10
2
3
6

b. Write a logarithmic equation for the relationship between Richter number and
relative size of the earthquake. Let relative size, s, be your independent variable
and Richter scale number, 7, be the dependent variable. What is the name for this
special type of logarithm?

c. The planetary rover experienced earthquakes of magnitudes 2 and 8. We want to
know the relationship between the relative size of an earthquake that measures 8
on the Richter scale and one that measures 2.

* Some of the content for this question derives from the U.S. Geological Survey website
(http://earthquake.usgs.gov).
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What is the relative size of an earthquake of magnitude 2? Write this as a power
of 10.

What is the relative size of an earthquake of magnitude 8? Write this as a power
of 10.

What is the relationship between the relative sizes? (Hint: Subtract the
exponents.)

d. In 2002, an carthquake of magnitude 7.9, one of the largest on U.S. land, occurred
in the Denali National Park in Alaska. What was the relative size of this
carthquake? (You will need to rewrite the logarithmic equation as an exponential
equation.)

e. On April 29, 2003, an earthquake in Fort Payne, Alabama was felt by many
residents of northern Georgia. The magnitude was 4.6. How does the relative size
of the Alabama earthquake compare with the relative size of the Denali
carthquake?

3. Rather than discuss relative size of an earthquake, we often prefer to discuss the amount
of energy released by an earthquake. A formula that relates the number on a Richter scale
to the energy of an earthquake is 7 = 0.67 log E — 7.6, where r is the number on the
Richter scale and £ is the energy in ergs.

a. Consider the general form of a logarithmic function, f{x) = log x.
How will the scale factor of 0.67, in the equation above, alter the graph of f{x)?

What is the name of this transformation?
How will the 7.6 alter the graph of f{x)?

What is the name of this transformation?

b. Determine the domain, range, intercepts, and asymptotes for the graph of
r=0.67 log EE— 7.6. Sketch the graph.

Recall that for the domain and asymptote, we need to consider the value for which
the logarithm is being taken. In this case, we are taking the logarithm of £.

Domain: Range:

Asymptote: Xx-intercept:
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No option is provided above for a y-intercept. Why not? What type of
transformations might result in the graphs having y-intercepts? (Investigate on
your calculator if you would like.)

What is the Richter number of an earthquake that releases 3.9 x 10" ergs of
energy? (Be careful when inputting this into the calculator.)

r=0.67logk-7.6
r=0.671log (3.9x10°) 7.6

e

How much energy was released by the 2002 Denali earthquake? By the 2003
Alabama earthquake?

Denali earthquake: r = 0.67 log E— 7.6
7.9=0.67logE 7.6

Solve this equation for £ by first solving for /og £ and then rewriting the equation
in exponential form. £ =

Alabama carthquake: = 0.67 log E— 7.6
4.6 =0.67 logE—~7.6
E=

4. Scientists use carbon-dating to determine the ages of carbon-based substances. The
isotope Carbon-14 (C14) is widely used in radiocarbon dating. This form of carbon is
formed when plants absorb atmospheric carbon dioxide into their organic material during
photosynthesis. After plants die, no more C14 is formed and the C14 in the material
declines exponentially.*

a.

Willard Libby was recognized with the Nobel Prize in Chemistry in 1960 for
leading a team to develop a method of using carbon-14 dating to determine the
age of carbon-based matter. Initially, circa 1949, Libby and associates believed
the half-life of the C14 isotope, the amount of time it takes for half of the C14 to
decay, to be approximately 5568+30 years. This is known as the Libby half-life.

* Credits for information on carbon-14 dating: www.c14dating.com/int.html
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