DRAFT Teacher Notes

Examining Sound
Teacher Notes

The objective of the activities in this section is to make abstract connections
between mathematics and music through the measurement of frequencies. The first
activity, Wave Length and Frequency, has students using graphing calculators to
explore wave length and compute frequency for various sine curves. The second
activity, Amplitude, introduces decibels as a measure of sound intensity and then
has students explore a graphical representation of amplitude on the graphing
calculators. The third activity in this section, Frequencies on the Monochord, has
students using a data collection device to measure the frequency of a monochord
string. They next relate the measured frequencies to string lengths on the
monochord, and finally they find the frequencies of actual musical notes.

While it is most beneficial for each group of students to have their own monochord,
these activities could be done as a large group activity with only one monochord.
Actually any musical instrument — flute, guitar, violin, piano or keyboard — can be
used to produce the sound to be measured. If possible, the students should collect
the sound data even if only one instrument is available.

Instructional Time Required for this Section

Two hours

Required Materials

Wave Length and Frequency
student activity sheet, one per student
graphing calculators, one per student

Amplitude
student activity sheet, one per student
graphing calculators, one per student

Frequencies on the Monochord
student activity sheet, one per student
graphing calculator loaded with the frequency program and the programs
required to collect the sound data, one per group
data collection device with microphone and appropriate cords to connect
data collection device, graphing calculator, and microphone; one per group
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311.1 Hz D-sharp (you should be able to borrow these from the science
department or the music department; one option for tuning monochords);
this could be used as a musical instrument if necessary

one monochord (or other instrument) per group of 3-5 students

Suggested Materials

Frequencies on the Monochord
keyboard (you may be able to borrow one from the music department; one
option for tuning monochords)
pitchpipe (one option for tuning monochords)
graphing calculator for the overhead projector

Vocabulary

period of a sine wave (wave length)- In this activity the period of the sine
wave is measured in seconds. The period is the time per 1 cycle of the
function. The calculators must be set to use radians rather than degrees
because the independent variable needs to have units of time rather than
degrees. The period measures the number of seconds needed to complete one
period — cycles per second.

frequency — the number of cycles per second. The frequency is the reciprocal
of the period.

decibel (dB) — a measurement of the level of the intensity of sound, the
square of the amplitude of the signal; a measurement of loudness

Procedures

Students should be able to complete or nearly complete both the Wave Length and
Frequency and Amplitude activities in the first hour. Students may need a little
time during the second hour to finish the Amplitude activity, but most of the second
hour should be devoted to the Frequencies on the Monochord activity.

Wave Length and Frequency

Introduce the concept that sound travels in waves. Explain that a sound is produced
by moving air and that our ears pick up the changing air pressure and convert it
back to sounds that we understand. Use a monochord to illustrate how sound is
produced; the string vibrates and moves the air as well as how the amplitude of the
string is changed. Students should be able to both see and feel the vibrations of the

string.
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The amount of help given to the students will depend on their skills with the
graphing calculator. The students do not need to have prior experience with the
trigonometric functions; everything they need to know about trigonometric functions
will be taught in the lesson. This activity only uses the trigonometric functions
because the graph of a sine wave is similar to the shape of a wave. Even students
who have experience in graphing trigonometric functions will find this activity
informative. Encourage these students to make connections to trigonometry.

Ask the students to set the window as given and then graph y =sinx on their
calculators. Explain that mathematically we have two functions that can be used to
model sound waves — the sine and cosine. Use cosine when you illustrate the wave
cycle (high, low, high, repeat) on the graph.

Change the window parameters so that the students can see various numbers of
cycles in the window. Show the students how to recognize one cycle; indicate that
they need to look from high point to high point on the graph to find one cycle. Once
the students understand how to find one cycle in this manner, the teacher may
choose to point out that a wave can actually be thought to “begin” anywhere as long
as one cycle has covered one high point and one low point and ends in the same
relative location on the wave pattern as it began. While a wave can “begin”
anywhere, most students, however, tend to look from high point to high point when
they want to find the length (one cycle) of a wave.

When calculating the wave length, use the arrow keys on the calculator rather than
the trace feature; the students will need to use the arrow keys in the next activity, so
it is better to have them doing only one procedure. Using the arrow keys is sufficient
since all that is needed to measure the cycle is the x-value for the peaks of the
function. Discuss with the students that they can also use the low points to
measure the length of the wave. Because of the lack of precision in the
measurement, measuring several cycles and averaging the results will provide
better estimates than just measuring one cycle.

The mathematical goal of this lesson is for students to see that the time required
for a wave changes. Stress to them that they have measured the number of seconds
required to produce one cycle and that this is actually very small. Mathematically,
this is the period of the sine function. The students are asked to find the frequency
as the reciprocal of the wave length, going from seconds per cycle to cycles per second.
Stress this reciprocal relationship (period as seconds per cycle and frequency as
cycles per second).

Once the students know how to use the calculator to find the wavelength and
understand the relationship between wavelength and frequency, ask them to
complete the activity while monitoring and guiding them.
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Amplitude

This activity is not essential to the music unit, but it does provide the student with
an idea of the mathematical aspect of “loud” and introduces them to measuring
“loud” which is the intensity of sound. If time is short, this activity could be omitted,
but it easily occupies the last part of the first hour of this section.

The formal definition of sound intensity is not necessary; however, the students
should be exposed to the term decibel as a measurement of loudness. Discuss that
the amplitude of the sine wave represents the intensity of sound graphically; the
more intense or louder the sound, the taller the wave. Amplitude (half the height of
the wave) can be described as volume control for sounds.

Ask the students to complete the activity while monitoring and guiding them.

The students will probably need help drawing the graphs in problems 3-5. Without
any prior experience in drawing trigonometric graphs they may have some difficulty
with this part. Point out that amplitude is half the total height of the wave. Point
out the symmetry in the sine function.

Frequencies on the Monochord

Practice this activity before presenting it to the students.
before the activity — set up the data collection device and practice the activity
(see the Procedures section for more information)
before class begins — tune the monochords; the more tension there is in the
monochord string, the better measurements you will get from the data
collection device, so we recommend that you tune the monochords to D-sharp
above middle C
before class begins — load the programs in the graphing calculators (located
in the Resources section of these Teacher Notes; also available to download
from the website if you have the appropriate cables and software)

The sound produced by the monochord has quite a few overtones; the graph may not
be a clean sine wave, the overtones produce “noise” that will show up in the graph.
(For further explanation of overtones, see Overtones in the Resources section of
these Teacher Notes.) For this activity, it is important that the monochord is tuned
to a D-sharp; other notes have more overtones thus making data collection difficult.
Tuning the monochord to D-sharp makes data collection go more smoothly. To
improve the results, hold the microphone close to the string and allow the sound to
die down a little (about 1 second) before collecting the data. The students may need
to collect the data several times before getting good results.
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Distribute the activity sheets for Part I, the graphing calculators, and the
monochords. Remind the students about safety while using the monochords; also
remind them of the care and use of the instruments.

Let the groups work on Part I of the activity. Because of the limitations of the
calculator, the results obtained can easily vary as much as 20 to 30 cycles per
second. Tell the students to be patient and careful in collecting their data and they
can get good results, but tell them that no one should expect perfection from this
activity. Make sure that they understand that the answer tells them how many
times the string vibrates in 1 second.

The amount of help that the students will need on this activity depends on the
amount of experience they have had using a data collection device.

Part of the unit test grade comes from a quick assessment over Part I. As the
groups finish Part I, administer the assessment (see the Resources section of these
Teacher Notes). If the groups are finishing at about the same time, distribute Part
Il of the activity and administer the assessment throughout the rest of the hour.

For Part 11, go back to the ratios that were used to calculate the length of the strings
for do, fa, mi, and high do. Explain that the frequencies can be calculated by dividing
by the ratios instead of multiplying by the ratios. To get high do multiply the
frequency by 2. To get fa multiply the frequency of the open string by 4/3. For sol
multiply by 3/2. For this part of the activity the teacher may choose to give the
students a nice frequency such as 440 cycles/sec rather than having the students use
their experimental results. This makes grading much easier. The A above middle C
vibrates at 440 cycles/second.

As groups finish Part I, distribute Part I1l. Ask the students complete the table in
part 111 for homework if necessary. This table will give them the frequencies to be
used in the bottle activity.

Take time at the end of the hour to summarize the entire unit and informally assess
that the students have made reasonable connections between mathematics and
music. The teacher may choose to have the students write a brief essay about what
they have learned, either a formal assignment to take home and complete or an
informal essay that they write at the end of the period.
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Assessment

The Wave Length and Frequency activity is a good one to take a grade on; you may
want it to count as a double homework grade or a quiz grade.

Part of the unit test grade comes from Part | of the Frequencies on the Monochord
activity. There are several questions about setting up the data collection device and
collecting the data that you ask of various group members. A suggested way to
administer this assessment and the questions themselves are located in the
Resources section of these Teacher Notes. Any student in the group could be asked
to answer any of the questions. Selecting a student at random ensures that all the
group members will know the answers to the questions (given in advance); i.e.
participate in the activity rather than just passively watch others complete it.
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Examining Sound Resources

Monochords are available from:
Foster Manufacturing Company
1504 Armstrong Drive

Plano, Texas 75074

972 424-3644

website:

Directions for making your own monochords can be found in both of the following:

COMAP. 2002. Mathematical Models with Applications, ancillary materials,
Handout 9.2. W.H. Freeman: New York.

Haak, Sheila. 1991. Using the Monochord: A Classroom Demonstration of the
Mathematics of Musical Scales in Applications of Secondary School Mathematics, pp.
143-149. NCTM: Reston, Virginia. (Reprinted from the March 1982 Mathematics
Teacher.)

In addition to the computer programs and grading sheet that follow, you may find
the following resources useful or informative:

COMAP. 2002. Mathematical Models with Applications, Chapter 9. W.H. Freeman:
New York.

Garland, Trudi Hammel, and Charity Vaughan Kahn. 1995. Math and Music:
Harmonious Connections. Dale Seymour: Palo Alto, California.

Maor, Eli. 1991. What Is There So Mathematical About Music? in Applications of
Secondary School Mathematics, pp. 88-96. NCTM: Reston, Virginia.
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Overtones

One of the problems that occur when trying to collect frequencies with a data
collection device is that notes are not pure tones; they are made up of many
frequencies called harmonic overtones. When a note is played we hear the harmonic
overtones as well as the basic tone. We hear two times the frequency, three times
the frequency, four times the frequency, etc. These overtones have a much lower
volume than the basic tone; however, they add another part to the mathematical
connection to music. By adding another signal to the basic sound, the picture of the
sound is no longer a pure sine function. The basic pattern is still periodic; however,
it may involve a more irregular shape. Looking for the length of the repeated
pattern will still provide the wave length of the fundamental period. The graph
drawn below shows the possible effect of adding in the first five harmonics.

Mo
BRVARN

The amplitude for these harmonics will vary depending on the instrument used and
the volume of the sound. The arrangement of the harmonics actually allow us to
differentiate between the sounds of different instruments playing the same tones.
When the sounds are soft we do not detect these overtones as well as we can when
the sound if loud.

The picture on the next page illustrates the harmonics that can be heard when
middle C is played on a piano. Notice that the second sound that occurs is an octave
higher and that the fourth sound is still another octave higher. This is why when a
note is played an octave higher than another one the sounds are so much alike. The
original note is already sounding a very soft version of the fundamental sound of the
higher octave note.
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Programs for T1 Calculators

If you are using Texas Instrument Calculators, enter these programs into the
calculator Graph Link™ program and check the feature that will lock the programs.
The lock prevents students from accidentally getting into the program and altering
the code. The same code will work for the T1-82, the T1-83, and the TI-83 Plus
calculators. The programs can be entered into one calculator and linked to others;
however, the TI1-82 cannot share with the TI-83 or the T1-83 Plus.

The first two programs, MIKE and SOUND, are variations on the program SOUND
that comes with the older CBL. The first one, MIKE, sets up the CBL to use the
microphone. The second one collects sound data without going though the set up
process. If the CBL powers down during the activity, run MIKE again to setup the
CBL then continue running the SOUND program.

The third program, FREQ, helps the students calculate the frequency of the data
collected by the CBL. The program asks the students to choose the number of peaks
to be collected, allows the student to locate the peaks, calculates the average
distance between peaks, the average period, and then displays the frequency based
on this average. Warn the students that once they select the first peak that the
others must be chosen in order from left to right without omitting a peak. Because
of the sampling limitations of the equipment, they may need to estimate a peak
that does not appear precisely on the calculator display. A minimum of two peaks
must be chosen. To choose the peaks, use the arrow keys to place the cursor on a
peak then press enter. Continue moving the cursor until the requested number of
peaks has been located. Once the last peak is entered, the program returns the
frequency for the data.
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TI1-83 Calculator Program: MIKE

Teacher Notes

Norma

Connected

Full

Func

Float

RectGC

CoordOn

GridOff

AxesOff

Labe Off

PlotsOff

FnOff

Radian

ClrDraw

10X min:950X max

10Y min:630Y max
OlUXscl:0uY scl

ClrHome

FnOff
{24,24,38,38,36,36,24} UL _
{14,50,50,40,33,14,14} UL,
Plotl(xyLineL_,L,,0)
{60,60,71,71,60} 0L f
{13,50,50,13,13} 0L,
Plot2(xyLineLf,L,,0)
Horiz
Text(16,37,"CBL")
Text(16,73,"TI-83")
Line(26,38,35,38)
Ling(35,38,35,46)
Line(35,46,26,46)
Line(26,46,26,38)
For(1,27,34,2)
Pt-On(1,32)

End

For(1,38,46,2)
Ling(62,1,69,1)

End

For(K,20,32,4)
For(1,62,68,3)

Pt-On(1,K)

Pt-On(1+1,K)

End

End

Disp "USE UNIT-TO-UNIT"
Disp "CORD TO LINK THE"
Disp "CBL AND TI-83."
Output(4,10,"[ENTER]")
For(1,13,5,0.5)

Pt-On(1,5)

End

For(1,5,13,.5)

Pt-On(66,1)

End

Pause

ClrHome

Line(34,53,34,63)
Line(33,55,35,55)
Line(36,57,32,57)

Disp "PLUG MICROPHONE"
Disp "INTO CH1 PORT "

Disp "ON TOP OF THE"
Output(4,1,"CBL. [ENTER]")
Pause

ClrHome

For(1,38,46,2)

Line(26,1,35,1)

End

Disp "TURN ON THE CBL."
Output(4,10,"[ENTER]")

Pause

Full

ClrHome

Disp "NOW CHECKING THE"
Disp "CALCULATOR-CBL"
Disp "LINK CONNECTION."
Disp "PLEASE WAIT...."
{1,0}0L_

Send(L)

{GyL,

Lbl M

{7ruL_

Send(L )

Get(L,)

If dim(L,)=1and L,(1)=0

Then

ClrHome

Disp "***LINK ERROR***"
Disp "PUSH IN THE LINK"
Disp "CORD CONNECTORS"
Disp"FIRMLY THEN HIT"
Disp "[ENTER]."

Pause

ClrHome

GotoM

End
Disp
Output(6,1," STATUS: O.K."

Pt-On(27,1) Output(8,2,"RUN SOUND PRGM")
End Pause
For(1,27,66,.25) ClrHome

Stop
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TI1-83 Calculator Program: SOUND

Teacher Notes

Norma

Connected

Full

Func

Float

RectGC

CoordOn

GridOff

AxesOff

Labe Off

PlotsOff

FnOff

Radian

ClrDraw

AxesOn

{1,0}0L_

Send(L )

{1,1,14} 0L _

Send(L_)

ClrHome

Disp "HOLD MICROPHONE"
Disp "CLOSE TO THE"
Disp "INSTRUMENT,"
Disp"PLAY NOTE,"
Disp "HIT [ENTER] TO"
Disp "RECORD SOUND."

Get(L..)

Get(L,)

99iidim(L_)

99iidim(LT)

L...GLT

For(X,3,97,1)

(Lo (X-2)+L .. (X-1)+L ... X)+L .. (X+D)+L ... (X+2))/50L_(X)
End

(L...(D+L...(2)/20L_(1)
(L...(D)+L...(2+L...(3))/30L_(2)
(L...(97)+L...(98)+L...(99))/30L_(98)
(L...(98)+L...(99))/20L_(99)

L dL...
(max(L...)+min(L...))/20Q
L...-QuL...

L,iL_

L...0L,

Lbl S

.0020X scl

min(L_)UXmin

max(L_)UXmax

25% (max(L,)-min(L,))UA

SuY s

min(L,)-AdYmin
max(L,)+AlY max

ClrHome

Pause Plotl(xyLineL_,L,,0)
{3,.00025,99,0,0,0,0,0,1} 0L _ Text(4,1,"SOUND"): Text(54,69," TIME(S)")
Send(L_) 1lau:0uv
ClrHome StoreGDB GDB6
Disp"ANALYZING...." Stop
ClrDraw
TI1-83 Calculator Program: FREQ
ClrHome ousS
Disp "NO: PTS?" For(K,1,N-1)
Prompt N L, (K+1)-L,(K)+SuS
Nudim(L,,) End
For(K,1,N) S/(N-1)UiP
Input PhAGF
X{L, (K) Disp "FREQUENCY"
End Disp F
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Programs for Casio Calculators

If you are using Casio Calculators, enter this program into the calculator.

There is one program that sets up the data collection device to use the microphone,
collects the sound data, and calculates the frequency.
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Grading
Frequencies on the Monochord

The results of this activity considered as a 10 point
guestion on the sample unit test.

The students in each group are to be assigned a number
1, 2, 3,4, 5, or6.

Near the end of class the teacher asks one person in
each group one of the questions listed below. That
person’s answer will count as the answer for the entire
group, and no other group member may help with the
answer. The question is considered to be a 10 point
guestion on the test for this unit.

The teacher will roll a die to select the group member
and to select the questions.

1. How do you set up the data collection device?
Run the program that will check that your
setup is correct.

2. Collect the sound. (You will need to have
someone in your group pluck the string.
Explain why your data is or is not good.

3. Using the last set of data that you collected,
show me how you calculate the frequency.
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Sound Activity 1: Wave Length & Frequency
Notes

Sound, like light, travels in a wave motion. The source of the sound
transfers vibrations to the surrounding air then these vibrations travel (in a
transverse wave) through the air to our ears. Whenever these vibrations
are created in a regular, periodic, way we define the sound as music.
Irregular sounds are defined as noise. The amplitude (half the height of
the wave) determines how loud the sound is, and the frequency of the
wave (cycles per second) will determine the pitch (how high or low the
sound will be). Pluck the open string of the monochord and watch the
string. You can see the string vibrating; however, it vibrates much to fast
for the human eye to count the number of vibrations per second. Move
the sliding fret to shorten the string then watch the string. This time the
string will vibrate faster. Our goal is to calculate the actual frequency of the
open string of the monochord.

Your graphing calculator has two functions that can be used to model
physical things that move in waves, the sine function and the cosine
function. These functions resemble waves and repeat themselves forever.
A pure tone will produce a wave that has the same basic shape as these
functions. Modifying and combining these functions enables us to model
any type of periodic (repeating) behavior. Machines and toys that “talk” or
“sing” without the use of a tape recorder have been mathematically
designed to produce the required sounds in ways that are too advanced
for our course; however, the concepts that we will develop here pave the
way for the more advanced work. When variations of the sine functions
are added together, much more complex sounds can be produced, and it
Is these variations that we use to recognize the difference in the sounds
produced by two different types of instruments or between two difference
voices. For now we will stay with the simple pure wave form.

IS i
s S

y =sin(x) one cycle y =cos(x) one cycle
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Calculator Instructions
1. Put your calculator in radian mode instead of degree mode. Using
radians rather than degrees is a more logical choice since we want the
independent variable for the graph to be time.
2. Clear all functions to be graphed.

3. Enter y=sin(x). (Use the sin key — “sin” is the abbreviation for sine and
Is pronounced like “sign”.)

4. Set the graphing intervals as follows

x-min 0 X-max 6.283 x-scl 1
y-min -2 y-max 2 y-scl 1

5. Graph the function.

The graph that you see on your calculator is considered to be one cycle
long. Since it begins at 0 and ends at 6.28, the wave length is 6.28 - O or
6.28 units long. Generally the x-axis is considered to be time in seconds,
so in this case, the wave length is 6.283 seconds. The wave length is the
amount of time required for one cycle.

To see more of the graph change the graphing window:

X-min 0O X-max 12.566 x-scl 1
y-min -2 y-max 2 y-scl 1

Describe the number of cycles you see on the graph.

Using the same domain, graph y = cos(x). This graph has the same basic
shape, and appears to be a displaced version of y = sin(x). Finding the
length of a cycle is a matter of measuring the time required for the graph to
repeat itself. The “starting” position does not matter.

When we talk about musical sounds we are more interested in frequency
than in the wave length because we define pitch in terms of frequency.
Frequency measures cycles per second while the wave length measures
the duration of one cycle. If we can find the length of one cycle, all we
have to do to calculate the frequency is find the reciprocal of the wave
length. If the x-axis measures seconds, the normal sine function has a
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. , 1
wave length of 6.283 seconds; therefore, its frequency is 5.283 or 0.159

cycles per second.

The human ear can detect frequencies from approximately 20 cycles per
second up to 20,000 cycles per second; therefore, the simple y = sin(x)
represents a sound far too low for us to hear. The A below middle C on a
piano is tuned to resonate at 220 cycles per second. The lowest note on
the piano (an A) resonates at 27.5 cycles per second and the highest note
(a C) at about 4186 cycles per second.

Calculating the frequency

To do the activities that will follow this exercise, you will need to
understand how to calculate frequency by examining a graph containing
several cycles. Read the time (the x-value) for two successive peaks (or
two lows) on the graph. Subtract the first time from the second time to find
the length of the wave (seconds required to produce one cycle). This
gives you the time required to produce one cycle. Calculating 1 divided

e

by the wave length 8vmength

o .. .
5 will give you the frequency (cycles per
second).

Experiment by graphing the equation y = sin(1382.3x) using the graphing
intervals defined below.

Graphing Intervals: xmin: 0 xmax: 0.02375 xscl: 0.005 ymin: -1.5
ymax: 1.5 yscl: 1

Draw the graph then press the arrow keys until the cursor is on top of the
first peak. Because of the limitations of the calculator’s screen, you may
not be able to do this perfectly so get as close as possible. Record the x-
value with as many decimal places as possible. You do not need the y-
value. Move the cursor over to the next peak. If you had to approximate
the location for the first point, approximate the second point in the same
manner. (If you were a little too far to the left the first time then stop a little
too far to the left the second time.)
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2nd x-value (The difference is the wave length
in seconds/cycle.)

1st x-value To find the frequency, calculate 1
divided by the difference. Try using

the x ! key on the calculator.

Difference Frequency =

Your answer should be 220 + 2 cycles. If your answer is not close try
again.

The units for frequency are cycles/second or Hertz, which means
cycles/second.

Calculate each of the following.

Graphing intervals:

xmin: 0O xmax: 0.02375 xscl: 0.005
ymin: 1.5 ymax: 1.5 yscl 1
Equation 1st x- 2nd x-value | Wave Frequency
value Length cycles/second
in seconds

y =sin(2764.6x)

y =sin(691.15x)

y =sin(1845.4x)

y =sin(2070.9x)

Describe how changing the coefficient on the x effects the wave length, the
frequency, and the graph. (The number increases from 691.15 to 1845.4
to 2070.9.)
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Sound Activity 2: Amplitude
Intensity of Sound - The Measure of “Loudness”

We will not need to discuss the intensity of the sound for our work;
however, you will often hear people refer to how loud a sound is by using
a unit called a decibel, abbreviate “dB”. Your parents and your neighbors
may complain that the decibel level of the speakers in your car is
excessive.

The loudness of a sound depends on the sound intensity, which is a
measure of the power of a sound per unit area. Itis actually the square
of the amplitude of the signal produced by the sound. If you stand in
front of a speaker playing loud music, you can feel the power being
generated. A sound intensity of 4x10* W/ n? (watts per square meter) is
called the threshold of hearing, and a sound intensity of 1w/ n? is called
the threshold of pain. Since these numbers encompass an enormous
range, a logarithmic scale is introduced to simplify the values. A sound
intensity of 4x10 W/ n is defined as an intensity level of zero decibels
(dB). Anincrease of 10 dB corresponds to multiplying the sound intensity
by a factor of 10.

Intensity (W/m°) | Intensity Level (dB) Example
1012 0 near threshold of hearing
10 10
1070 20 whisper
10° 30
108 40 inside a running car
107 50
10° 60 conversation
10° 70
10" 80 noisy street corner
103 90
10 100 rock concert
10* 110

10° 120 threshold of pain

This means that the intensity of sound of a normal conversation (60 dB) is
10,000 (10*) times as loud as a whisper (20 dB).

To calculate the difference in the intensity of the sound, find the difference
between the dB levels and divide the answer by 10. This answer will be
the exponent on 10 that tell you how much louder one sound is than
another.
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1. How much louder is a rock concert than a conversation?

2. How much louder is the threshold of pain than a rock concert?

Calculator Instructions
1. Put your calculator in radian mode instead of degree mode. Using
radians rather than degrees is a more logical choice since we want the
independent variable for the graph to be time.
2. Clear all functions to be graphed.

3. Enter y=sin(x). (Use the sin key — “sin” is the abbreviation for sine and
Is pronounced like “sign”.)

4. Set the graphing intervals as follows

x-min 0 X-max 6.283 x-scl 1
y-min -2 y-max 2 y-scl 1

5. Graph the function.

The graph that you see has an amplitude of 1. (The graph goes
down to —1 and up to 1 which is a distance of 2. Half this
distance is called the amplitude. You can compute the amplitude
maximum value - minimum value

2

by using the formula amplitude =

3. Using the space below, sketch the graph that appears on the screen.
Carefully label the horizontal and the vertical scales. The graph you
sketch represents one wave (1 cycle) of the basic path created by
sound.

4. Change the equation in your calculator to y =2sin(x) and draw the

new graph in the space below. What is the amplitude for the new
graph?
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5. Inthe space below draw graphs that will have amplitudes of

}, 3 g’ and, 4. Remember to change the ymin and the ymax to allow

the graph to be drawn on the screen. On the graphs that you draw
on the paper, use the same scale for all of the graphs. State the
amplitudes for each graph.
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Sound Activity 3: Frequencies on the Monochord

One of the most obvious relationships between mathematics and music
involves pitch. Designing instruments so that they can play together
requires a consistent definition of the frequencies that will be assigned to
each note. Surprisingly, this was not actually standardized until 1953
when the frequency of A on the treble clef was set to 440 Hz. (Hz stands
for hertz which means cycles per second.) The purpose of this activity is
to introduce you to musical notion of frequency.

BASIC RULES
(1) Do not tighten or loosen the string on the monochord. As
with any stringed instrument, the string will break if tightened
too much.

(2) Be gentle with the instrument, it is expensive to buy and hard
to make. It is not a toy.

(3) Be precise with your work, and you will get good results.

When the string of the monochord is plucked, a musical sound is
produced; however, since the frequency of the sound depends on the
size of the string, the tension in the string, and the length of the string, the
precise pitch of the sound varies. The length and the size of the strings for
a particular instrument are usually standardized; however, the tension on
the string must be adjusted each time the instrument is played. In a musical
group, the performers must adjust the tension on the strings so that the
sounds will match those of the other instruments in the ensemble. The
objective of this activity is to use an electronic device to measure the
frequency of the open string on the monochord. To do this we will use a
data collection device and a microphone.

The microphone measures the pressure caused by the sound wave on
the surface of the small black circle. Since the sound wave is a transverse
wave, it pushes and pulls the air molecules as it produces the sound,
acting on the microphone in the same manner as it acts on your ear. The
microphone, however, is not as efficient as your ear, so you will need to
place it as close to the string as possible in order to get a good
measurement. The data collection device collects the pressure readings
from the microphone and sends them to your calculator. The graph on the
calculator will look similar to the wave produced by y =sin(x). The
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monochord does not really produce a “pure tone” so the results may be
very jagged. This occurs because of overtones in the sound. (Ask a
physics teacher for further explanation.) This can be controlled to some
degree by the way the string is plucked, and you will need to experiment
to get good results.

Frequency Activity
(Part I)

To measure the frequency of the monochord string, follow the
procedure given below.

1. Connect the microphone to the data collection device.

2. Link the calculator to the data collection device.

3. Turn on the calculator and the data collection device.

4. Run the program that sets up the data collection device to use the
microphone. (Run this program any time something does not seem to
operate correctly. Usually this means that the collection device timed
out and needs to be turned on again.)

5. Run the program to collect the sound data following the instructions
provided by the calculator.

6. The following suggestions may improve the results:
a. Make sure that the monochord is tuned to a D-sharp.
b. Place the microphone near the middle of the string and as close
to the string as possible without interfering with the motion of the
string.

c. Pluck the string with the flat of your finger rather than your
fingernail.

d. Pluck the string so that it will vibrate up and down.
e. Pluck the string at the 30 cm position (in the middle of the string).

f.  Pluck the string as loudly as possible but without a “twangy”
sound.
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g. Press ENTER on the calculator when you like the sound you've
made.

7. The collection device reads for only a small fraction of a second
(0.00025 x 99) so most of the time required by the program is used
analyzing data rather than collecting data. The graph that you get
should be a relatively clean sine graph, but it will not be “perfect”.
Decide if you can read the graph well enough to measure the wave
length. This may need to be done over and over until a
sufficiently nice graph appears. Stop when you get a good
graph.

8. Examine the graph and count the number of peaks that you want to
consider when calculating the frequency - you can’t skip over one.

9. Quit the sound collection program.

10. When you have a good graph run the program that determines
frequency.

11. What is the frequency of your string?
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Frequency Activity Part Il

l. The frequency of open string of your monochord is

II. In the original Pythagorean tuning of the monochord, you found the
string length to give you the do, fa, sol, and high do. You can find the
frequencies for the notes in a very similar fashion. Instead of
multiplying by the ratios you can divide by the ratio. Using your
measured frequency for the open string of the monochord, calculate
the following
(The answer to part (a) is the frequency of the open string divided by

1
E)

1
a. The frequency of the string > as long

2
b. The frequency of the string 3 as long.

3
c. The frequency of the string 2 as long.

1
d. The frequency of the string 1 as long.

1
e. The frequency of the string 3 as long.

ll.  List the frequencies for the notes played at 60 cm, 30 cm, 15 cm, and
7.5cm.

IV.  What mathematical relationship do you notice?
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V.  What is the musical relationship for these notes?
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Frequency Activity Part Il

You have already calculated the length of the strings required to play
particular notes; however, this depends on the length of the open string of
the instrument. For instance, a guitar and a mandolin can play the same
notes even though the strings are not the same length. To create
consistency in musical sounds, musicians and instrument makers depend
on the more abstract measurement of frequency.

The frequencies of the pitches are defined by a mathematical definition very
similar to that of the string lengths. The frequency of a note one octave
higher is double the frequency of the original note. Because so many
instruments use an A string, the frequency of the A is used as the standard.
The A below middle C has a frequency of 220 hertz (cycles per second).
As with the string lengths, the musical frequencies are defined to have a
constant ratio between two consecutive half-steps. The frequency of the A
one octave higher (twelve half-steps up) is 440 hertz. The octave above
that will have a frequency of 880 hertz. As the pitch of the note goes up, the
string length shortens and the frequency increases.

1
. . ael o1z 1 .
To change the string length you multiplied by 855 or @ What multiplier

will you use to find the frequencies? (You can use the iteration procedure
that you followed for string length or you can solve the equation
algebraically.)

Make sure that this value is correct, then complete the table on the next
page (round off to the nearest tenth). If you want a table that will give you a
complete set of the frequencies for all the notes on a piano, start with the
lowest frequency on the table. If you just want a sample, begin your
calculations with the 220 hertz A and continue up to the 880 hertz A.
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Frequency Table
Note Frequency Note Frequency
(Hertz)
A 27.5 A (3) 220
A-sharp / B-flat A-sharp / B-flat
B B
C C
C-sharp / D-flat C-sharp / D-flat
D D
D-sharp / E-flat D-sharp / E-flat
E E
F F
F-sharp / G-flat F-sharp / G-flat
G G
G-sharp / A-flat G-sharp / A-flat
A(1) 55 A(4) 440
A-sharp / B-flat A-sharp / B-flat
B B
C C
C-sharp / D-flat C-sharp / D-flat
D D
D-sharp / E-flat D-sharp / E-flat
E E
F F
F-sharp / G-flat F-sharp / G-flat
G G
G-sharp / A-flat G-sharp / A-flat
A(2) 110 A(5) 880
A-sharp / B-flat A-sharp / B-flat
B B
C C
C-sharp / D-flat C-sharp / D-flat
D D
D-sharp / E-flat D-sharp / E-flat
E E
F F
F-sharp / G-flat F-sharp / G-flat
G G
G-sharp / A-flat G-sharp / A-flat
A(3) 220 A(6) 1760
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Sound Activity 1. Wave Length & Frequency

Answers
Calculate each of the following.
Graphing intervals.
xmin: 0 xmax: 0.02375 xscl:  0.005
ymin: -1.5 ymax: 1.5 ycl 1

Answerswill vary because of measurement error but should be close to these.

Equation 1stx-vdue |[2ndx- | Wave Length| Frequency
value In seconds cycles/second

y = sin(2764.6x) 0.00227 440 Hz

y =sin(691.15x) 0.00909 110 Hz

y = sin(1845 4x) 0.00340 293.7 Hz

y = Sin(2070.9x) 0.00303 329.6 Hz
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1.3
5. Inthe space below draw graphs that will have amplitudeés, sz, and, 4.

Remember to change thymin and theymax to allow the graph to be drawn
on the screen. On the graphs that you draw on the paper, use the same scale
for all of the graphs. State the amplitudes for each graph.

= —1$in(x) amp = 1 units
Y—2 p—2
y =3sin(x) amp =3 units
= §sin(x) amp = 3 units
y = 5 p = >
y =4sin(x) amp =4 units
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