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LAB 12:
OSCILLATIONS AND SOUND

Animals can hear over a wider frequency range afidns, but humans
can hear over a wide frequency from 20 Hz to 201990
(Image from http://archive.museophile.org/sojnd/

OBJECTIVES
* To understand the effects of damping on oscillateoyion.

» To recognize the effects of resonance in oscilfatootion.
* To learn wave properties (wavelength, frequenayogdespeed).
* To understand about standing sound waves in ogkol@sed pipes.

* To confirm the speed of sound in airbyg A f .

OVERVIEW

Oscillations

You have already studied the motion of a mass ngpwim the end of a spring. You
already know how to find the angular frequencyh&f mmass motion if we know the mass
m and spring constakt We will examine in this lab the mass-spring egstagain, but
this time we will concentrate on damped and resbpaenomena. We will use small
and large index cards connected to the mass atrttieof a spring to provide damped
motion through air resistance.

An example of a simple harmonic oscillator is a gmasvhich moves along theaxis and is
attached to a spring with its equilibrium positatirx = 0. When the mass is moved from its
equilibrium position, the restoring force of theisg tends to bring it back to= 0. The spring
force is given by
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194 Lab 12- Oscillations and Sound
Foring = ~KX, (1)

wherek is the spring constant. We have learned thatetiigation of motion fom
becomes sine and cosine functions like

x = A sin at and x, =B cosut (2)

We can write a more general solution as the suax; + x,. Therefore we may write

x=A sin wt+B coswt 3) (
where
k
@, = [|— - (4)
m

A andB are determined by the initial conditions. Fortamee, if att = 0,x =0, we find
thatA must be equal to zerd®d may be determined from the value of the veloditly=a0.

We will make the simplifying assumption that we Ivalways pull back and release the
spring from rest at= 0. If we do this for Equation (3), we must h&/e 0, and we have

x = Acos @t (5)

We can write this in terms of the frequerfoyr periodT by remembering thatw = 277f
andT = 1f£. We use the generab instead ofw, for this generic equation.

x = Acosat = A cog 2rft) = A c{sz?ntJ (6)

Damped Oscillations

Most motions in nature do not have simple
free oscillations like that of a mass at the end
of a spring. It is more likely there will be
some kind of friction or resistance to damp out
the free motion. In this investigation we will
start the free oscillations like we did in
Investigation 5 of Lab 6, but we will add some
damping. Air resistance is a good example of
damping in nature.  Other examples of

Overdamped

Critically
damped

damping include automobile springs, which
are damped by shock absorbers to reduce
motion caused by cars running through ruts in
the road and screen door closures, which use
air in a cylinder. The level of damping
includesunderdamped, critically damped, and
overdamped (see Figure 1).

Figure 1: Damped Motion
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Figure 2: Underdamped Motidrhe oscillations are
damped by the exponential term.

The general type of friction, which occurs betwedad surfaces, or in liquids and gases,
is not constant but depends on the velocity obtbjectv (cart in this case) .
The simplest form is

resistive friction (kinetic) f, = bv (7)
where we calb thedamping constant. The new equation of motion becomes:
ma+ bv+ kx = 0 (8)

where m (mass),b (damping constant), ankl (spring constant) are constants, aad
(acceleration)y (velocity), andx (position) describe the motion.

We will study underdamping in this experiment, Be motion will look like that shown
in Figure 2. This motion is described by

X = Acosat e ™ 9)

The angular frequencw term in Eq. (9) is slightly different than the dré&requency of
Eq. (5), but the difference is too small to be s@eour experiment (so we will ignore it).
The cosat term is observed in Figure 2 (oscillating term)i khe amplitude of each

oscillation becomes smaller due to the exponedtaiping terme ™
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196 Lab 12- Oscillations and Sound

Forced Oscillatory Motion

In addition to the restoring and damping force, orey have a separate force that keeps
the oscillation going. This is calledduiving force. In many cases, especially in the
interesting cases, this force will be sinusoidainme.

I:driving = CSinC(.I. (10)
The equation of motion becomes
ma + bv + kx = C sinut (11)

We can use calculus to solve this equation, butwilenot do so here. After a few
oscillations, the so-called “steady state” soluig®n

(wcf-wz)sin(wt) - br: cosft )E

R

It contains a sirand a cosfunction, which tells us that the displacemeiig not in phase

with the driving termCsinat. To discuss the function of Eq. (12) we consider

variation with the driving frequenay. First consider low driving frequencies. For

w<<w,(Where is the free angular frequency), Eqg. (12) becomes:
« = C sin at

2

ma,

211

(13)
Note that the displacement is in phase with themlyiforce at low frequencies.

At w= w the displacement is 9®@ut of phase with the driving force. From Eq.)(&&
see that the amplitude would go to infinitybjifthe damping coefficient, is zero. In many
mechanical systems one has to build in dampingrafise resonance could destroy the
system.

Sound Waves

Waves permeate nature. We define waves as alisitg that propagates through space.
Ocean waves and the self-generated human wavegarts stadium come to mind. Wind
blowing through a field of wheat causes the stadksvay back and forth creating an image
of a wave passing through the field. Sound warsget through objects, for example air,
by causing molecular vibrations, which in turn @uwsir ear drums to vibrate, which
eventually causes a nerve impulse to be sent tbraim. The motion of the wheat stalks
and ear drum can be described in terms of osolfigfiwhich we study in this lab.

Sound waves are longitudinal waves (see Fig. 3)oaipression (increase in density of
molecules) and rarefaction (decrease in densitynoliecules) in a gas, liquid or solid
medium. They are produced when a body such asirgttork, violin string, or cone of a

loud speaker vibrates and causes a disturbancéeindénsity of the medium. The
disturbance is propagated by the interactions ®fniblecules. The vibration of the
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Lab 12— Oscillations and Sound 197

molecules is along the direction of propagationtled wave. Only the disturbance is
propagated; the molecules themselves merely vilatadet their equilibrium positions.

Sound waves in a gas, such as air, can be thodghtterms of displacement of the
molecules from their equilibrium positions or imrtes of the change in pressure from the
ambient pressure. The pressure variations afeof0 of phase with the displacement
variations (see Fig. 3). The pressure maxima refwln positive and negative
displacements of molecules on each side compresiaggas in between. These
relationships are shown in Fig..3.
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Compression
Figure 3. Top diagram shows that pressure andagesment of the
molecules is 9 out of phase. The molecules oscillate about their

equilibrium position. When many molecules are eldsgether, the
pressure increases, but the displacement is a mnim

You have already studied the properties of wavetedture where the wavelength
periodT, frequencyf, and speed are defined as

A = distance over which a wave repeats.
T = time it takes one entire wavelength to pasyamgpoint in space.
f = the number of wave oscillations per unit tim&/E.

distance A
V= > A _

The human ear is an incredible device. It can beaer intensity ranges of 0and has a
sensitivity that allows us to hear at a sound pres®f one billionth of atmospheric
pressure. We often reproduce sounds using speakeM/hen the diaphragm of a speaker
vibrates, a sound wave is produced that propaghtesigh the air. The sound wave
consists of small collective motions of the air emlles toward and away from the speaker.
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198 Lab 12- Oscillations and Sound

The air molecules don't actually move far, but eathibrate toward and away from the
speaker at the frequency of the speaker vibrations.

Standing Waves in a Tube

Standing waves are created in a vibrating stringnvéa wave is reflected from an end of
the string so that the returning wave interfere wie original wave. Standing waves also
occur when a sound wave is reflected from the érdtabe.

A standing sound wave halisplacement nodes(points where the molecules do not
vibrate) anddisplacement antinodes(points where the amplitude of the molecular
vibration is a maximum). Pressure nodes and ahégalso exist within the waveform. In
fact, pressure nodesoccur at displacement antinodes gmdssure antinodesoccur at
displacement nodes. Since your measurements withdswaves will be made with
microphones, which respond to pressure variations, discussion will mostly be in
terms of pressure variations. We will hencefontipbasize the pressure variations and
not the displacement.

Longitudinal Standing Waves

When longitudinal waves propagate in a gas in a pigh finite length, the reflected waves
interfere with the incident waves (traveling in thygposite direction). The superposition of
the waves forms a standing wave. Reflection ofsthend wave occurs at both open and
closed tube ends. If the end of the tubeased, the air has nowhere to go, so a pressure
antinode must exist at a closed end. (This isogaais to a oscillating string fixed at one
end.) If the end of the tube @pen, the pressure stays very nearly constant at room
pressure, so a pressure node exists at an opef dretube. We will be measuring sound
maxima or pressure antinodes in this experimeihiat i, we will note where the sound is
loudest by listening to a microphone.

To more easily understand the phenomena of souagneourage you first to review the
subject in your textbook. Internet programs atefhkin understanding this phenomenon.
See http://www.physics.smu.edu/~olness/www/05fall13pplat/pipe-waves.html This
applet shows nodes and antinodes for both pressutalisplacement. Let’s first look at
displacement. Make sure “displacement” is choSemen click on “both sides closed” (for
the ends of the tube). Note what happens to thelpa inside the tube. They oscillate
back and forth, except at the ends where theyixed.f Then click on “both sides open”.
Note here that particles at the end of the tubeosaillate. Next look at “one side open”.
Next choose “pressure” and examine the same tlhuae ¢onditions. Make sure you
understand both pressure and displacement befanggdo lab. You have been looking
at thefundamental mode. Now click on “Higher” bar and observe higharmonics (one
at a time). Compare the nodes and antinodes $ptasiement and pressure. We will be
examining pressure in this lab.

Normal Modes of Air Columns

Many musical instruments, including organ pipes atidthe woodwind and brass
instruments, use longitudinal standing waves (nbmmades) in vibrating air columns to
produce musical tones. Organ pipes are one obithplest examples. There are two
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simple kinds of pipes, one with both ends
open to the air, and one with one end
closed to the air, otlosed. These are the
two situations we will examine in this lab.

1. Open Pipe

|

Let us consider the general problem of [é——— [ = 1i2 —|

normal modes in an air column. The pipe _
may be a flute, a clarinet, an organ pipe, or I:Eﬂlﬁ =vi2l
any other wind instrument. In Fig. 4 both

ends of the pipe are open, so both are H Wo
pressure nodes (displacement antinodes) L T

(The left side is open because it is open tc

atmospheric pressure and is therefore ¢ K A2 >< A2 A
pressure node.) An organ pipe that is oper L =217

at both ends is called apen pipe. The . .
fundamental frequencfy corresponds to a ':b:'fﬂ - 2':“}’{ EL} - Efl
standing-wave pattern with a pressure node

at each end and a pressure antinode inth H 6‘!}!"’”"‘1{!"’0
middle (Fig. 4a). The distance between

adjacent nodes is always equal to one hal -

of a wavelength, and in this case that is K= A2 =& A2 > A2
equal to the length of the pipe:L=A1/2. L=342

The corresponding frequency, obtained _ _
from the relationf =v/ A, is (:'::'f3 =3 (wrz"'r’:' - Eﬁ

flzl for an open pipe (14) Figure 4. A cross-section of an open pipe
2L showing the first three normal modes as well

as the pressure nodes and antinodes.

Interchange theA's and N's to show the

The other two parts of Fig. 4 show the displac ¢ antinodes and nodes.

second and third harmonics (first and
second overtones); their vibration patterns
have two and three pressure antinodes,

respectively. For these harmonics, one half of avelength is equal tb/2 andL/3,
respectively, and the frequencies are twice aneettimes the fundamental, respectively.
That is,f, = 2f; andf; = 3f;. Forevery normal mode, the length must be an integer
number of half-wavelengths, and the possible wanghes A are given by

L:n%n or Anzé n=1,23,..) (15)
n

The corresponding frequencigsare given by, = v/4, so all the normal-mode frequencies
for a pipe open at both ends are given by
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fo=or =12 3,..). (16)

The valuen = 1 corresponds to the fundamental frequency,2 to the second harmonic
(or first overtone), and so on. Alternatively, ean say

f, =nf,, (17)
with f; given by Eq. (14).
2. Closed Pipe
Figure 5 shows a pipe open at the left end gl 4

but closed at the right end. An organ pipe

closed at one end is calledctosed pipe. H =14 H

The left (open) end is a pressure node

(displacement antinode), but the right (a) A=v4L

(closed) end is a pressure antinode

(displacement node). The distance betweer g H

a node and the adjacent antinode is alway: “ ‘q
one quarter of a wavelength. Figure 5a -
shows the lowest-frequency mode; the |65U4 H— ¢ 1f4%|

length of the pipe is one quarter of a L =314
wavelength, L=A4,/4. The fundamental
frequency isf, =v/A,, or (b) fa= 3viL = 3h
\" . 1] H i3
f,=— for a closed pipe. FiY
(18) l ; I
) F T T S ¥ I
This is one-half the fundamental frequency I =514
for an open pipe of the same length. In . .
musical language thgitch of a closed pipe (o) s = vl =57

is one octave lower (a factor of two in

frequency) than that of an open pipe of therig e 5. A cross-section of a closed pipe

same length. Figure Sb shows the nexishowing the first three normal modes as well as
mode, for which the length of the pipe is the pressure nodes and antinodes. Only odd
three-quarters of a wavelength, harmonics are possible.

corresponding to a frequenc¥:.3 In Figure
5¢c, L =54, /4 and the frequency B&f;. The

possible wavelengths are given by

L=ni or A, :ﬂ n=123,...) (19
4 n

The normal-mode frequencies for a closed pipe @endyf, = Vi, or
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nv
f.=— (h=1,3,5,... 20
Tl ( ) (20)
or
f,=nf, n=1,3,5,...) 12
with f; given by Eq. (18). We see that the second, foumtteedall even harmonics are
missing. In a pipe that is closed at one enduhddmental frequency i§ =ﬁ and only

the odd harmonics in the serie$§ (5f,...) are possible.

INVESTIGATION 1: OSCILLATIONS

You have already studied oscillations with a mass
and spring in Investigation 5 of Lab 6 on Work
and Energy. In Activity 5-1 you measured the
spring constant using the apparatus shown in Fig.
6. We don’t need the force probe that is shown in .
Fig. 6 in the present investigation.

The spring is hooked to the hook clamp at the top,
and the motion detector placed below measures
the position of the index card.

In Activity 5-2 you examined the conservation of

energy with air resistance provided by the card
taped to the bottom of the mass. We are more
interested now in studying the oscillations

themselves, not the energy. We will examine, in
particular, the damping of the motion with the air T
resistance and the phenomena of resonance when EEEEEEE———
we drive the motion with an external oscillatorttha

replaces the force probe. Figure 6

You will need the following:

* masking tape * motion detector

* 50-g mass * spring

* index cards (two sizes)

* hook clamp and supports to suspend spring

ACTIVITY 1-1:DAMPED OSCILLATIONS

1. Set up the apparatus as shown in Figure 7. Thagsp@ connected to a hook
clamp that is slid onto the upper rod. Tape a 3” yndex card on the bottom of
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202 Lab 12- Oscillations and Sound

the 50 g mass. Make sure the index card is leVke
motion detector should be on narrow beam and shoul
be centered directly below the index card.

2. Open the experiment fileL12.A1-1 Damped
Oscillation. This file will have an automatic stop
after about 20 s. It can be increased if needed.

Prediction 1-1: We need the index card to allow the motion
detector to see an object that can reflect the domaves
from the motion detection. Imagine that if we 8@t spring

in oscillation without the index card that the massuld
oscillate sinusoidally for a long time with littelamping. In .
practice, of course, the motion will always dampt ou il ﬁ —
somewhat. Do you think the index card adds adduffio

damping due to air resistance? What do you preuactld

happen if we used a larger index card? Figure7

3. Start taking data with the mass at rest a few s#x@md then have one student
lift up the 50 g mass about 10 — 13 cm (don’t measurel)etrgo. You want the
mass to oscillate straight up and down without msicle motion. We find the
subsequent motion is better when we lift the magglly rather than pulling it
down. You should see the oscillationdData Studio but they will be diminished
over time by an exponential function. You may se&w spikes in the data
where the motion detector missed seeing the cdrg.taking data a few times
until you obtain clean data. Keep this data rundoalysis andgrint out one
copy for your group.

4. Determine the period and frequency of the sinugaiddion. Describe what you
did and show your work below. Try to be as preasepossible. The delta
function of the Smart Tool may be useful here.

Period Frequency

Question 1-1: Try to estimate the damping termm from the time constant of the
exponential damping of your motion. The time cansis the time it takes to decrease to
e’ of the motion at a given point. So the dampingnter will be (time constant).
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Describe how you find the damping temmand give your value.

Time constant amping terma

Prediction 1-2: You will next repeat step 3 with a larger indexcc How do you think
your values for period and damping constant wiiroipe?

5. Now replace the index card with the larger one @pkat steps 3 and 4 above.
Print out your data for your group. In order to saveeti you do not need to
determine the period and damping constant from gatai.

Question 1-2: Eyeball your two data graphs for the small angdandex cards. Judge
by looking at the data how the period and dampimgstant compare for the two index
cards? Did they agree with yoRrediction 1-2? Discuss your eyeball values for the
two experiments and how they did or did not change.

DISCONNECT THE SPRING FROM THE TOP AND
PLACE THE SPRING AND MASS ON THE TABLE!
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INVESTIGATION 2: PROPERTIES OF WAVES

In this investigation you will measure the frequgneavelength, and period of a wave.

The materials you will need are: « PASCO function generator

» Computer system with PASCO interface

=
&
bl
o
e}
=

FREQUEMCY - HERTZ

QUTPUT|

coe =

i
©

<H b

EXTERMAL
@O PASCO INTERFACE

<HNl

ADJUST |  AMPLITUDE GND@

1 2 3 4 A B C
. MIN.MAX L@ ®®®@ ..

FUNMCTION GENERATOR
& \oltage Probe

Figure 8. Connect cables from the PASCO function generator to the interface.

ACTIVITY 2-1. OPERATION OF FUNCTION GENERATOR AND OSCILLOSCOPE M ODE OF
DATA STUDIO

We first examine the output of the function genardty using the oscilloscope mode of
Data Sudio.

1.

Set up the experiment as shown in the diagramgr8F The function generator
is turned on by a switch on the rear of the uibnnect the voltage probe into
channel A of the PASCO 750 interface. Connectrdét banana plug of the
other end to the LAD output of the function generator. Connect theclbla
banana plug to the GND output of the function getwer

Look at the Waveform setting on the function gat@r. The light indicating the
sine curve should be lit. If it is not, push thdtbns above and below the up and
down arrows to choose the sine curve. Set thaiémrecy to 1000 Hz by turning
the ADJUST knob (bottom left). You may need toustlthe Range buttons to
obtain 1000.0 Hz. Note that by using the Rangeéobsf{ you can obtain an
output accurate to 0.1 Hz.
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3. Start Data Sudio if not already started and open the experimermt fitled
L12.A2-1.Wave Properties You will see Data Sudio in the oscilloscope
mode.

4. Click on the Start icon, and you might see ddfanot, do not despair, because
you probably need to make several adjustments.ryBrme should pay attention
to this procedure! The x-axis is the time scatel the horizontal grid represents
a time range. Look at the bottom of the screendic#t the left or right arrows
by the “ms/div” indicator and set this to 0.5 ms/diThe y-axis represents the
voltage output of the function generator. Lookttee Amplitude area on the
function generator and turn the knob to about ti® Yon the clock) position.
You may or may not be seeing a sine curve on timepater monitor by now.
You still need to set the y-axis setting of theilbkescope. Look at the top right
area on the monitor and you will observe a boxdating voltage A with a
“VIdiv’ range and up and down arrows. This représehe volts/grid line on the
vertical scale. Click the up or down arrows uptit have 0.5 V/div.

5. If you don't see the sine curve, there is one $&iting that needs to be done.
Oscilloscopes have a trigger level that only all@ignals above a certain level
to be observed. You will see this trigger leveltbe left side of the monitor data
region. It will probably be a small red arrow. t 8@ computer mouse arrow to
be on top of this trigger level indicator (you shibthen see the small hand icon).
Move the trigger up and down vertically using theuse, and you should see the
beginning of the sine curve start and stop at thetiqular level. The heavy
horizontal grid line is zero voltage, so noticettilau can even trigger the sine
curve on a negative voltage. By moving the triggeel too far negative or too
far positive notice that the signal goes away. tTi®decause your signal is not
large enough. You can make the signal reappeardogasing the Amplitude on
the function generator! Do this. The trigger legah be very useful sometimes
to help clean up signals. Sometimes we forget laade the trigger level too
high, and we cannot see our data.

Question 2-1: With the oscilloscope settings as described eéps®4 and 5, answer
the following:

Full time width of horizontal scope view: S

Maximum positive voltage on vertical scale: Vv

Ul

HINT : We want you to use the scale settings on theng-y-axes to determine thi
You can check your results by using the Smart Tool.
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ACTIVITY 2-2. WAVE PROPERTIES

We will use the same settings as the previousiactiy examine the wave properties.
1. The function generator frequency should bsliset at 1000.0 Hz.
2. For this frequency calculate the period exgect
PeriodT S

3. Determine the period of the waveform using a@keilloscope data. The easiest
method is to use the Smart Tool to determine th& tome for multiple cycles
(periods); then divide the total time by the numbkperiods to obtain the period
for one cycle.

Number of time periods Total time S

Period S

Question 2-2: Compare your experimental results for the merath the calculated
one from the function generator. Explain any dipancies in the results.

Question 2-3: Change the frequency setting on the function ggaeto 500 Hz while
observing the output with the oscilloscope. Ddmrnvhat happens. Does this make
sense?

INVESTIGATION 3: SOUND

In this investigation we will examine sound wavesveling down the plastic tube and
examine interference effects. We will use the fiomc generator to drive a speaker
placed at one end of the plastic tube.

In addition to the material used for the previooselstigation we will need to add the
following:
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* 90 cm clear plastic tube * speaker

* two mounting stands for tube * 3-mtape

* microphone with battery power amplifier  wall mounted thermometer in room

* long brass rod * black and red wires to connect speaker

ACTIVITY 3-1. STANDING WAVES IN A CLOSED TUBE

1. The experiment may or may not be set-up when ydareghe laboratory, with
proper cable connections between the apparatusllossepe and function
generator. We will check this in steps 4-6 belogbee Fig. 9.) NOTE: The
microphone is a pressure transducer.

2. We want to study standing waves in a closed tubaeyes want the plastic tube set
up like that described in the introduction. The &rnth the speaker should have the
spacer inserted so there is a space of 3 mm bettheeplastic piece holding the
speaker and the end of the plastic tube. Thisepen end. The other end of the
plastic tube should have the insert placed in tihe tset precisely at the 80.0 cm
mark (this is the value @f, the length of the tube) . This is the closed &mnk end
of the tube (with the 3 mm opening) is open. Whbea end of the tube is open and
the other end is closed, we call it a closed tuldé¢hen both ends of the tube are
open, we call it an open tube.

3. Open experiment fild.12.A3-1 Standing Wavesin Data Sudio. This file will
look just like the previous one, but the y-axisssevity has been increased by a
factor of 100 because of the smaller signal confrioign the microphone.

4. The black and red wires should be connecteddstwhe speaker input on one end
of the plastic tube to the GND and L® output of the function generator. It is
okay to simply insert the banana plugs into thesaieeady there. The sound should
be clearly audible, but not loud. Note also tmany function generators become
more efficient at higher frequencies, so you magdn® reduce the amplitude as
you raise the frequency.

5. Insert the microphone through the small endafajpe sound tube (speaker end).
Insert the brass rod through the same hole andtkepmicrophone onto the end
of the brass rod such that the microphone itself2scm past the end of the rod.
Use masking tape to attach the microphone wirdlyigh the brass rod in a few
places along the length of the brass rod. Hopefutlu will find it in this
situation, but you may have to repair it. The mptrone is slid back and forth
into the 90-cm long plastic tube. Note there ssvétch on the microphone wire to
turn the microphone amplifier on and off. It shibble found in the off position in
order to save special, expensive batteries. Iffymiit on, please tell the TA so
we can deduct points from the previous studentsglthe experiment at this
table! Make sure you turn the microphone amplififrat the end of the lab. You
can now turn on the microphone. The other enchefwire for the microphone
should be connected to the BNC adapter that isexied to Channel B of the
ANALOG CHANNEL INPUT on the PASCO interface.
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CAUTION!
YOU CAN DAMAGE THE SPEAKER BY OVERDRIVING IT.
RAISE THE AMPLITUDE ON THE FUNCTION
GENERATOR CAUTIOUSLY .
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Figure 9. Setup for sound tube, oscillator, ancraghone

6. Set the frequency of the function generatattout 900 Hz and the AMPLITUDE
knob to about 9 o’clock. StaBata Studio and you should see sine waves. This
represents the traveling sound waves moving badkfanth in the plastic tube.
The waves leave the speaker, travel down the tafiect from the closed end,
and then interfere with the incoming sound wav®ge will look for the places
where the traveling waves interfere to make therpeap to be standing or
stationary waves as described previously. If yoo'dsee a signal, check that the
triggering level inData Sudio is not too high. You might also move the
microphone (on the brass rod) back and forth artd timt the signal level goes
up and down. We will be examining the maximum algtevels in this
experiment. You should leave the microphone neactosed end of the tub.

7. In the pre-lab assignment you calculated seubragjs. Let's examine some of
those results. Go to the wall thermometer andewttitwn the room temperature.

Temperature
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Use Equation (5) in Appendix 1 to calculate thmeexd of sound at this
temperature just like you did for the pre-lab.

Speed of sound (theosd}i

Write down the fundamental frequency (determinedhm pre-lab assignment)
that you expect for this experimental setup (whickhe same as given you for
the pre-lab).

Expected fundamental frequency

We find that this fundamental frequency is not guibrrect because of edge and
other effects, but we do not have sufficient timestudy these effects. We want
to take measurements for the ninth and fifth haimé&equencies for the closed
tube. Use Equation (20) to calculate these expdotguencies. Remember that
we only obtain odd harmonics for the closed tube.

Expected@harmonic frequency

ExpectedBharmonic frequency

8. Set the function generator frequency to the expe@teharmonic frequency. The
microphone should be about 10 cm from the closetl dflove the microphone
back and forth a few centimeters until you obtairelative maximum signal on
the oscilloscope.

9. Now that we have the position of a presume antintates adjust the frequency,
because we mentioned previously that the calculafar the fundamental
frequency is not precise. The expect&th@rmonic frequency will not be quite
correct. We find the actual frequency is a lititever than expected. Slowly
decrease the frequency until you find the maximugmad on the oscilloscope
(and the loudest sound). Write down this frequency

Maximurf! Barmonic frequencf

Question 3-1: Put an X everywhere in the resonance sound @autisned above where
you expect to see a pressure node or antinode.
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10.Note how many standing wave maxima you should expethis case as you
move the microphone down the tube. You should ligtermined this in the pre-
lab assignment. Write down the positions of trending wave maxima as you
move the microphone towards the speaker. You nwyneed all the spaces

below.

Standing wave maxima cm
Standing wave maxima cm
Standing wave maxima cm
Standing wave maxima cm
Standing wave maxima cm
Standing wave maxima cm

Question 3-2: Did the number of standing maxima that you justnid agree with the
number you predicted in Question 3-1 above? If explain the difference.

11. Use the data in the previous step to determinewttaeelengthA. Show your
work.

Value of wavelength

12.Now determine the speed of sound, because you Wmaitv the frequency and
wavelength.

Experimental speed of sound
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Question 3-3: Compare the experimental speed of sound you flusdd with the
theoretical one you found earlier in step 7. Dsscinow well they agree. Discuss
possible errors if they are not within 5%.

ACTIVITY 3-2. STANDING WAVES IN OPEN TUBE

Now we want to examine standing waves for the dpbre. According to the discussion
in the Introduction, we should hear all the harnsdnéquencies. We will only examine
one of the harmonics in this activity.

1. We continue to use the same apparatus and expériieen

2. On the end of the tube opposite the speaker, rerttwdracket with attached
plug that closed the tube for the previous activityay the bracket with plug on
its side to support the end of the tube. We nowelan open pipe. Note that the
lengthL of the tube is now 90 cm. You calculated the amdntal frequency for
the open tube in the pre-lab assignment. Wridewn here.

Calculated fundamental trelgcy (open tube)

Question 3-4: We should find pressure standing wave maximpoattions where we
have pressure antinodes (or displacement noddsjul®&we have maxima at the ends of
the tubes? Explain.

3. Choose one of the harmonics fram= 3 to 6. List your choice below and
determine the expected frequency for this harmonic.

chosen harmonic: calculatadnionic frequency Hz

4. You will now perform a procedure similar to whatuydid in the two previous
activities. Move the microphone to a position weherou might expect a
maximum. Set the frequency to the calculated harmfrequency. Adjust the
frequency a little to find a maximum (it should kelittle lower than your
calculation). Then move the microphone back amthfa few cm to find the local
maximum. Now move the microphone to the far entdheftube and move it to
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determine all the standing wave maxima for thisrtaric. Write the postions
you found for the maxima below. (If the distances greater than 80 cm (on the
tape), simply estimate and move on. Don’t useréssilt in any calculation).

Experimental harmonic frequency Hz
Standing wave maxima cm
Standing wave maxima cm
Standing wave maxima cm
Standing wave maxima cm
Standing wave maxima cm
Standing wave maxima cm

5. Now determine the wavelength of the standing wangethe speed of sound.

Value of wavelemgt

Experimental speed of sound

Question 3-5: Compare your experimental speed of sound with dhe you
calculated previously. How good is the agreemerid®scuss. How might you
improve the experimental value?

TURN OFF THE MICROPHONE AND FUNCTION GENERATOR.
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APPENDIX 1: SPEED OF LONGITUDINAL WAVES

The propagation speed of longitudinal waves depepds the mechanical properties of
the medium. The calculation is beyond the scopthisfcourse. Here we just quote the

result:
speed=v = \/E Q)
Yo,

where p is the density of the medium aBds known as the bulk modulus defined by

PressureChange 4P

B=- =- _
FractionalVolume Change 4V/)V

)

One now must know the equation of state for theinmedn order to calculate the value of
B. In this experiment, you will be using air atr@gsure of 1 atmosphere (1 atm = 101.3
kPa) and at room temperature. At these condianwill be very well described by the
ideal gas law,PV =nRT . It should be realized that the pressure vanatibat constitute
sound waves are very small. A very loud soundesponds to a pressure change of about
10 Pa (1¢ atm) and a quiet sound has a gauge pressure cbiiegs than 0.002 Pa.

If the temperature of the gas remains constanhdutie passage of the sound wave then
PV = constant. However, when the gas is compressedetgerature actually rises and
when it expands the temperature decreases. Téasiloes an adiabatic process where no

heat enters or exits the system. In an adiababiceps for an ideal ga®V’ = constant
and we obtain a different result fBr The constany is the ratio of the specific heat at

constant pressure to that at constant volume.afstomic gas such as ay=  14For
monatomic gases such as heliupnz L67Thermal conductivities of gases are very

small, and it turns out that for ordinary soundgtrencies, from 20 to 20,000 Hz,
propagation of sound is very neaakjiabatic.

Using the adiabatic bulk modulisg, derived from the assumption thBY” = constant,
we determine the speed of sound for an ideal ghs to

v=|YP 3)

We can obtain a useful alternative form by usirgyitieal gas law to determine the density
p of an ideal gas. Remember tinas the number of moles) is the molecule mass per

mole, and the total massig =nM ). Then
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nM _ PM
NRT/P RT '

_m_
p=y (4)

WhereP is the pressureR is the gas constant, afidis the absolute temperature. If we
insert the density from Eq. (4) into Eqg. (3), we find the speed forideal gas to be

V= /VVRT. )

For any particular gas, R, andM are constants, and the wave speed is proportioriae
square root of the absolute temperature. Air atsisif 78% Nand 21% @ with a mean

molecular mass oM =288x10° kg/moleRecall thatR=8.3145 J/(mole K) and at a
room temperature of 20°C, T = 293 K.
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