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Lab Section (8, 9:30, 1, 2:30)              



SCIENCE 101    LABORATORY #6



Sound Waves and Interference
Prelab Questions


Carefully read the laboratory handout before coming to lab, and answer the following questions.  Put this sheet in the box on the instructor’s table at the front of the lab room when you enter.

Q1)  ____________________________ is a property particularly distinctive to waves.

Q2) What is the ONE knob you will need to adjust on the function generator control?                                                                                          

Q3) At what frequency should the function generator be set at?  

(Remember units!! 1 kHz = 1000 Hz)                               

Q4)  Why do you need to wait a bit after a change before recording any numbers from the sound meter? 

Q5)  What is diffraction?

Q6) What is the relationship between frequency, wavelength, and speed for a wave?                   
Q7) If the frequency of the sound is 20.15 kHz (20,150 Hz), what is its wavelength in centimeters?  Look on page 16 for the speed of sound.

Name ______________________

Lab Section (8, 9:30, 1, 2:30)             

Lab Partner __________________                                        


SCIENCE 101    LABORATORY #6



Sound Waves and Interference
INTRODUCTION

We are immersed in waves:  sound waves, light waves, radio waves, shock waves, ocean waves, and other varieties of waves as well.  A huge number of phenomena can be understood with the help of waves:  what makes a rainbow, why the light from lightning is seen before the sound is heard, why you can hear somebody standing around a corner but can’t see them, how a musical instrument works, why men’s voices are usually lower than women’s, why a microwave oven heats differently at different places in the oven, why a cellular phone antenna is the length that it is, etc.  


Waves have a number of properties, but a property which is particularly distinctive is the one called interference.  Interference is the term given to the phenomena which occur when two waves pass through the same position at the same time.  If conditions are right, the two waves can add together to produce a wave that is larger than either; on the other hand, they may tend to cancel each other and produce a smaller wave.  In fact, if the conditions are just right, the two waves can cancel each other completely.  


Observation of interference is a sure sign that one is dealing with wave phenomena.  Thus, interference has become a very important experimental tool in physics.  One of the amazing discoveries of 20th century physics is that very small particles (electrons, protons, atoms, and small molecules) produce interference effects in certain experiments.  This demonstrates that these small particles have wave-like properties.  The theory of quantum mechanics describes how these small particles behave, and it is the most successful and highly tested theory in physics.  It is also the most unusual.  You will be introduced to the theory of quantum mechanics during the last week of the physics portion of Science 101.  Not only will this lab give you some experience with waves, it should help to prepare you for your introduction to quantum mechanics.

Lab Goals

To provide lab experience with several wave properties:



•
Diffraction



•
Reflection



•
Wavelength & frequency



•
Dependence of amplitude on source distance



•
Interference of two waves

Precautions and Hazards

Nothing in this lab requires any special precautions.  The apparatus is not hazardous except in obvious ways.  For example, when you bend your head down over the table to place your ear next to the speaker, make sure you don’t poke your face or eye with the vertical support rod for the microphone.

Part 1.  Get to Know Your Lab Equipment

Sound waves are the type of waves you will be studying today although everything you will do could in principle be done with any other wave that travels in space and is not confined to a line (like a cord) or a surface (like the head of a drum).


The source of sound waves is a small speaker.  For part of the lab you will use two speakers, so you have two of them.  The speakers are supported by a white plastic terminal strip which is itself supported on the vertical rod attached to the top of the lab table.  The electrical signal needed to power the speakers is provided by a function generator (also called a signal generator).  This is the tan rectangular instrument which is connected by a cable to the speakers.


Detection of the sound wave is done with a microphone.  The microphone looks identical to the speakers, and is attached to the small moveable stand.  A cable connects the microphone to a digital voltmeter (ELENCO M-1700) which will display the amplitude of the microphone output (in milli-volt units).  


The microphone and speakers are located about 22.5 cm (9”) above the table.  They are not closer to the table in order to keep sound waves which might reflect off the table from interfering with the experiments.  


You also have a couple of wooden blocks and some graph paper.  The wooden blocks (2”x4”x12”) will be used in Part 3 to reflect sound back to the microphone.  The graph paper (the large squares are 1 cm on a side) will be used to accurately position the microphone with the aid of the vertical wooden pointer that is positioned just beneath the center of the microphone.  You can locate the microphone above a specific point on the graph paper by placing the end of the pointer near the table directly over the desired location on the graph paper.

Part 1 - The Equipment 
Function Generator

The function generator produces a constant signal that is used to drive the speaker.  It has many (17) buttons and knobs.  Don’t panic!  All but one of the controls have been set to produce optimum results.  You will only need to use adjust one knob: 

AMPL - on the far right

The knob that sets the loudness of the sound wave is the small knob on the far right labeled “AMPL” with the letters “-20db” in orange just beneath.  Full loudness is obtained by turning the knob far clockwise (labeled MAX), and minimum loudness is where the knob is far counterclockwise (labeled MIN).  

The red numerical display shows the frequency of the sound wave in kHz.  During the lab you will operate at a single frequency of about 40.3 kHz (40,300 Hz).  This higher frequency is chosen for 2 reasons.  One, the speakers we are efficient only very near this frequency.  Two, this frequency is beyond our ability to hear.  This is desirable because that way we are not all driven crazy by the constant drone of sound.
The Sound Amplitude Meter  


Since the sound waves to be studied are much higher in frequency than you can hear, we need a different method of detecting them.  The microphone looks nearly identical to the speakers, but it is mounted on a stand that can be moved around on the table.  A wooden rod (pointed at both ends) is mounted directly below the microphone so the position of the microphone can be accurately measured using the graph paper attached to the table.  The microphone is connected by a gray electrical cable to a small black box called a digital multimeter.  


We will use the digital multimeter as our “ear”.  Just like the function generator, the meter has already been adjusted to read correctly.  Do not change any switch position on the meter.  The meter reading (in units of milli-volts) is almost proportional to the amplitude of the pressure variations in the air detected by the microphone.  Basically it is a “volume meter” telling us how loud the sound is.

The meter readings cannot change instantaneously.  For example, if you block the sound from reaching the microphone while the meter is registering a large signal, it takes a couple of seconds for the meter reading to go to zero.  When you remove the block, it takes another couple of seconds for the meter reading to stabilize again.  Because of this, you will need to wait a couple of seconds after making a change and let the meter reading stabilize before recording any numbers.
Part 2 - Sound Amplitude Measurements without Interference

You are now going to study two very general and important properties of waves:  how waves spread as they leave a small source, and how the wave amplitude decreases as the distance to the source increases.  The spreading of the wave as it propagates is called diffraction.  Diffraction is the reason you can hear someone speaking when they are around a corner.  The wave amplitude decreases as the wave gets further from the source and expands to fill a larger volume.  This is why when you are talking to someone outside who is a long distance away; it is difficult to hear them.  

Procedure

The speaker is located above the position labeled S1 on the graph paper taped to the table.  For parts 2.1 and 2.2, the microphone pointer will be placed above the lines labeled ‘Part 2.1’ and ‘Part 2.2’ on the graph paper.  The graph paper coordinate system has the X-axis running parallel to the long side of the table.  The Y-axis runs parallel to the short side of the table, and is located directly underneath the speakers.  

Part 2.1  Sound Amplitude versus Distance to Speaker

Here you will measure how the sound amplitude changes as the distance between the speaker and the microphone is increased.  The speaker is placed directly over the point labeled S1 at (X = 0, Y = 10).  

1)
Position the microphone above the point (X = 12, Y =10), the first point on the line labeled ‘Part 2.1.’  Make sure the microphone is pointed straight towards the speaker.  It will be easy for you to keep the microphone pointing in the proper direction if you keep the edges of the rectangular microphone support base parallel to the lines on the graph paper.

2)
Adjust the function generator amplitude so that the sound amplitude is about 180 mV (± 10 mV) on the multimeter.

3).
Record the sound amplitude in the first line of the table below (for the point ‘Distance = 12 cm’).

4).
Move the microphone 3 cm further from the speaker to the point (X = 15, Y = 10).

5)
Record the sound amplitude in the second line of the table below.


Continue this procedure until all 8 points in the table have been measured.
6)
Plot your data on Graph 2.1 below.   Connect adjacent points with line segments to make your data more visible.

Table  2.1.  Sound amplitude versus distance from speaker.

Distance (cm)
Amplitude(mV) 
Distance (cm)
Amplitude(mV)


12 
                   
24
__________ 
                   


15
                   
27 
__________
                   


18 
                   
30 
__________
                   


21
                   
33 
__________
                   

Graph  2.1.  Sound amplitude versus distance from speaker.

Q1)  How does the sound amplitude change as the distance to the speaker is increased?                                                                                                       

Q2)  Does the change occur smoothly and gradually as the distance is increased or does the graph jump around?                                                                           

Q3)  As the distance is doubled from 12 to 24 cm, by what factor is the amplitude reduced (i.e., what is the ratio of the amplitude at 24 cm over the amplitude at 12 cm)?
Q4)  Ideally, your answer to Q3 should be exactly a factor of 22 = 4.  Is your answer reasonably close to this?                                                                             
Part 2.2  Sound Amplitude versus Distance from Beam Center

The sound beam emerging from the speaker initially has a cross-sectional area which is about the same size as the speaker.  As the wave travels it spreads out in the direction perpendicular to its direction of motion.  This effect is called diffraction.  The beam therefore takes on a shape which is approximately like a cone whose apex is at the speaker and whose symmetry axis is perpendicular to the front of the speaker.  The straight line which is perpendicular to the front of the speaker and runs through the center of the speaker is called the speaker axis.  So the sound travels outward along the speaker axis.  Ideally the speaker axis is parallel to the table surface, and runs straight down the line Y=10 on the graph paper.


Take a moment and try to visualize in your mind’s eye the sound waves emerging from the speaker.  Perhaps it might be easier to imagine a short pulse of sound emerging from the speaker.  The pulse travels with the speed of sound (about 343 m/s = 770 miles/hr) directly away from the speaker, and as it travels it expands towards the sides and becomes less intense.  Since sound waves are invisible you might imagine that you are watching the sound with the aid of a special video camera that shows the sound intensity using different levels of gray, sort of like a cloud:  a very dark cloudy region might correspond to very intense sound and a light cloud could correspond to a weak sound.  With the aid of this device, you see the sound pulse just after it leaves the speaker as a very dark small cloud that that grows in the direction perpendicular to its motion, and it gets less dark the bigger it grows.  The cloud also has a beautiful symmetry about the speaker axis.  Its shape is like a piece of the surface of a sphere whose center is located at the speaker and whose radius is equal to the distance from the sound pulse to the speaker.  


The speaker is emitting, at its resonance frequency, a continuous train of pulses.  So now in your mind’s eye imagine a continuous stream of pulses leaving the speaker and traveling outward in perfect unison, one after the other.  Each pulse in the train starts dark and gets lighter and expands as it moves outward along the speaker axis.  This image is somewhat analogous to what is occurring right now in the air before you.  


Here you will measure how the sound amplitude varies as the microphone is moved across the sound beam in a direction perpendicular to the speaker axis. Before you begin, however, you must adjust the function generator amplitude to be optimal for this measurement.

1)
To do this, first move the microphone "sideways" along the line X = 15 cm until you find the point where the sound amplitude is largest.  If your multimeter overloads, you will have to reduce the function generator amplitude.  

2)
Once you have found the point where the sound amplitude is largest, adjust the function generator amplitude so that the multimeter reads about 180 mV (± 10 mV) for that point.

3)
The microphone will be moved sideways along the line X = 15 cm starting at Y = 2 cm and ending at Y = 18 cm in 1 cm steps.  In other words, you will start at the point (X = 15, Y = 2), measure the sound wave amplitude with the multimeter, and record your value in Table 2.2.1 below.  Then move to the point (X = 15, Y = 3) and make and record another measurement.  Continue this way until you have finished the final measurement at (X = 15, Y = 18).  Make sure you keep the edges of the microphone stand always aligned with the graph paper axes so that the microphone direction stays the same.  Otherwise, variations in the microphone direction will degrade your measurements.

4)
Graph the data in Table 2.2.1 on Graph 2.2.1 below.  Connect adjacent points with line segments to make the data more visible.

Table 2.2.1.  Sound amplitude versus position perpendicular to beam.

Y (cm)      Amplitude (mV)           Y (cm)            Amplitude (mV)


2
___________
11 
___________


3
___________
12 
___________


4
___________
13  
___________


5
___________
14 
___________


6
___________
15 
___________


7
___________
16 
___________


8
___________
17 
___________


9
___________
18 
___________


10
___________


Graph 2.2.1.   Sound Amplitude versus position perpendicular to beam.
Q1)   At what position is the sound intensity a maximum?

Y position with maximum sound intensity (units!): _____________________                       

If the speaker axis is aligned with the graph paper axis, we would expect the Y position with maximum sound intensity to be at the same Y position as the speaker center (10 cm).  If your maximum is displaced from Y = 10 cm, it just means that the speaker is not quite pointing parallel to the X-axis.

Q2)   Describe how the graph of sound intensity versus Y position varies as the y position goes from 2 to 18 cm.  (Does it smoothly increase to a maximum and then decrease, or does it go back and forth between several maxima and minima?)



You should have observed a smooth change in intensity as you moved the microphone sideways along the X = 15 cm line.  This is similar to the way the volume drops as you move off to the side at a concert.

In part 3.2 you will repeat this measurement with two speakers working together.  In that case the intensity graph will change rapidly go back and forth between large and small values.  

Part 3.  Sound Wave Interference

Nothing you did in parts 1 or 2 directly involved the wavelength or frequency of the sound wave.  What you have done so far is observe how the sound wave amplitude varies with distance from the speaker along the speaker axis, and with distance perpendicular to the speaker axis.  Since the multimeter is not sensitive to the rapid variation in pressure as the sound waves travel past (the pressure is oscillating about 40,000 times a second), you cannot do anything with the single sound wave coming from the speaker that will allow you to directly measure the wavelength using only the multimeter.


However, if two waves are passing through a region of space at the same time, interference between the two waves can produce a stable pattern in the sound wave intensity which depends on the wavelength.  For example, in some locations the two waves may both produce a crest at the same instant in time, and thus add together to produce a large amplitude wave.  This is called constructive interference.  At other locations, one of the two waves may produce a crest while the other is producing a trough thereby canceling each other (called destructive interference).  

Part 3.1  Interference between waves from two speakers 


One way to get two sound beams to interfere is to generate the two beams with two speakers.  With two speakers you have flexibility to make the beams cross in any direction.  Interesting interference patterns result if the beams are traveling in nearly the same direction, having only a small angle between them.

Procedure:
1) 
Install the second speaker on the terminal strip.  Note that the speaker has a black mark drawn on the side which is close to one of the two speaker wires.  Attach the speaker wire nearest the black mark to the terminal contact with the black mark on the top.  Attach the other speaker wire to the terminal contact with the red mark on the top.  The centers of the two speakers are now 6 cm apart.  Use the screwdriver to moderately tighten the screws which hold the speakers in place.

2)
Position the microphone at the point X = 15 cm, Y = 13 cm.  This is along an axis midway between the two speakers.

3)
Gently loosen the screws holding each speaker, and rotate the speakers about 10 degrees so that each speaker axis points towards the microphone.  Then moderately tighten the screws holding each speaker.

4)
Lower the function generator amplitude so that it is only about 1/4 of a turn above the minimum (full counterclockwise) position.

5)
Test that each speaker is producing sound.  The most common way to have this part of the lab fail is for one of the speakers to not be generating any sound due to poor electrical connections at the screw terminals.

6)
Move the microphone along the X = 15 cm line and find the point of maximum sound amplitude.  You may have to reduce the function generator further if the multimeter overloads.  Once you have found the point of maximum sound amplitude, set the function generator amplitude so the multimeter reads about 180 mV (± 5 mV).

7) 
Starting at the point Y = 6 cm, move the microphone along the X = 15 cm line recording the sound amplitude every 0.5 cm in Table 3.2.1 below.  Make sure the microphone is always pointing straight ahead, parallel to the X-axis.

8)
Once you have Table 3.2.1 completed, position the microphone at one of the points near the middle (near Y=12) where the sound intensity is at a minimum or near zero.  You may have to move the microphone a little to find again the minimum point.  Now block the sound coming from one speaker by putting your hand over it (or use a small book, anything that will block sound), and note what happens to the sound intensity.  Record the value for the sound intensity you measure with neither speaker blocked and with one speaker blocked:

Sound intensity with neither speaker blocked: _____________________ (mV)                                                      

Sound intensity with one speaker blocked: ________________________(mV_                                                         

Q1)  For which situation (no speaker blocked, one speaker blocked) is the sound intensity greater?  (The answer may surprise you.)                                                         

9)
Graph the data on Graph 3.2.1 below.  Connect adjacent points with line segments to help make your data more visible.   

10)
Your graph should be very different from Graph 2.2.1 which was the same experiment performed with only one speaker.  Using a dotted line (or a marker of a different color), sketch your data from Graph 2.2.1 on top of Graph 3.1.1.  

The points of maximum amplitude are points where the sound waves coming from the two speakers constructively interfere, and the points of minimum amplitude are points of destructive interference.  It is possible to determine the wavelength of the sound from this graph but due to the complex geometry, the relationship is not obvious and we will not do it here.
Table 3.1.1.  Sound amplitude versus position for two speakers.
	Y (cm)
	Amplitude
	Y (cm)
	Amplitude
	Y (cm)
	Amplitude

	6
	
	10.5
	
	15
	

	6.5
	
	11
	
	15.5
	

	7
	
	11.5
	
	16
	

	7.5
	
	12
	
	16.5
	

	8
	
	12.5
	
	17
	

	8.5
	
	13
	
	17.5
	

	9
	
	13.5
	
	18
	

	9.5
	
	14
	
	18.5
	

	10
	
	14.5
	
	19
	


Graph 3.1.1.  Sound amplitude versus position for two speakers 




Q2)  Which graph shows the least variation in sound intensity versus y position:  the graph with one speaker (Graph 2.2.1) or the graph with two speakers (Graph 3.1.1)?                         

Q3)  What causes the additional variation of sound intensity observed in the one graph relative to the other?  

Part 3.2  Interference Produced by Two Reflected Sound Waves


You have two large wooden boards on your lab table.  They have been cut so they will stand vertically on one end, and will be used to reflect the sound wave produced by the speaker.  They work with our ultrasonic sound beams in exactly the same way that mirrors work with light; in fact, we will call them mirror boards (or just mirrors).  The microphone will be turned so that it is pointing directly away from the speaker (not towards it).  Then the two mirror boards will be placed downstream of the microphone and oriented to reflect sound back to the microphone.  Thus, two beams of sound will now hit the microphone.  Finally, one mirror board will be moved in small steps so the interference that is occurring at the location of the microphone will change back and forth between constructive and destructive interference as the mirror board is moved.  

Procedure
1)
Remove one speaker from the terminal strip.  Rotate the microphone stand by 180o so that it is pointing directly away from the speaker, and place the microphone above the point X = 15, Y = 10. 

2)
Turn the function generator amplitude to maximum.

Q4)  What is the multimeter reading?                (mV) 

The multimeter should be reading a very small value.  If it isn’t, ask your instructor for assistance.

3)
The mirror boards are 2” thick by 4” wide by 12” tall.  Stand one mirror board on end and place it so the 4” wide side is lying on the line X = 24 cm.  An outline of where the mirror board should be positioned is drawn on the graph paper and labeled “Mirror A”.  This mirror board will stay in the same location for the duration of the experiment.  Take some care to make sure the front of the board is lined up exactly with the X = 24 cm line.  If it is not well aligned, then the sound will be reflected in a different direction than the desired one.

4)
Stand the second mirror board on end and place it on the graph paper above the outline labeled “Mirror B”.  This mirror board will be moved during the experiment.  Take some care to make sure the front of the board is lined up exactly with the X = 24 cm line.

5) 
Place your eye directly above the microphone and make sure it is pointing straight along the speaker axis, and is not tilted towards either mirror.  This is an important adjustment, so do it carefully.

6)
Measure the sound amplitude at the microphone with the multimeter, and record the result on the first line in Table 3.1 below (for XMirror B = 24.0 cm).

7)
Carefully push the bottom of mirror B one mm forward so the front is aligned with the X = 23.9 cm line.  [Note:  the spacing of the thin lines on the graph paper is 1 mm.]  This is a small motion, and it will require some care to do it.  Make sure the front of mirror B is parallel with the Y-axis.  Measure the sound amplitude, and record the result in the table below.

Q5)  Does the sound amplitude change when mirror B is moved? _____________

8)
Continue pushing mirror B forward in one mm steps (always making sure to keep its front parallel to the grid lines) and recording the sound amplitude.  The amplitude should change dramatically with very small movements of mirror B.  [Note:  if the amplitude never gets above 20 mV, something is wrong with your apparatus, and you need to get help from the lab instructor.]  


After you have finished the measurement at X = 22.5 cm, plot the data on the Graph 3.1 below.  Connect adjacent data points with line segments to make the data more visible.


You should have observed that the sound amplitude went between large and small values about 3 or 4 times as you moved mirror B toward the microphone by a total displacement of 1.5 cm.  What you are observing is interference between the sound reflected by mirror A and the sound reflected by mirror B.  When the sound amplitude at the microphone is large, then the sound from mirrors A and B interferes constructively:  when a crest arrives at the microphone from mirror A, a crest is also arriving from mirror B.  And when a trough is arriving from mirror A, a trough is also arriving from mirror B.  When the sound amplitude at the microphone is small, then the sound from mirror A is cancelling some or all of the sound arriving from mirror B:  a crest from A arrives at the same time as a trough from B.

Table. 3.2  Sound amplitude versus mirror B position.

XMirror B
Amplitude
XMirror B
Amplitude


(cm)
(mV)
(cm)
(mV)  


24.0
___________
23.2
___________


23.9
___________
23.1
___________


23.8
___________
23.0
___________


23.7
___________
22.9
___________


23.6
___________
22.8
___________


23.5
___________
22.7
___________


23.4
___________
22.6
___________

23.3
___________
22.5
___________

Graph 3.2  Sound Amplitude versus mirror B position.

To help make clear exactly what is happening in this setup, stop and imagine a sound wave as it travels outward from the speaker, getting larger and less intense as it gets further from the speaker.  Half of the wave hits mirror A and reflects back towards the microphone, still expanding and getting less intense as it moves away from the mirror.  The other half of the sound wave hits mirror B, reflects, and also heads back towards the microphone.  Due to diffraction, both waves have spread some by the time they reach the microphone, and both have significant (though small) amplitudes at the microphone.  You can easily imagine how this beautiful similarity between the waves reflected from each mirror would be ruined if either the speaker or microphone was not pointed exactly parallel to the X axis, or if either of the mirrors was not aligned exactly parallel to the Y axis.  


Now focus your mind’s eye on the arrival of the two reflected waves at the front of the microphone.  If crests from each mirror are arriving simultaneously, then constructive interference occurs and a large amplitude wave will be observed.  If a crest from one mirror arrives with a trough from the other, destructive interference occurs and the two waves cancel in the region where they overlap.  Try to imagine this with your mind’s eye.  First imagine constructive interference where both crests arrive simultaneously.  As before, imagine crests as dark clouds, and troughs as very light clouds (or nothing at all).  Once you can imagine that, then imagine moving one of the mirrors a small amount so that a crest and a trough arrive together causing destructive interference.  This scene is something like what is occurring in the air above the lab table!  


How far you have to move mirror B to change from constructive to destructive interference depends on the wavelength of the sound wave.  Suppose mirror B is at a position so that constructive interference is occurring.  If you move mirror B by 2 mm towards the microphone, the sound approaching mirror B from the speaker has 2 mm less distance to travel before it hits mirror B.  Also, when the sound reflected from mirror B travels to the microphone, it has 2 mm less distance to travel to reach the microphone.  So the total change in the distance travelled by the sound to go from the speaker to the microphone is 4 mm.  Now to change from constructive interference to destructive interference at the microphone, the total path length difference for the sound to go from the speaker to mirror B then to the microphone has to change by 1/2 a wavelength.  You can understand this by realizing that a crest and a trough are separated by 1/2 wavelength in space.  So by changing the distance by 1/2 wavelength, if at a particular instant a crest arrived at the microphone before the move, after the move a trough would arrive instead.

Q6)  Look carefully at the graph of your data.  About how far did you have to move mirror B to change from constructive to destructive interference at the microphone?  (If your data shows that the interference changed from constructive to destructive several times as you moved mirror B, you might want to average the distances between constructive and destructive interference to obtain a more accurate number.)  

Movement of mirror B to reverse interference:                (cm) 

The answer to Q3) must be about equal to 1/4 the wavelength of the sound wave.  Thus, multiply your answer to Q3) by 4 to estimate the wavelength of the sound wave:

Estimated wavelength of sound wave:              (cm)

The wavelength can be calculated from the known speed of sound and the frequency using Equation 1:



speed of sound = wavelength x frequency.
(1)

Q7)  Using the frequency of your sound wave (in Hz, not kHz) and the speed of sound (343 m/s = 34,300 cm/s), determine the wavelength of your sound wave.  [Note:  1 kHz = 1000 Hz, so 40.3 kHz = 40,300 Hz.]

Calculated wavelength of sound wave:               (cm)  


If the estimated and calculated wavelengths are not consistent with each other, try to understand why they disagree.  If you can’t, ask your instructor for help.

Congratulations!  You have finished the lab activities!  To get the most out of this lab, you should think about the activities you have just completed, and ask yourself if you understand the main idea behind each activity.  Ask your instructor if you have any questions about what you did, or about the outcome of any part of the lab.

Please leave your lab table in the same state it was when you arrived.
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