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Unit 13: Waves and Optics – Wave Motion and Sound 

OBJECTIVES:  

Big Idea 6: Waves can transfer energy and momentum from one location to another without the 

permanent transfer of mass and serve as a mathematical model for the description of other 

phenomena. 

Enduring Understanding 6.A: A wave is a traveling disturbance that transfers energy and momentum. 

Essential Knowledge 6.A.1: Waves can propagate via different oscillation modes such as transverse 

and longitudinal.  

a. Mechanical waves can be either transverse or longitudinal. Examples should include waves on a 

stretched string and sound waves.  

b. Electromagnetic waves are transverse waves.  

c. Transverse waves may be polarized.  

Learning Objective 6.A.1.1: The student is able to use a visual representation to construct an  

explanation of the distinction between transverse and longitudinal waves by focusing on the 

vibration that generates the wave.  

Learning Objective 6.A.1.2: The student is able to describe representations of transverse and 

longitudinal waves.  

Learning Objective 6.A.1.3: The student is able to analyze data (or a visual representation) to  

identify patterns that indicate that a particular mechanical wave is polarized and construct an 

explanation of the fact that the wave must have a vibration perpendicular to the direction of 

energy propagation.  

Essential Knowledge 6.A.2: For propagation, mechanical waves require a medium, while 

electromagnetic waves do not require a physical medium. Examples should include light traveling 

through a vacuum and sound not traveling through a vacuum.  

Learning Objective 6.A.2.1: The student is able to describe sound in terms of transfer of energy 

and momentum in a medium and relate the concepts to everyday examples.  

Learning Objective 6.A.2.2: The student is able to contrast mechanical and electromagnetic 

waves in terms of the need for a medium in wave propagation. 

Essential Knowledge 6.A.3: The amplitude is the maximum displacement of a wave from its 

equilibrium value.  

Learning Objective 6.A.3.1: The student is able to use graphical representation of a periodic 

mechanical wave to determine the amplitude of the wave.  

Essential Knowledge 6.A.4: Classically, the energy carried by a wave depends upon and increases 

with amplitude. Examples should include sound waves.  

Learning Objective 6.A.4.1: The student is able to explain and/or predict qualitatively how the  

energy carried by a sound wave relates to the amplitude of the wave, and/or apply this concept 

to a real-world example. 
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Enduring Understanding 6.B: A periodic wave is one that repeats as a function of both time and position 

and can be described by its amplitude, frequency, wavelength, speed and energy. 

Essential Knowledge 6.B.1: For a periodic wave, the period is the repeat time of the wave. The 

frequency is the number of repetitions of the wave per unit time. 

Learning Objective 6.B.1.1: The student is able to use a graphical representation of a periodic 

mechanical wave (position vs. time) to determine the period and frequency of the wave and 

describe how a change in the frequency would modify features of the representation.  

Essential Knowledge 6.B.2: For a periodic wave, the wavelength is the repeat distance of the wave.  

Learning Objective 6.B.2.1: The student is able to use a visual representation of a periodic 

mechanical wave to determine wavelength of the wave.  

Essential Knowledge 6.B.3: A simple wave can be described by an equation involving one sine or 

cosine function involving the wavelength, amplitude, and frequency of the wave.  

Learning Objective 6.B.3.1: The student is able to construct an equation relating the wavelength  

and amplitude of a wave from a graphical representation of the electric or magnetic field value 

as a function of position at a given time instant and vice versa, or construct an equation relating 

the frequency or period and amplitude of a wave from a graphical representation of the electric 

or magnetic field value at a given position as a function of time and vice versa. 1 

Essential Knowledge 6.B.4: For a periodic wave, wavelength is the ratio of speed over frequency.  

Learning Objective 6.B.4.1: The student is able to design an experiment to determine the  

relationship between periodic wave speed, wavelength, and frequency and relate these 

concepts to everyday examples. 

Essential Knowledge 6.B.5: The observed frequency of a wave depends on the relative motion of 

source and observer. This is a qualitative treatment only.  

Learning Objective 6.B.5.1: The student is able to create or use a wave front diagram to 

demonstrate or interpret qualitatively the observed frequency of a wave, dependent upon 

relative motions of source and observer. 

Enduring Understanding 6.C: Only waves exhibit interference and diffraction. 

Essential Knowledge 6.C.1: When two waves cross, they travel through each other; they do not 

bounce off each other. Where the waves overlap, the resulting displacement can be determined by 

adding the displacements of the two waves. This is called superposition.  

Learning Objective 6.C.1.1: The student is able to make claims and predictions about the net  

disturbance that occurs when two waves overlap. Examples should include standing waves.  

Learning Objective 6.C.1.2: The student is able to construct representations to graphically 

analyze situations in which two waves overlap over time using the principle of superposition. 

Enduring Understanding 6.D: Interference and superposition lead to standing waves and beats. 

Essential Knowledge 6.D.1: Two or more wave pulses can interact in such a way as to produce 

amplitude variations in the resultant wave. When two pulses cross, they travel through each other; 

they do not bounce off each other. Where the pulses overlap, the resulting displacement can be 

determined by adding the displacements of the two pulses. This is called superposition.  

                                                           
1 We will deal with this conceptually here and relate it to the electric and magnetic fields of electromagnetic 
radiation in the next unit. 
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Learning Objective 6.D.1.1: The student is able to use representations of individual pulses and  

construct representations to model the interaction of two wave pulses to analyze the 

superposition of two pulses.  

Learning Objective 6.D.1.2: The student is able to design a suitable experiment and analyze data  

illustrating the superposition of mechanical waves (only for wave pulses or standing waves).  

Learning Objective 6.D.1.3: The student is able to design a plan for collecting data to quantify 

the amplitude variations when two or more traveling waves or wave pulses interact in a given 

medium.  

Essential Knowledge 6.D.2: Two or more traveling waves can interact in such a way as to produce 

amplitude variations in the resultant wave.  

Learning Objective 6.D.2.1: The student is able to analyze data or observations or evaluate 

evidence of the interaction of two or more traveling waves in one or two  

dimensions (i.e., circular wave fronts) to evaluate the variations in resultant amplitudes.  

Essential Knowledge 6.D.3: Standing waves are the result of the addition of incident and reflected 

waves that are confined to a region and have nodes and antinodes. Examples should include waves 

on a fixed length of string and sound waves in both closed and open tubes.  

Learning Objective 6.D.3.1: The student is able to refine a scientific question related to standing  

waves and design a detailed plan for the experiment that can be conducted to examine the 

phenomenon qualitatively or quantitatively.  

Learning Objective 6.D.3.2: The student is able to predict properties of standing waves that 

result from the addition of incident and reflected waves that are confined to a region and have 

nodes and antinodes.  

Learning Objective 6.D.3.3: The student is able to plan data collection strategies, predict the  

outcome based on the relationship under test, perform data analysis, evaluate evidence 

compared to the prediction, explain any discrepancy and, if necessary, revise the relationship 

among variables responsible for establishing standing waves on a string or in a column of air.  

Learning Objective 6.D.3.4: The student is able to describe representations and models of  

situations in which standing waves result from the addition of incident and reflected waves 

confined to a region. 

Essential Knowledge 6.D.4: The possible wavelengths of a standing wave are determined by the size 

of the region to which it is confined.  

a. A standing wave with zero amplitude at both ends can only have certain wavelengths. Examples 

should include fundamental frequencies and harmonics.  

b. Other boundary conditions or other region sizes will result in different sets of possible 

wavelengths.  

Learning Objective 6.D.4.1: The student is able to challenge with evidence the claim that the  

wavelengths of standing waves are determined by the frequency of the source regardless of the 

size of the region. 

Learning Objective 6.D.4.2: The student is able to calculate wavelengths and frequencies (if 

given wave speed) of standing waves based on boundary conditions and length of region within 

which the wave is confined, and calculate numerical values of wavelengths and frequencies. 

Examples should include musical instruments.  



GUIDED NOTES 
 

Essential Knowledge 6.D.5: Beats arise from the addition of waves of slightly different frequency.  

a. Because of the different frequencies, the two waves are sometimes in phase and sometimes out 

of phase. The resulting regularly spaced amplitude changes are called beats. Examples should 

include the tuning of an instrument.  

b. The beat frequency is the difference in frequency between the two waves.  

Learning Objective 6.D.5.1: The student is able to use a visual representation to explain how  

waves of slightly different frequency give rise to the phenomenon of beats. 

 

NOTES 

I. Wave Basics 

A. Definitions:  

1. Waves are _________________________________ that ____________________________ 

____________________ from one location to another. They ________________________ 

from one location to another. 

2. Periodic vs. pulse waves 

a. ______________________________ are waves that occur again and again due to a steady 

source of energy; particles in periodic waves exhibit simple harmonic motion. 

b. ______________________________ result from a single input of energy. 

3. Waves can travel or “stand.”2 

a. ______________________________ appear to move along a medium without any points 

that appear to stand still. 

1.) Free end: When the end opposite the energy source is free to move, it simply oscillates. 

2.) Reflection from a fixed end: When the end opposite the energy source is fixed in place, 

it reflects the energy back along the medium. In this case the medium experiences 

superposition of one wave on top of another. (More on this in a later section.)3 

b. Standing waves move along a medium in such a way that there is a stagnant vibrational 

pattern allowing some particles to appear to stand still. (More of this to come, as well) 

  

                                                           
2 We will examine specific behavior of these in more detail later in the unit. 
3 There can also be two fixed ends with an energy source emanating from the middle, as in a guitar string. 

http://phet.colorado.edu/sims/wave-on-a-string/wave-on-a-string_en.html
http://phet.colorado.edu/sims/wave-on-a-string/wave-on-a-string_en.html
http://www.physicsclassroom.com/mmedia/waves/harm4.cfm
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4. Mechanical waves vs. electromagnetic waves 

a. ______________________________ require a medium. Examples include sound waves. 

b. ______________________________ do not require a medium and can travel through a 

vacuum. They consist of vibrating electric fields and magnetic fields oriented 

perpendicularly. 

B. Wave propagation: Waves propagate via different oscillation modes such as transverse and 

longitudinal.  

1. ___________________________: Waves in which the ________________________________ 

to the direction of wave travel creating _________________ and _________________ 

a. Transverse waves look like this: 

 

b. Examples: electromagnetic waves (such as radio waves, light waves …) and waves on strings 

2. ______________________________: Waves in which the ______________________________ 

to the direction of wave travel creating areas of ______________________________________ 

as particles oscillate toward and away from each other 

a. Longitudinal waves look like this: 

  

b. Examples: sound waves, P-wave earthquake waves 

C. Parts of a periodic wave: “A periodic wave is one that repeats as a function of both time and 

position and can be described by its amplitude, frequency, wavelength, speed and energy.” 

1. __________________: The distance across one cycle of a wave or the “repeat distance”; 

symbol: _______________ 

2. Timing waves: 

a. _______________: The number of times in a second  a particle passes through one full 

wave cycle; 𝑓 measured in Hertz (s-1) 

b. _______________: The time for a particle passes through one full wave cycle, or the 

“repeat time” of the wave; 𝑇 measured in seconds; 

c. Frequency and period are inversely related. 

http://www.acs.psu.edu/drussell/Demos/waves/wavemotion.html
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3. _______________: The ___________________________ of a wave from its equilibrium value. 

 Classically, the energy carried by a wave depends upon and increases with amplitude.  

 Narrative example: (a) Generate an explanation of why a sound wave from a more 

energetic source will have a greater amplitude. (b) Then explain why this does not affect 

frequency nor period. (c) Describe this sound in terms of transfer of energy and 

momentum in a medium and (d) relate the concepts to everyday examples. 

 

 

 

 

 

 

 

 

 

 

4. Parts specific to transverse waves: 

a. _______________: The highest point 

b. _______________: The lowest point 

c. Sketch: Identify a crest, a trough, one wavelength, and the amplitude. 
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5. Parts specific to a longitudinal wave: 

a. __________________: Area of highest density 

b. __________________: Area of lowest density 

c. Sketch: Identify a compression, a rarefaction, one wavelength, and the amplitude. 

 

 

6. Try this: To the right of the wave below, sketch what would happen if the period decreased. 

What would this do to the frequency? 

 

 

D. Graphing periodic waves: A simple wave can be described by an equation involving one sine or 

cosine function involving the wavelength, amplitude, and frequency of the wave. 

1. The formula 

 

 

can be used to describe the wave where… 

 𝑥 is the position of the wave at time 𝑡 

 𝐴 is the amplitude (i.e., maximum displacement) 

 𝑓 is the frequency 

 𝑡 is the time 

 (https://graphsketch.com/ is a nice website to help you practice.) 

 

NOTE: The sine function can be used, as well. The cosine function is given in the “MECHANICS” 

sections of the AP Physics 1 and AP Physics 2 equation sheets. 

https://graphsketch.com/
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2. Example 1: Sketch graphs to describe two periodic waves of the same period in which the 

amplitude of one wave is twice that of the other. Generate a cosine or sine function for each. 

 

 

 

 

 

 

3. Example 2: Plot graphs to describe two periodic waves of the same amplitude in which the 

period of one wave is twice that of the other. Generate a cosine or sine function for each. 

 

 

 

 

 

 

4. Example 3: What is the amplitude of a wave that is described by the function 𝑥 =  2𝑠𝑖𝑛(𝜋𝑡)? 

What is the frequency? 
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E. ________________ of a wave 

1. The velocity of a wave obeys the following relationship.  (Notice the units are m/s.) 

 

 

 

2. Transverse waves on a string: 

a. _______________________________ in the string 

b. ____________________________________________ of the string (mass per unit length in 

kg/m)  

3. Longitudinal waves, such as sound: 

a. _______________________________ of the medium (so vsolid > vliquid > vgas) 

b. ________________________________________________________ (defined by constants 

unique to each medium) and… 

1.) For gasses: velocity α temperature and 1/α  particle mass 

2.) Fun fact: The gas volume changes caused by compressions/rarefactions are adiabatic. 

(You totally do not need to know this, but it’s fun.) 

c. Example 4: A sound wave with a frequency of 800 Hz has a distance of 43 cm between 

compressions. a.) What is the wave’s speed in air? b.) Will it go faster or slower if the air 

heats up?  c.) Would it go faster or slower if it were to have been propagated in a solid 

instead? 
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F. Wave energy: Power and intensity 

1. Wave power: the energy the wave carries per second, in Watts;  

the power will be consistent as the wave travels. 

2. Intensity: the wave power per surface area  

a. Formula:  

b. Units: 𝑊
𝑚2⁄  

** This is not on the formula sheet. Know it conceptually. 

G. ________________________________ 

1. Basic information on pitch and color: 

a. ____________ of sound: Sound waves with a higher frequency are  

perceived as having a higher pitch. Therefore: 

 Low pitch: low frequency, long wavelength (“low low long”) 

 High pitch: high frequency, short wavelength 

 Fun fact: Young human creatures typically hear 20 – 20,000 Hz. 

By the time human creatures reach middle age, the high range 

decreases to about 12-14,000 Hz. Try this hearing test! 

b. ____________ of light: 

 Red: low frequency, long wavelength 

 Orange – yellow – green: middle frequencies and wavelengths 

 Blue: high frequency, short wavelength 

 Fun fact: Human creatures see the yellow-green frequencies/wavelengths the best. 

2. The Doppler effect relates frequency and wavelength to a _____________________ OR a 

________________________________. 4 

a. Source ________________from an observer: ________________ are ________________ 

and the __________________________than the actual source. 

b. Source ________________ an observer: ________________ are ________________ and 

the ________________ are ________________than the actual source. 

  

                                                           
4 This is relative motion. The observer could be moving away from a stationary source, or the net relative motion 
results in moving away from each other. 

http://www.audiocheck.net/audiotests_frequencycheckhigh.php
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c. Sketches: These are “wave front diagrams” meaning the circles show the positions of the 

crests or compressions moving outward from the source. 

1.) Light:  

 

2.) Sound: 

 

 

 

 

 

  

Stationary Subsonic 

Sonic Supersonic 
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H. ________________ of transverse waves 

1. Linearly ________________ transverse waves5 ________________________________ 

exclusively. This direction is called the direction of polarization. For example: 

2.  

 

 

 

 

 

3. ________________ are materials that polarize transverse waves by allowing only waves of one 

direction of linear polarization to pass through them. (Note that all the vertical components of 

the transverse light waves pass through the first slit. Therefore ________ of the light passes 

through.) 

a. Sketch:6 

 

b. Unpolarized light reflecting off of a surface also becomes polarized. (Example: Road glare 

becomes horizontally-polarized.) 

c. Many applications, including 3-D movies, which use cross-Polarized lenses and projectors to 

give each eye a different view, and Polaroid7 sunglasses, which reduce horizontally-

polarized road glare.) 

 

                                                           
5 Longitudinal waves cannot do this because the oscillations are parallel to the direction of wave travel. 
6 Later when you are studying this after you’ve explored electromagnetic radiation in the next unit, you’ll wonder 
which field becomes polarized, the electric field or the magnetic field. Usually we consider the electric field to be 
the polarized field with the magnetic field reestablishing itself perpendicular to the electric field on the opposite 
side of the polarizer. 
7 A brand name 
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II. Superposition and Wave Interference 

A. When two waves cross, they travel through each other; they do not bounce off each other. Where 

the waves overlap, the resulting displacement can be determined by adding the displacements of 

the two waves. This is called superposition, and the result is called wave interference. 

1. ___________________________________________: When ____________________________ 

are present ________________________________________________, the _______________ 

disturbance ________________ of the disturbances from the individual waves. 

2. Examples: For the following, sketch what the waves look like at their points of superposition. 

Assume the waves are on the same string even though they are shown above and below each 

other. 
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B. Types of interference: 

1. ________________________________ occurs when the waves are exactly _______________. 

a. In-phase means the ________________________________ such that compressions and 

rarefactions (longitudinal) or crests and troughs (transverse) ________________________ 

____________________, ________________________________. This occurs when 

________________________________________________________________ 

________________________________. 

b. For example: Transverse in-phase traveling waves moving in the same direction with no 

difference in path lengths… 

 

c. For example: Transverse in-phase traveling waves moving in the same direction whose path 

lengths differ by an integer multiple… 
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2. ________________________________ occurs when the waves are exactly _______________. 

a. Exactly out-of-phase means the waves overlap such that ____________________________ 

________________ (longitudinal) or _________________________________ (transverse) 

________________________________, ________________________________. This 

occurs when ________________________________________________________________ 

________________________________________________. 

b. For example: Transverse out-of-phase traveling waves moving in the same direction with 

no difference in path lengths… 

 

c. For example: Transverse in-phase traveling waves moving in the same direction whose path 

lengths differ by a non-integer multiple… 
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3. ________________________________ wave interference can happen as well, such as with 

________________________________. 

 Great website: http://phet.colorado.edu/en/simulation/wave-interference (Be sure to select 

two sources on the right side, and observe the water, sound, and light. For sound, be sure to view the particle 

animation as well as the grayscale.) 

 Nice animation: http://www.physicsclassroom.com/Class/light/u12l3banimn.gif  

 

 In the above image at point B, the crests overlap because the path lengths for the two traveling 

waves differ by an integer multiple. There is constructive interference here. (Note that if this were 

a longitudinal wave, the compressions would overlap at this point, creating extra-dense 

compressions. What do you think it would sound like to stand here if S1 and S2 were speakers?) 

 

 In the above image at point E, a crest overlaps a trough because the path lengths for the two 

traveling waves differ by a half-integer multiple. There is destructive interference here. (Note that 

if this were a longitudinal wave, a compression would overlap a rarefaction at this point, creating 

stillness. At this point, you would hear no sound, even though there are two speakers! However, 

this would only occur if the speakers put out a single frequency wave.) 

http://phet.colorado.edu/en/simulation/wave-interference
http://www.physicsclassroom.com/Class/light/u12l3banimn.gif
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C. ________________________________ 

1.  Standing waves occur when an ___________________________________________________  

________________________________ upon each other _______________________________ 

of no vibration and “standing” points of maximum vibration.  

 These are in contrast to traveling waves. 

 The ________________________________is an incident wave whose energy and 

momentum have reflected off of a barrier and back through the original medium. The 

reflected wave interferes with the ________________________________ (initial wave) 

through superposition. 

 Important: A reflected transverse wave always reverses its amplitude upon reflection. 

 IF the reflected wave and the incident wave overlap but do not creating “standing” points, 

the result is not a standing wave. (The results is simply a mess.) 

 http://phet.colorado.edu/sims/wave-on-a-string/wave-on-a-string_en.html  

 

  

http://phet.colorado.edu/sims/wave-on-a-string/wave-on-a-string_en.html
http://hyperphysics.phy-astr.gsu.edu/hbase/waves/standw.html
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2. Anatomy of a standing wave: 

a. ____________ do not vibrate due to ________________________________ where the 

reflected wave is exactly out-of-phase with the incoming wave. If nodes occur at a steady 

location at all times, a standing wave results. 

b. ________________ are points of maximum amplitude due to ________________________  

when the waves are exactly in-phase for a moment at the same location. If the constructive 

interference repeats regularly at the same location, a standing wave may result if there are 

also nodes elsewhere. 

 Example: As a wave reflects, its own crest becomes a trough. If this reflected trough 

overlaps an incoming trough, constructive interference occurs at that location at that 

moment in time.  

c. A fantastic animation: http://www.rkm.com.au/ANIMATIONS/WAVES-standing-waves-

superpositioning.html (Be sure to press pause repeatedly to see the waves constructively 

superimposing at the points of reflection.) 

  

  

http://www.rkm.com.au/ANIMATIONS/WAVES-standing-waves-superpositioning.html
http://www.rkm.com.au/ANIMATIONS/WAVES-standing-waves-superpositioning.html


GUIDED NOTES 
 

3. Case 1: ____________ standing waves on ___________________________________________ 

a. Standing waves on strings fixed at both ends ______________________________________ 

and can have additional nodes throughout the string.  

 

        (The forbidden standing waves  

      would result in just a messy wave 

pattern on the string.) 

 

 

b. ______________________________________and ___________________ of a standing 

wave on a string 

1.) Natural frequencies are ____________________________________________________ 

on a string with fixed ends. When energy is continually added exactly in-phase with one 

of these frequencies, ___________________ occurs, reinforcing the vibration.  

a.) The _____ frequency, which produces nodes only at the ends resulting in one half 

wavelength on the string, is called the ______________________________________ 

or the first harmonic, which can be labeled 𝑓1 or 𝑓0. 

b.) Natural frequencies beyond the fundamental frequency are the other 

___________________ and are ___________________________________________ 

___________________ frequency. (On musical stringed instruments these are also 

called overtones.) 

http://upload.wikimedia.org/wikipedia/commons/c/c3/Allowed_and_forbidden_standing_waves.png
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2.) Each harmonic has a specific pattern.  

 

 

 

3.) Harmonic frequencies can be determined based on wave velocity 𝑣 through the medium 

and the length 𝐿 of the medium as follows, where 𝑛 equals the harmonic number. 8 

You are responsible for making these calculations, but the formulas are not on the 

equation sheet.  

 Frequency:  

 

 Wavelength:  

 

  

                                                           
8 These formulas are not on the formula sheet, but you are responsible for calculating frequency and wavelength 
of harmonics. 

http://www.physicsclassroom.com/class/waves/Lesson-4/Harmonics-and-Patterns
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4.) Example 5: A standing wave pattern with three nodes is produced in a 1.0m string fixed 

at both ends. The amplitude of the antinodes is 0.2m. The speed of the waves in the 

string is 1.5m/s. What is the frequency of the standing wave pattern? What is the 

wavelength of the string? What is the amplitude of the incident wave? 

 

 

 

 

 

 

4. Case 2: ______________________________________ 

a. Anatomy of a standing longitudinal wave 

1.) Particles at nodes do not vibrate at all. 

2.) Particles at antinodes have maximum oscillation. 

b. Standing longitudinal waves in pipes 

1.) _______________________________ 

a.) ___________________ (_______________________) exist ___________________, 

and __________ exist _________________________. 

b.) ______________________________________ also occur in open-ended pipes. 

___________________ frequencies can be determined based on wave velocity 𝑣 

through the medium and the length 𝐿 of the medium as follows. (Again, you are 

responsible for calculating these, but the formulas are not on the equation sheet.)9 

 Frequency:  

 

 Wavelength:  

                                                           
9 Stop yelling at me. It’s not my fault! 
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c.) Example 6: A flute is an open-ended tube, and the different notes are created by 

uncovering holes to change the “length” of the tube. Assume all the holes on a flute 

of length 65.5cm are covered in a room where the air temperature is 10C, where 

the speed of sound is 337m/s. If the flute is supposed to play middle C (262 Hz) when 

all holes are covered, will the flute play in tune? 
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2.) ______________________________________ 

a.) Antinodes (low pressure) exist at the open end, and ___________________exist in 

the ___________________ AND ___________________________.  

______________________________________ can exist (example 6, below.) 

b.) Natural frequencies also occur in closed-ended pipes. Harmonic frequencies can be 

determined based on wave velocity 𝑣 through the medium and the length 𝐿 of the 

medium as follows: (You guessed it…responsible, not on sheet, yelling at me, etc.) 

 Frequency:  

 

 Wavelength:  

 

 

 

c.) Example 7: Prove that an even-numbered harmonic cannot exist in a pipe that is 

closed at one end. 
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d.) Example 8: Pipe organs work by closing and opening one end of each pipe. An organ 

player has closed one end of a 26cm organ pipe at 20C, where the speed of sound is 

343 m/s. What will the fundamental frequency and the first three overtones be? 

 

 

 

 

 

 

 

D. ___________: A unique interference phenomenon 

1. Beats arise from the ____________________________________________________________.  

2. Because of the different frequencies, the two waves are _______________________________ 

and ______________________________________. The resulting _______________________ 

_________________ are called beats.  

3. The ____________________________________________________between the two waves. 

4. Examples 

a. Animation: http://www.walter-fendt.de/ph14e/beats.htm  

b. Sketch: 

 

c. Fabulous applet: 

http://www.cabrillo.edu/~jmccullough/Applets/Flash/Fluids,%20Oscillations%20and%20W

aves/Beats.swf  

http://www.walter-fendt.de/ph14e/beats.htm
http://www.cabrillo.edu/~jmccullough/Applets/Flash/Fluids,%20Oscillations%20and%20Waves/Beats.swf
http://www.cabrillo.edu/~jmccullough/Applets/Flash/Fluids,%20Oscillations%20and%20Waves/Beats.swf

