
Module 14: Waves and Sound 

Vocabulary: 

Transverse Wave: A wave with a direction of propagation that is perpendicular to its direction of 

oscillation 

*Propagation – movement   Oscillation- direction of movement in an up and down motion 

Longitudinal Wave: A wave with a direction that is parallel to its direction of oscillation. 

Supersonic Speed: Any speed that is faster than the speed of sound in the substance of interest. 

Sonic Boom: The sound produced as a result of an object traveling at or above Mach 1. 

*Mach is a unit of measurement for speed. Mach 1 is traveling at the speed of sound. 

Pitch: An indication of how high or low a sound is, which is primarily determined by the frequency of the 

sound wave. 

 

 

             

             

             

            

 

 

Formulas: 

 Frequency = speed/wavelength    
 

 
 

 Speed of Sound in air  is translated as the following formula: 

V=(331.5 +0.6T)
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Figure 14.2 

A Transverse Wave 



 

Tables: 

The  Speed of Sound in Certain Substances 

Substance      Speed of Sound 
Air ( 25˚) C 246 m/sec 

Alcohol 1186 m/sec 

Fresh Water 1435 m/sec 

Wood( oak) 3848 m/sec 

Steel 5029 m/sec 

Aluminum 5093 m/sec 

Iron 5128 m/sec 

Glass 5503 m/sec 

 

The Loudness of Common Sounds 

Sound Decibels Sound Decibels 

Soft Whisper 20 Gasoline-Powered 
Mower 

95 

Normal  Conversation 40 Typical Rock Concert 115 

Busy Traffic 70 Possible Pain to Ears 120 

Pneumatic Drill 80 Possible Damage to 
Ears 

130 

 

 



 
Sound waves travel from the external ear to the middle ear, pass through the 

eardrum and enter the inner ear where they are interpreted and communicate with 

neural structures. 

 

Read more: http://www.umm.edu/imagepages/8684.htm#ixzz1q9pJs6Sj 

 

 

  

http://www.umm.edu/imagepages/8684.htm#ixzz1q9pJs6Sj


 

I. Introduction 

Waves are a form of energy which is measurable. Waves are not compromised 

merely by the water lapping upon the seashore. 

 

A Few websites to get you started in researching sound waves: 

http://www.physicsclassroom.com/class/sound/ 

http://www.mediacollege.com/audio/01/sound-waves.html 

 

II. Waves 

See Figure 14.2 in your book ( and above) for a sideways view of a wave. 

Here is a website where you can see both Transverse and Longitudinal waves in action: 

http://www.animatedscience.co.uk/blog/wp-content/uploads/focus_waves/tl-wave.html 

Note the terminology of a wave: 

 Crest- the highest point 

 Trough – the lowest point 

 Wavelength – distance between crests or troughs 

 Amplitude – height of the wave 

 Frequency- The # of waves hitting a fixed point by  certain time. 

 Lg wavelength = low frequency 

 Sm wavelength =  high frequency 

 

 Important to remember:  wavelength and frequency are inversely proportional. 

See the formula for  frequency:       
 

 
 

 Velocity is the speed at which a wave passes a given point. 

 The Greek letter Lamda    represents wavelength 

 Speed is measured in m/sec. 

 Since wavelength is a distance it is measured in meters. 

 

   
 
 

 
 
 

   
 
 

 
           

 

              
 

 

http://www.physicsclassroom.com/class/sound/
http://www.mediacollege.com/audio/01/sound-waves.html
http://www.animatedscience.co.uk/blog/wp-content/uploads/focus_waves/tl-wave.html


There are  2 Types of Waves: 

Transverse: 

(Defined on P. 343) The direction of 

travel(propagation) is perpendicular to the 

up and down(oscillation) movement of the 

wave. 

Similar to a Rope being heaved up and 

down.   

Longitudinal: 

(Defined on p.343) The direction  of travel ( 

propation) is parallel to the  up and down 

(oscillation) movement of the wave. 

Similar to a slinky. 

 

 Oscillation moves left to right. 

 Both propagation and oscillation move horizontally. They are parallel. 

 Be sure to study the diagrams on pages 342-343 to see the differences in these 2 waves. 

III. Sound Waves 

Sound is a longitudinal wave where air is the medium through which sound waves travel. As water is the 

medium where we see the oscillation, or up and down, movement of waves, air does the same thing for 

sound. 

Sound oscillates parallel to the motion of the wave. 

Take time to study the diagram of the ear. 

(The link below is a great study on the process  with diagrams but you have to have  a scribd to 

download  or print it out. You can sign in with a facebook account to read it.) 

http://www.scribd.com/doc/59274689/Diagram-of-the-Ear-and-Its-Functions 

 We hear through an amazing process of vibrations on each part of the 

anatomy which makes up our ear.  Though the stage of oscillation of the waves passing into the ear 

canal, the tympanic membrane moves which send s sensations which are picked up in the cochlea, 

which send a message which our brain interprets as sound. 

 How do you feel music? 

http://www.scribd.com/doc/59274689/Diagram-of-the-Ear-and-Its-Functions


 

IV. Speed of Sound 

The Formula for the Speed of Sound is: 

V=(331.5 +0.6T)
 

   
 

 It is important to remember to use the Celsius measurement for the T( temperature) 

 Velocity (v)  stands for the speed of sound. 

For this module it is good to review the Speed Formula:       
                 

             
 from Module 9. 

Now we use Algebra to make it a linear equation that looks like this: 

                                        

Insert the answer for velocity in the speed slot and the  time traveled ( this information should be given 

to you in the examples) and multiply across to get your answer. 

V. Speed of Sound in Other Substances 

Sound can travel in any substance that can have oscillating movement.  The speed of sound varies from 

substance to substance. 

 See Table 14.1 on page 351 to get a better idea of this concept. 

 Note the definition  for supersonic speed and sonic boom. 

 

 The unit of measurement ascribed to speed which is as fast or faster than sound is mach.  

 Mach 1 is the speed of sound, thus when a jet is traveling at the speed of sound it is at Mach 1. 

Pay close attention to Figure 14.5 on page 352 which describes sonic boom. This noise occurs when an 

object travels faster than the sound in the air. If you have ever been to an air show, you may have heard 

the boom the jets make.  We see them before we hear  them. 

The plane is traveling faster than the sound waves that it is producing. As the waves pile up into a cone 

formation, the jet outruns the waves and it produces a huge boom that you hear, after you actually see 

the plan fly by. 

Sonic booms can be very destructive. Remember they  are waves that propagate (travel) with oscillation 

( up and down movement).  Sonic booms can destroy human ears and buildings, so planes are not 

allowed  to travel above Mach 1 on residential areas.  

  



VI. Sound Wavelength and Frequency  

The key principle to remember here is that wavelength and frequency are inversely proportional. ( we 

have heard this before in other modules) 

 Note the definition of pitch 

After doing  experiment 14.3 you should be able to work through the following question: 

 What was the difference in the sounds you produced in the bottle? 

 Another question: What is the difference between the sound of a violin, viola, guitar and cello? 

 How do musicians change their pitch? 

 

The differences you hear are related to their pitch. Pitch is an indication of how high or low a sound is. 

Sound waves with a low pitch  have low frequency. 

Sound waves with a high pitch have a high frequency. 

High pitch Low Pitch 

Short wavelength Long wavelength 

High frequencies Low frequencies 

 

 The human ear can not hear all the sound waves in the air because we can always discern the 

frequency of that wave. We can only hear frequencies between 20 Hz and 20,000 Hz. 

o 20-20,000 Hz are  called longitudinal waves 

o More than 20,000 Hz are called ultrasonic waves. 

 Cats and Bats can hear Ultrasonic waves. 

o Less than 20 Hz are called infrasonic waves 

 Whales and elephants can hear infrasonic waves. 

VII. The Doppler Effect 

 Research Christian Doppler the Austrian Physicist who discovered the Doppler Effect. 

o http://micro.magnet.fsu.edu/optics/timeline/people/doppler.html 

 Websites to study the Doppler Effect 

o http://www.physicsclassroom.com/class/waves/u10l3d.cfm 

o http://hyperphysics.phy-astr.gsu.edu/hbase/sound/dopp.html 

o http://www.acs.psu.edu/drussell/Demos/doppler/doppler.html 

http://micro.magnet.fsu.edu/optics/timeline/people/doppler.html
http://www.physicsclassroom.com/class/waves/u10l3d.cfm
http://hyperphysics.phy-astr.gsu.edu/hbase/sound/dopp.html
http://www.acs.psu.edu/drussell/Demos/doppler/doppler.html


   

 

 The Doppler Effect shows how the wavelength changes in sounds, which is demonstrated in the change 

in pitch, as they are approaching you and/or are traveling away from you.   

When objects are moving towards you  the waves are bundled in front of the object so the wavelength  

is shorter and the frequency is higher or pitch. 

When an object is moving away from you  the sound waves you hear are stretched out making a larger 

wavelength and a lower frequency or pitch. 

VIII. The Volume of Speed 

All waves have amplitude  which is how loud a sound is. 

 Large Amplitude = loud sounds 

 Small amplitude = quiet sounds 

Large Amplitudes can damage your tympanic membrane  because of the beating or vibrations in your 

ears. 

 The amplitude of a sound wave governs how loud the sound is. 

 God designed your ear to reduce the response of the amplitude because the cells in the cochlea 

( inner ear) do not respond linearly to an increase in amplitude. 

The Bel Scale measures the  amplitude of sound waves. See table 14.2 on page 359. 

 http://en.wikipedia.org/wiki/Decibel 

A decibel is  
 

  
 of a bel.  By using the decibel as a standard measurement it brings the scale down to an 

easier level to determine acoustics or sound. 

 

The Human threshold is 0 decibels, while physical damage occurs at 130 decibels. 

 Look at the noise thermometer in the back of the cover of your text book. 

http://en.wikipedia.org/wiki/Decibel


 

 As you study the structure of the human ear, come up with a reason why you feel it can defy the 

theory of evolution. 

IX. Uses for Sound Waves 

As with anything in studying science and the beauty of God’s creation, we can also find multiple uses 

that are for the good of those who reside here.   Sound waves are not just for “hearing.” We can 

utilize the movement of sound to see things that we can’t actually see with the naked eye. In essence 

the actual waves that are emitted with sound can be projected into a physical image. *(Remember we 

can also feel sound waves, like in music.) 

Some examples of being able to “see” sound waves are found in: 

 Seismology 

o The Study of Earthquakes uses a machine called a seismograph to catch the infrasonic 

waves emitted and transfer them onto a machine which reflects the movement of the 

earth. 

 Echos: 

o This sound represents a process called refraction where the sound was stopped and 

bounced back. 

o You need to be 34 meters  away from an obstacle to hear an echo. 

 Ultrasounds: 

o Obviously this has been a fabulous find for medical imaging 

 This would be  good to research the history of ultrasound imaging. 

 Sonar: 

o Submarines use sonar to navigate in the dark waters of the ocean. 

o Animals, like bats and dolphins, use sonar to navigate. 

  



 

 

On Your Own Questions 

14.1 –A longitudinal wave is suddenly stretched so that its wavelength is increased.  If the speed of the 

wave does not change, what will happen to the wave’s frequency? 

14.2  - Suppose you are wading on a beach that is experiencing waves that move with a speed of 0.5 

meters per second and have a wavelength of 0.25 meters. If you stood still, how many waves would hit 

you every second? 

14.3 –What is the speed of sound in air when the temperature is 28˚C? 

14.4 – During a thunderstorm, the temperature is 18˚C. If you see lightning flash and hear the thunder 

1.5 seconds later, how far away did the lighting actually strike? 

14.5 – Remember from Module #9 that the outer core of the earth is liquid but the inner core is solid. If 

a geophysicist is studying how sound waves travel through the core, would he expect the sound waves 

to travel faster in the inner core or the outer core? 

14.6 – A jet is traveling at  Mach 1.8  when the temperature of the surrounding air is 0˚C. What is its 

speed in m/sec? 

14.7 – Many flautists also play the piccolo, an instrument that looks like a very small, short flute. Which 

instrument ( the flute or the piccolo) can produce notes with the highest pitch? 

14.8 – Are the wavelengths of ultrasonic waves shorter or longer than the wavelengths of sonic waves? 

14.9 – Suppose Experiment 14.4 were reversed. In this version of the experiment, the car sits still while 

your parent sounds the horn, and you run as fast as you can toward the car. Would the horn sound like 

it had a higher pitch, lower pitch, or the same pitch as it had when both you and the car are standing 

still? 

14.10 – The sound from a typical power saw has loudness of 110 decibels. How many times larger is the 

intensity of the sound waves from a power saw as compared to those of normal conversation (40 

decibels)? 

 


