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Shale Gas Thumper Trucks
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• developed by a Austrian physicist, Ernst Mach
• ratios of the actual speed of sound at the conditions of 

temperature and pressure in which the object is flying.

• therefore, Mach 1 describes an object travelling at the speed of 
sound for the conditions indicated
> ex: a plane flying at 331m/s at 0℃

• Mach 2 would be an object flying at 2X the speed of sound for 
those conditions

https://www.youtube.com/watch?v=imoxDcn2Sgo

https://www.youtube.com/watch?v=imoxdcn2sgo
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https://www.youtube.com/watch?v=gWGLAAYdbbc

• light rays appear 'bent' when 
the beam passes from one 
medium into another

• ex: From water into air

• called 'refraction'
> heat waves, rainbows

https://www.youtube.com/watch?v=gwglaaydbbc
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• the term 'optically dense' refers to any material where the 
speed of light in that material is low in comparison to the 
speed of light in another material

• the more optically dense a material is, the greater the change 
from the speed of light in a vaccuum
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• it turns out that the constant 
above is actually the index of 
refraction for that medium
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• Cause a beam from a 
laser to be incident on the 
refractive material at 
various angles.

• Measure and record the 
angle of incidence and 
angle of refraction

• Using Snell's Law, 
calculate the index of 
refraction for the material 
used.

• Compare your value with 
that of other students 
using the same material.
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'critical angle'
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• Place a 50 cm long piece of plastic pipe inside 
a large graduated cylinder almost completely 
filled with water that is at room temperature.

• Sound a tuning fork and hold it over the 
open end of the plastic pipe. Raise the pipe 
slowly out of the water while keeping the 
tuning fork positioned over the open end. 
Measure the lengths of the air column for 
which resonance occurs. Repeat the 
procedure using a different frequency tuning 
fork.

Analyze and Conclude

1. Use a thermometer to measure the room temperature. Calculate the speed of 
sound in air, and from that, the wavelength of the sound produced by the first 
tuning fork.
2. By how much is one resonance length longer than the previous one? (If you were 
able to determine three or more resonance lengths, was this increase in length 
constant?) What fraction of a wavelength is this increase in resonance length?

3. Repeat questions 1 and 2 for the second tuning fork.

which lengths will resonate 
for a specific frequency
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Resonance Lengths of a Closed Air Column
A vibrating tuning fork is held near the mouth of a narrow plastic pipe partially submerged in water. The 
pipe is raised, and the first loud sound is heard when the air column is 9.0 cm long. The temperature in 
the room is 20°C.

(a) Calculate the wavelength of the sound produced by the tuning fork.

(b) Calculate the length of the air column for the second and third resonances.

(c) Estimate the frequency of the tuning fork.
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which frequencies resonate 
at a specific length
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Harmonics in a FixedLength Air Column
1. An air column, open at both ends, has a first harmonic of 330 Hz. 

(a) What are the frequencies of the second and third harmonics?

(b) If the speed of sound in air is 344 m/s, what is the length of the air 
column?

The air column is open at both ends, so the harmonics are integral multiples of f1.

An air column, closed at one end, has a first harmonic of 330 Hz. If the 
speed of sound in air is 344 m/s, what is the length of the air column?
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You  must determine:

Are you looking for the length of column that will resonate for a 
specific frequency?

or

The frequency that will resonate at a specific length of column?

AND

Is the column 'open' or 'closed'

Summary of EquationsOpen vs Closed Columns, Frequency vs Length
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One "beat" is a complete cycle from loud to 
quiet to loud, and the "beat frequency" is 
the number of cycles of loudquietloud 
produced per second.

Demonstration
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Finding the Unknown Frequency
A tuning fork of unknown frequency is sounded at the same time

as one of frequency 440 Hz, resulting in the production of beats.

Over 15 s, 46 beats are produced. What are the possible frequencies

of the unknownfrequency tuning fork?

• late 1700's
• tried to see if light could be bent (diffracted)
• if mechanical waves diffract, would light waves as well?
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Demonstration

 Waves Unit Review Questions

p. 446 

#115, 17, 1923, 28, 3959 
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