Physics of Brass Musical Instruments

Brian Holmes

Sound in Tubes and Stuff – How to Build a Trumpet

· Apparatus – a long spring tied to a long string with the other end of the string tied to the wall

· Can use this spring as a good communicator

Part A 
Begin with someone holding the other end of the spring

· 
Demo: Flip spring – up wave goes to other end, flips over and returns upside down

· Question: Why does wave flip over (invert)?

· What does it take to make a downward wave? – a force

Question: What exerts this force?

· Spring pulls hand up, therefore – hand pulls spring down

Question: Which pull is bigger?

· Neither – both the same (3rd law) Students  think person is bigger, thus pulls harder
· Question: Why does spring change directions and not the holder? 

· Spring has less inertia
Demo: Make a standing wave



Question: What is it? 



– 
some will say, “A traveling wave.” But I don’t see it. Only see up and down motion.



Question: How long before a wave repeats itself?




Demo: made an upward wave

· 


-
 bounces back as downward wave, reflects from me upward
· repetitive distance is 2L

· will say the wavelength is 2L

· 


Demo: Send little wave on top of standing wave

· see that little wave returns in the same time as hump repeats one repetition
a. 

Question: How can one change the frequency?

b. Make L Smaller

· 

Demo: Go half way down the slinky and make a wave
· takes less time due to shorter distance

c. thus high frequency, short instrument, low frequency, long instrument

· Demo: Pull some of spring into your hand 

· change 1 -> make it tighter, has bigger restoring force

d. change 2 -> decreased inertia, easier to move

e. Demo: Shake slinky faster – more repetitions per minute



Question: How many humps can we make? 


Demo: Shake spring until have 2 humps

· have node at either end, one in middle

· have two humps – number of humps indicate relative frequency


Demo: Make 3, 4, and 5 humps

· getting multiple humps implies that we are getting multiple frequencies



Conclusion:
With a node at either end, one gets a sequence of natural frequencies that are a multiple of the original (fundamental) frequencies. Must have a regular system with uniform tension and density.

Part B 
Only String holding other end

· 
Demo: Make up wave

· Goes down as an upward wave, comes back as an upward wave

· Why? String has (tiny) lesser inertia

· Is an antinode where spring connects to string

Question: What is at each end of the slinky?


-
node and antinode

Question: How far must wave go to repeat itself?

· upward wave goes down to end, shakes it up and returns as an upward wave

· at my end (a node) it hits my hand, inverts and goes back as a downward wave

· has not yet repeated itself

· travels to end, shakes spring downward and returns as a downward wave

· at my end it hits my hand, inverts and goes back as an upward wave

Conclusion: It must travel 4L before it repeats itself (has node one end, antinode at other)


Observation: Have half a hump with (node-antinode), whole hump with (node-node)


Conclusion: Have half a frequency with (node-antinode), whole frequency with (node-node)


Question: What is our pattern of frequencies (humps) with node-antinode?



Demo: with node at both ends create one hump, then let go.

· should see 11/2 humps



Demo: increase frequency to get 1/2, 3/2, 5/2, 7/2, etc.

· Get f, 3f, 5f, 7f, etc – not get whole number multiples


Conclusion:
-
with node-node, always double the frequency, get octaves

· with node-antinode, do not get this pattern

· Question: What is a trumpet? What is a violin?
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