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blow over the top of a bottle? A simple theory, without even appealing to the idea of
normal modes was worked out by Helmholtz. The idea is to treat the air in the neck of the
bottle as a moving mass, and the air in the bulk of the bottle as a spring. To wit:

-
-

The neck has cross section A and length L. The bulk has volume V0. Take the bulk
modulus of air to be K = ypy, where py is atmospheric pressure.

a) Assume that the mass of air in the neck is depressed a small distance x. Write an
equation of motion for this mass under the restoring force from the bulk. Show that
the air in the neck oscillates with frequency

f=ys /A
2n Vol

where V¢ is the speed of sound.

b) Extra credit: Evaluate this frequency for an average beer bottle. Use v, =330nvs. If
you have the ability to do so, check your answer empirically. Convert f to note and
check on piano, or use tuning meter, etc. In practice, the oscillating air in the neck
extends somewhat into the bulk, and the effective L is more like L+1.2r where 1 is the
radius of the neck of the bottle. This might help your result.




(Please show each step of your solution and FINAL ANSWERS. Thank you.)

