Open at both ends

· We can fit any integral number of ‘half-waves’ into the pipe
· There is a pressure node at an open end
Fundamental frequency – first harmonic (n=1)
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2nd  harmonic (n=2)
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3rd harmonic (n=3)
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General rule:






Modes:
f, 2f, 3f, 4f etc…
Closed at both ends

· We can fit any integral number of ‘half-waves’ into the pipe
· There is a pressure antinode at a closed end
Fundamental frequency – first harmonic (n=1)
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2nd  harmonic (n=2)
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3rd harmonic (n=3)









General rule:






Modes:
f, 2f, 3f, 4f etc…

Closed at one end
· There is a pressure antinode at a closed end
· There is a pressure node at an open end
Fundamental frequency – first harmonic (n=1)







2nd  harmonic (n=2)








3rd harmonic (n=3)










General rule:






Modes:
f, 3f, 5f, 7f etc…

Closed at one end
· There is a pressure antinode at a closed end
· There is a pressure node at an open end
Fundamental frequency – first harmonic (n=1)







2nd  harmonic (n=2)








3rd harmonic (n=3)










General rule:






Modes:
f, 3f, 5f, 7f etc…
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