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A lthough harmonics of standing 
waves in air columns are often 

displayed in first-year physics texts, 1,2 

demonstrations of these harmonics are 
rare. Most resonance apparatuses involv
ing air columns demonstrate only the 
fundamental frequency. A "new" addi
tion to the resonance demonstration col
lection is a singing corrugated tube or 
"sound pipe." The tube sings notes that 
depend on the velocity of air flowing 
through the tube. Twirling the tube at 
different speeds produces several audi-
ble harmonics. 

No Fundamental? 
The fundamental, however, isn't 

heard. This comes as no surprise to those 
who have read Frank: Crawford's article3 

on the subject that was published almost 
20 years ago. He observed no fundamen
tal when he analyzed the sounds pro
duced by a corrugated tube called a 
"Hummer." I observed similar results 
while analyzing a "Sound Pipe.,,4 Both 
the Hummer and the Sound Pipe are cor-

Fig. 1. Author demonstrates vacuum effect of the rotating corrugated tube (Photo by 
Paul Bienvenue, Audio Visual Learning Center). 

rugated flexible plastic tubes about 3 feet long and 1 inch in 
diameter, open at both ends. The twirled tube sings various 
notes, depending on the velocity of the air flowing through 
the tube and the length of the tube. Crawford explained that 
a given note will sing when the flow velocity is such that the 
frequency at which the air bumps into the corrugations (the 
"bump frequency") equals the frequency of the note, pro
vided that the flow velocity is sufficiently high to induce 
turbulent flow. Is there something fundamental about not 
hearing the fundamental? No. At the flow velocity at which 
excitation of the fundamental would have been expected, the 
tube was simply too long for the onset of the turbulence 
needed for singing. With a shorter tube, Crawford (as well as 
this author) did hear the fundamental. 

42 THE PHYSICS TEACHER VOL. 32, IAN. 1994 

Crawford's Wastebasket 
What is tbe effect of the corrugations on the frequency? 

Crawford hypothesized that the corrugation distance d (the 
distance from one corrugation crest to the next), the air-flow 
velocity v, and the resonance frequency f were related to each 
other according to the relation 

v = d-! (1) 

How can we test this hypothesis? Crawford devised a 
clever experimental technique. He took a large cylindrical 
plastic wastebasket, cut a bole in its bottom, and stuck one 
end of his corrugated plastic tube through the hole. Then he 
inverted the basket into a large tub of water, and by-pushing 
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the basket down or pulling it up he could use the water as a 
piston to force air through the tube. He could easily measure 
the rate at which the basket was sinking into the water. By 
taking the ratio of the cross-sectional area of the basket to the 
cross-sectional area of the tube, he was able to determine the 
air-flow velocity. We came up with a different method to 
estimate the air flow. 

Cadwell's Vuleo Camera 
There are a multitude of situations in which the video 

camera can be used in the classroom as a timepiece. My 
students were immediately captivated by the technique when 
I introduced the video camera as the means of measuring air 
flow. When you twirl the corrugated pipe, the outer end 
moves faster than the end in your hand. The reduced pressure 
at the outer opening of the tube causes air to flow through the 
tube. This air motion can be observed by watching small 
pieces of plastic "popcorn" (approximately 1 cubic mm) 
literally being vacuumed up into the stationary end of the tube 
and out the other end (see Fig. 1). We used a Panasonic AG 
1060 Video Editing Deck to measure the time it took for the 
specks of popcorn to travel through the tube. The video 
camera effectively shoots 60 frames per second. (More spe
cifically, there are two fields per frame and 30 frames per 
second.) Thus it was possible to measure the time it took for 
the popcorn to go through the tube to within an accuracy of 
about ±2 percent. The corresponding air-flow velocities 
agreed with results obtained using Crawford's wastepaper
basket technique. 

What was unexpected was that the air-flow velocity did 
not agree with tbe air-flow velocity predicted by Bernoulli's 
principle. In that case, the air flow would be equal to the 
velocity of the end of the tube. Instead, the results actually 
agreed with Crawford's hypothesis. Upon reflecting a bit, it 
was obvious that air friction could not be neglected. (Ber
noulli's principle assumes the airis frictionless.) Anyone who 
has blown air through various lengths of a hose has experi
enced the noticeable resistance associated with air friction, 
which reduces the air-flow velocity. I was also surprised that 
the mass of the plastic popcorn apparently had little effect. 
The velocity of the popcorn agreed well with both Craw
ford's hypothesis and the air-flow velocity obtained experi
mentally using Crawford's technique described long ago. 
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