
Stationary waves in open air columns 

Many musical instruments have tubes with two ends open. A standing wave is still produced 

as the longitudinal sound wave is reflected at the open ends too.  

Harmonics of an open tube: 

A tube must have an antinode (for displacement) at both ends of the tube when it is open in 

order to form a stationary wave. Unlike a tube with one close end, harmonics are all integer 

multiples of the fundamental frequency  

(f0 , 2f0, 3f0, 4f0,…….) 

Harmonic Frequency as a 

multiple of f0 

Length of tube Wavelength of the 
progressive wave (where L 
is the length of the tube) 

Fundamental 
frequency 

f0 L =  
 

2L 

Second harmonic 2f0 L = 
 

L 

Third harmonic 3f0 L = 
 

2/3 L 

Forth harmonic 4f0 L = 
 

½ L 

Fith harmonic 5f0 L = 
 

2/5 L 

 

Note that this is identical to a standing wave on a length of string and the formulas are the 

same  

( e.g. L = k(λ/2) ). The only difference is that antinodes (of displacement) must be at the 

ends as they are open. Whereas on a string nodes are present at the ends.  

The following diagram shows the displacement against distance along the pipe . The 

positions of nodes and antinodes (for displacement) are also shown. The wave shown is not 

transverse, it is longitudinal in nature, so the greater the amplitude of the wave shown, the 

greater the horizontal oscillation of the particles.  



 


