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Compressible Flow – Speed of Sound and the Mach Cone 

Speed of Sound 
speed of sound = speed at which an infinitesimally weak pressure wave propagates  
 
 
 
 
 
 
 
 
Apply COM and the LME in the horizontal direction: 

  

For an isentropic process, 

 

For an ideal gas, 
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The Mach Cone 
 
Consider the propagation of infinitesimal pressure waves, i.e., sound waves, emanating from an object at 
rest.  The waves will travel at the speed of sound, c. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Now consider an object moving at subsonic velocity, V<c: 
 

The pressure pulses are more closely 
spaced in the direction of the object’s 
motion and more widely spaced behind 
the object.  Thus, the frequency of the 
sound in front of the object increases, 
while the frequency behind the object 
decreases.  This is known as the 
Doppler Shift. 

 
 
 
 
 
 
 
 
 
Now consider an object traveling at the sonic speed, V=c: 
 

Since no wave fronts propagate ahead 
of the object, an observer standing in 
front of the object will not hear it 
approaching until the object reaches the 
observer. 
 
Note that the infinitesimal pressure 
changes in front of the object “pile up” 
on one another producing a sudden, 
finite pressure change (a shock wave!) 
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Lastly, consider an object travelling at supersonic speeds, V>c: 
 
The object out runs the pressure pulses 
it generates. 
 
The locus of wave fronts forms a cone 
which is known as the Mach Cone.  
The object cannot be heard outside the 
Mach Cone.  This region is termed the 
zone of silence.  Inside the cone, the 
region known as the zone of action, the 
object can be heard. 
 
The angle of the cone, known as the 
Mach angle, α , is given by: 
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