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SIGMA (σ) 

 

 

The System of Study:  Let us postulate a system of study consisting of a p-population of gaseous 

atmospheric molecules in random motion in proximity space.  The surface of interest is the 

intangible surface of an imaginary sphere surrounded by the p-population.  The system temperature 

is postulated as T and the system mean molecular impulse mass is postulated as 
i

m . 

 

 

Definition of Sigma as the Root-Mean-Square Molecular Proximity Speed:  In the p-population 

of molecular proximity speeds, sigma is the root-mean-square molecular speed:   
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Here, sigma (σ ) is measured in meters per second, N is the total number of molecules in the 

system, 
p

v


is the individual molecular proximity velocity in meters per second, and rms
v is the 

square-root of the mean of the squares of the total of all N speeds.  

 

 Sigma is a pure speed.  It is not a velocity.  Although composed of molecular velocities (
p

v


) 

prior to processing, these component velocities have their directions sheared off in the squaring 

process.  Hence, they have no directional subscript.  That is why both σ  and rms
v  are shown in 

SIG01 without subscripts.   

 

 Moreover, since the p-population is in random motion, every molecular proximity velocity 

value in the +p-direction is equaled by an equal value in the -p-direction.  This makes the net 

direction zero, which I have chosen to interpret as no directional p-subscript at all.  Sigma is a 

positive scalar term; it is not a vector term.   

 

 

Definition of Sigma as the Standard Deviation of a Statistical Distribution:  Another term for the 

root-mean-square of a statistical distribution is the standard deviation.  In statistics, the standard 

deviation is customarily denoted by the Greek lower case letter sigma (σ ).  I have chosen the 

denotation “sigma” because it is easier to say than either “root-mean-square value” or “standard 

deviation”.   

 

 

Definition of Sigma as a Variable in the Thermal Term:  In the various equations of statistical 

thermodynamics, the combination 
B

k T  is ubiquitous.  This common combination has been called 

“the thermal term”.  Sigma appears as an important variable in its common equivalence:   
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Here, 
B

k is Boltzmann’s Constant in joules per molecule per Kelvin, T is the postulated system 

temperature in Kelvins, and 
i

m is the postulated system mean molecular impulse mass in kilograms.  

Note that once the system temperature and the system mean molecular mass have been postulated, 

sigma becomes the sole variable:   

 

SIG02 can be rewritten as:   
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The numerical value of σ in SIG01 is identical to its numerical value in SIG03.   

 

 

Definition of Sigma in Terms of the Speed of Sound:  In Speed of Sound, we see that:   
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Here, γ is the ratio of the specific heat of the system gas at constant pressure to the specific heat at 

constant volume.   

 

 

The Role of Sigma in Probability Theory:  Let us start with the probability density equation.  This 

equation postulates a random distribution of x-values in a population whose mean value is x  and 

whose standard deviation value is : 
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Here, ( )x is the probability that any element of the distribution of will have the specific value x, x

is the mean value of x for the population, and σ is the standard deviation of the distribution.  Note 

that the curve is defined by the two variables:  the mean ( x ) and the standard deviation ( ).   

 

 

* * * * * 
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