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#8  Some Standard Distributions
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Let us review some standard (i.e., frequently occurring) distributions:

The “bell shaped” ones differ qualitatively by their tail behaviors:
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Normal (Gaussian) has the fastest falling tails:

Cauchy (aka Lorentzian) has the slowest falling tails:

Cauchy has area=1 (zeroth moment), but no defined mean or 
variance (1st and 2nd moments divergent).
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Student has power-law tails:

“bell shaped” but you get to specify the power with 
which the tails fall off.  Normal and Cauchy are 
limiting cases.  (Also occurs in some statistical tests.)

we’ll see uses for “heavy-tailed” distributions later

note that  is not (quite) the standard deviation:

“Student” was actually William Sealy Gosset (1876-1937), who spent his 
entire career at the Guinness brewery in Dublin, where he rose to become 
the company’s Master Brewer.  Brewing was one of the first “exact” modern 
manufacturing processes. More on Student later…
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Another class of distributions model positive quantities:

Exponential:
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Lognormal:

Mathematica (and also 
MATLAB) can do these 
integrals, no problem!
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Gamma distribution:

• Gamma and Lognormal are both commonly used as convenient 2-
parameter fitting functions for “peak with tail” positive distributions.

• Both have parameters for peak location and width.
• Neither has a separate parameter for how the tail decays.

– Gamma: exponential decay
– Lognormal: long-tailed (exponential of square of log)
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Chi-square distribution (we’ll use this a lot!)

Has only one parameter that determines both peak location and width.
 is often an integer, called “number of degrees of freedom” or “DF”

the independent variable is 2, not 

It’s actually just a special case of Gamma, namely Gamma(/2,1/2)
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NR3 has classes for many common distributions, with algorithms for p, cdf, and inverse cdf. 

Matlab and Mathematica both have many distributions, e.g.,

chi2pdf(x,v)
chi2cdf(x,v)
chi2inv(p,v)

• PDF p(x)
• CDF P(x)
• Inverse of CDF x(P)
• Random deviates drawn from it (we’ll get to soon)

Computationally, one wants efficient methods for all of:

P (x) ≡
R x
−∞ p(x

0)dx0


