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The gamma distribution

The gamma distribution

If a random variable X has the density

f (x) =
x
α−1

e
−x

β

Γ(α)βα

where x > 0 for some onstants α, β > 0, then X is said to have a gamma

distribution.

Gunnar Stefansson (editor) with ontributions from very many studentsThe gamma distribution Marh 7, 2022 2 / 5



The gamma distribution

The mean, variane and mgf of the gamma distribution

Suppose X ∼ G (α, β) i.e. X has density

f (x) =
x
α−1

e
−x/β

Γ(α)βα
, x > 0

Then,

E [X ] = αβ

M(t) = (1− βt)−α

V [X ] = αβ2
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The gamma distribution

Speial ases of the gamma distribution: The exponential

and hi-squared distributions

Consider the gamma density,

f (x) =
x
α−1

e
−x

β

Γ(α)βα
, x > 0

For parameters α, β > 0.

If α = 1 then

f (x) =
1

β
e

−x

β , x > 0

and this is the density of exponential distribution.

Consider next the ase α = v

2

and β = 2 where v is an integer, so the

density beomes,

x
v

2

−1

e
−x

2

2

2

0

This is the density of a hi-squared random variable with degrees of

freedom.
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The gamma distribution

The sum of gamma variables

In the general ase if X
1

. . .Xn ∼ G (α, β) are i.i.d. then

X
1

+ X
2

+ . . .Xn ∼ G (nα, β).

In partiular, if X
1

,X
2

, . . . ,Xv ∼ χ2

i.i.d. then

∑
v

i=1

Xi ∼ χ2

v .
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