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The	
  Gamma	
  Family	
  
•  The	
  Gamma	
  Distribu/on	
  
•  The	
  Exponen/al	
  Distribu/on	
  
•  The	
  Chi-­‐Squared	
  Distribu/on	
  

•  Skewed	
  distribu/ons	
  
•  Do	
  not	
  all	
  have	
  the	
  same	
  shape	
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The	
  Gamma	
  Distribution	
  
•  A	
  con/nuous	
  RV	
  X	
  has	
  a	
  gamma	
  distribu,on	
  if	
  it	
  has	
  the	
  
following	
  pdf:	
  

	
  
•  Where	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  is	
  as	
  defined	
  on	
  the	
  following	
  slide.	
  

f (x;α,β) =
1

βαΓ(α)
xα−1ex/β , x ≥ 0

0 otherwise
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Γ(α)

α > 0, β > 0
E(X) =αβ V (X) =αβ 2

The	
  Gamma	
  Function	
  
•  For	
  α	
  >	
  0,	
  the	
  gamma	
  func,on	
  is	
  defined	
  as:	
  

	
  
•  Important	
  proper/es:	
  

Γ(α) = xα−1e−x dx
0

∞

∫

For α > 0, Γ(α) = (α −1) ⋅ Γ(α −1)
For any positive integer n,Γ(n) = (n−1)!

Γ( 1
2 ) = π
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Gamma	
  Density	
  Curves	
  

The	
  Exponential	
  Distribution	
  
•  A	
  con/nuous	
  RV	
  X	
  has	
  an	
  exponen,al	
  distribu,on	
  if	
  it	
  has	
  the	
  
following	
  pdf:	
  

	
  
•  The	
  cdf	
  is:	
  

f (x;λ) = λe−λx, x ≥ 0
0 otherwise
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E(X) = 1
λ

V (X) = 1
λ 2

F(x;λ) =
0 x < 0

1− e−λx, x ≥ 0
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Exponential	
  Density	
  Curves	
  

The	
  Chi-­‐Squared	
  Distribution	
  
•  A	
  con/nuous	
  RV	
  X	
  has	
  a	
  chi-­‐squared	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  distribu,on	
  if	
  it	
  
has	
  the	
  following	
  pdf:	
  

	
  
•  It	
  is	
  a	
  Gamma	
  distribu/on	
  with	
  α	
  =	
  ν/2	
  and	
  β=2.	
  
•  The	
  parameter	
  ν	
  is	
  called	
  the	
  degrees	
  of	
  freedom	
  of	
  X	
  

•  Important	
  distribu/on	
  for	
  many	
  types	
  of	
  sta/s/cal	
  inference.	
  

f (x;α,β) =
1

2ν /2Γ(ν / 2)
xν /2−1ex/2, x ≥ 0

0 otherwise
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E(X) =ν V (X) = 2ν

(χ 2 )


