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Table of discrete distributions functions, E (X), Var (X)
Name X= pmf PHX=KL params EHXL VarHXL

Bernulli Number of wins on this trial
1 - p k � 0

p k � 1
p p H1 - pL p

Binomial Number of wins in n trials

Each trial has p chance of winning

H1 - pLn-k pk n

k
p,n n p n H1 - pL p

Geometric Number of trials needed to

to obtain a success, Each trial has

p chance of success

H1 - pLk p p 1
p

- 1
1- p

p2

Negative Binomial Number of trials needed to

to obtain r successes, Each trial has

p chance of success

H1 - pLk pr k + r - 1

r - 1
r,p

H1- pL r

p

H1- pL r

p2

Hypergeometric Number of black balls drawn

from urn when taking m balls without

replacement. urn has total of n balls

r black and m white

n-r

m-k

r

k

n

m

m,r,n m r

n

m Hn-mL r I1-
r

n
M

Hn-1L n

Poisson Number of events in given period ã-Λ Λk

k!
Λ Λ Λ
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Name X= pmf PHX=KL params EHXL VarHXL

Bernulli Number of wins on this trial
1 - p k � 0

p k � 1
p p H1 - pL p

Binomial Number of wins in n trials

Each trial has p chance of winning

H1 - pLn-k pk n

k
p,n n p n H1 - pL p

Geometric Number of trials needed to

to obtain a success, Each trial has

p chance of success

H1 - pLk p p 1
p

- 1
1- p

p2

Negative Binomial Number of trials needed to

to obtain r successes, Each trial has

p chance of success

H1 - pLk pr k + r - 1

r - 1
r,p

H1- pL r

p

H1- pL r

p2

Hypergeometric Number of black balls drawn

from urn when taking m balls without

replacement. urn has total of n balls

r black and m white

n-r

m-k

r

k

n

m

m,r,n m r

n

m Hn-mL r I1-
r

n
M

Hn-1L n

Poisson Number of events in given period ã-Λ Λk

k!
Λ Λ Λ

2  nmaChartOfDistributions_PDF.nb

Printed by Mathematica for Students



Table of continuous distributions functions, E (X), Var (X)
Name X= pdf f HxL params EHXL VarHXL

Normal ã
-

Hx-ΜL2

2 Σ2

2 Π Σ
Μ,Σ Μ Σ2

Exponential ã-x Λ Λ Λ
1

Λ

1

Λ2

Gamma
ã

-
x

Β xΑ-1 Β-Α

GHΑL Α,Β Α Β Α Β2

ChiSquare 2-n�2 ã-x�2 x
n

2
-1

GI n

2
M

n n 2 n

Chi 2
1-

n

2 ã
-

x2

2 xn-1

GI n

2
M

n
2 GJ n+1

2
N

GI n

2
M

2
GJ n+2

2
N

GI n

2
M

-
GJ n+1

2
N2

GI n

2
M2

Uniform ∂ 1

max-min
min £ x £ max min,max max+min

2
1
12

Hmax - minL2

Cauchy 1

b Π K Hx-aL2

b2
+1O

a,b Indeterminate Indeterminate

Beta H1-xLΒ-1 xΑ-1

BHΑ,ΒL Α,Β
Α

Α+Β

Α Β

HΑ+ΒL2 HΑ+Β+1L

ExtremeValue ã

Α-x

Β
-ã

Α-x

Β

Β
Α,Β Α + ý Β

Π2 Β2

6

Gumbel ã

x-Α

Β
-ã

x-Α

Β

Β
Α,Β Α - ý Β

Π2 Β2

6

Laplace ã
-

Hx-ΜL sgnHx-ΜL
Β

2 Β
Μ,Β Μ 2 Β2

HalfNormal 2 ã
-

x2 Θ2

Π Θ

Π
Θ

1

Θ

-2+Π

2 Θ2
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Table of expected value of  functions of random variable
Name Y, Function of

random variable X

EHYL E@Y2D Var@YD=EHY2L-@EHYLD2

X=Normal X Μ Μ2 + Σ2 Σ2

X=Normal 2 X 2 Μ 4 HΜ2 + Σ2L 4 HΜ2 + Σ2L - 4 Μ2

X=Normal X 2 Μ2 + Σ2 Μ4 + 6 Σ2 Μ2 + 3 Σ4 Μ4 + 6 Σ2 Μ2 +

3 Σ4 - HΜ2 + Σ2L2

X=Normal X 3 Μ3 + 3 Σ2 Μ Μ6 + 15 Σ2 Μ4 +

45 Σ4 Μ2 + 15 Σ6

Μ6 + 15 Σ2 Μ4 + 45 Σ4 Μ2 +

15 Σ6 - HΜ3 + 3 Σ2 ΜL2

X=Normal X 4 Μ4 + 6 Σ2 Μ2 + 3 Σ4 Μ8 + 28 Σ2 Μ6 + 210 Σ4 Μ4 +

420 Σ6 Μ2 + 105 Σ8

Μ8 + 28 Σ2 Μ6 + 210 Σ4 Μ4 +

420 Σ6 Μ2 + 105 Σ8 -

HΜ4 + 6 Σ2 Μ2 + 3 Σ4L2

X=Poisson 2 X 2 Λ 4 HΛ2 + ΛL 4 HΛ2 + ΛL - 4 Λ2

X=Poisson X 2 Λ2 + Λ Λ4 + 6 Λ3 + 7 Λ2 + Λ Λ4 + 6 Λ3 + 7 Λ2 + Λ - HΛ2 + ΛL2

X=Poisson X 3 Λ3 + 3 Λ2 + Λ Λ6 + 15 Λ5 + 65 Λ4 +

90 Λ3 + 31 Λ2 + Λ

Λ6 + 15 Λ5 + 65 Λ4 + 90 Λ3 +

31 Λ2 + Λ - HΛ2 + ΛL2

X=Poisson X 4 Λ4 + 6 Λ3 + 7 Λ2 + Λ Λ8 + 28 Λ7 + 266 Λ6 +

1050 Λ5 + 1701 Λ4 +

966 Λ3 + 127 Λ2 + Λ

Λ8 + 28 Λ7 + 266 Λ6 +

1050 Λ5 + 1701 Λ4 +

966 Λ3 + 127 Λ2 + Λ -

HΛ4 + 6 Λ3 + 7 Λ2 + ΛL2

X=Poisson 1

1+X

ã-Λ I-1+ãΛM
Λ

ã-Λ J -logH-ΛL-ý

Λ
-

GH0,-ΛL
Λ

N ã-Λ J -logH-ΛL-ý

Λ
-

GH0,-ΛL
Λ

N -

ã-2 Λ I-1+ãΛM2

Λ2

X=Poisson 1

1+2 X

ã-Λ Π erfi Λ

2 Λ

ã-Λ
2F2I 1

2
, 1

2
; 3

2
, 3

2
; ΛM ã-Λ

2F2I 1
2
, 1

2
; 3

2
, 3

2
; ΛM -

ã-2 Λ Π erfi Λ

2

4 Λ

X=Poisson X ExpectedValueB x ,

PoissonDistribution@ΛD, xF

Λ Λ - ExpectedValueB x ,

PoissonDistribution@ΛD,
xF

2

X=GammaHΑ,ΒL 2 X 2 Α Β 4 Α HΑ + 1L Β2 4 Α HΑ + 1L Β2 - 4 Α2 Β2

X=GammaHΑ,ΒL X 2 Α HΑ + 1L Β2 Β4 GHΑ+4L
GHΑL

Β4 GHΑ+4L
GHΑL - Α2 HΑ + 1L2

Β4

X=GammaHΑ,ΒL X 3 Β3 GHΑ+3L
GHΑL

Β6 GHΑ+6L
GHΑL

Β6 GHΑ+6L
GHΑL -

Β6 GHΑ+3L2

GHΑL2

X=GammaHΑ,ΒL X 4 Β4 GHΑ+4L
GHΑL

Β8 GHΑ+8L
GHΑL

Β8 GHΑ+8L
GHΑL -

Β8 GHΑ+4L2

GHΑL2

X=GammaHΑ,ΒL 1

1+X

ã

1

Β EΑJ 1

Β
N

Β

1

HX +1L2

1

HX +1L2
-

ã2� Β EΑJ 1

Β
N2

Β2

X=GammaHΑ,ΒL 1

1+2 X

ã

1

2 Β EΑJ 1

2 Β
N

2 Β

1

H2 X +1L2

1

H2 X +1L2
-

ã

1

Β EΑJ 1

2 Β
N2

4 Β2

X=GammaHΑ,ΒL X
Β GJΑ+

1

2
N

GHΑL Α Β Α Β -
Β GJΑ+

1

2
N2

GHΑL2

X=ChiSquareHnL X n n Hn + 2L n Hn + 2L - n2

X=ChiSquareH1L X 1 3 2

X=ChiSquareH1L 2 X 2 12 8

X=ChiSquareH2L X 2 8 4

X=ChiSquareH2L 2 X 4 32 16
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X=THnL X IfBn > 1, 0, ExpectedValueB
n x BI n

2
, 1

2
M,

StudentTDistribution@nD,
x,

Assumptions ® n £ 1FF �

J n BI n
2
, 1

2
MN

4 IfBn > 2,
n3�2 Π GI n

2
-1M

2 GJ n+1

2
N

,

ExpectedValueB
n x2 BI n

2
, 1

2
M,

StudentTDistribution

@nD,
x, Assumptions ®

n £ 2FF �

J n BI n
2
, 1

2
MN

4 IfBn > 2,
n3�2 Π GI n

2
-1M

2 GJ n+1

2
N

,

ExpectedValueB
n x2 BI n

2
, 1

2
M,

StudentTDistribut�

ion@nD,
x, Assumptions ®

n £ 2FF �

J n BI n
2
, 1

2
MN -

IfBn > 1, 0, ExpectedValueB
n x BI n

2
, 1

2
M,

StudentTDistribut�

ion@nD,
x, Assumptions ®

n £ 1FF
2

�

Jn BI n
2
, 1

2
M2N

X=StudentTDistributionH1L X ExpectedValue@x,

StudentTDistribution@1D, xD
ExpectedValue@x2,

StudentTDistribution@1D, xD
ExpectedValue@x2,

StudentTDistribution@1D,
xD - ExpectedValue@x,

StudentTDistribution@
1D, xD2

X=StudentTDistributionH1L 2 X ExpectedValue@2 x,

StudentTDistribution@1D, xD
ExpectedValue@4 x2,

StudentTDistribution@1D, xD
ExpectedValue@4 x2,

StudentTDistribution@1D,
xD - ExpectedValue@2 x,

StudentTDistribution@
1D, xD2

X=StudentTDistributionH2L X 0 ExpectedValue@x2,

StudentTDistribution@2D, xD
ExpectedValue@x2,

StudentTDistribution@2D, xD
X=StudentTDistributionH2L 2 X 0 ExpectedValue@4 x2,

StudentTDistribution@2D, xD
ExpectedValue@4 x2,

StudentTDistribution@2D, xD

Some formulas
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VarHXL = EAHX - ΜxL2E VarHXL = EIX2M - @EHXLD2 VarHbXL = b2VarHXL
VarHXL=CovHX,XL VarHX + YL =VarHXL+VarHYL+2CovHX,YL
CovHX,YL=E@HX-ΜxLHY-ΜyLD CovHX,YL=EHXYL-EHXLEHYL CovHa+X,YL=CovHX,YL
CovHaX,bYL=ab CovHX,YL CovHX,Y+ZL=CovHX,YL+CovHX,ZL ΡHX,YL=

Cov HX,YL
Var HXL Var HYL

EHXL=Ù x fHxLâx EHXL=Úallx
n x pHxL EHX+YL=EHXL+EHYL

moment generating:

MXHtL=EHãxtL=Ù
-¥

¥
ãxtfXHxLâx

M'Ht=0L=EHXL M''Ht=0L=EHX2L

Theorem A, page

137: EHYL = EHEHYÈXLL
Theorem B, page 138:

VarHYL=VarHEHYÈXLL+EHVarHYÈXLL
EHXÈYL=Ù x fXÈYHxÈyL âx

conditional Var:

VarHYÈXL = EHY2ÈXL-HEHYÈXLL2

Chebyshev

inequality: PHÈX-ΜÈ>tL£
Σ2

t2

ex=Ún=0
¥ xn

n!
=1+x+

x2

2!
+...

limn®¥H1+
x

n
Lnb=exb limn®¥H1+

x

n
Ln=ex lnHxL=Ù1x 1

u
âu

lnHeL=Ù1e 1

u
âu=1 Law of total expectation:

EHYL=Úi=1
n EHYÈX=xiLPHX=xiL

Random Sums, where

N is random: T=Úi=1
N Xi

EHTL=EHNLEHXL and

VarHTL=@EHXLD2VarHNL+EHNLVarHXL
N H0,1L

ChiSquare  HnL
n

~T distribution

with n degree of freedom

TH1L: PDF=
1

Π I1+x2M TH2L: PDF= I 1

2+x2
M3�2
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Table of moment generating functions
Distribution MXHtL. moment

generating function

M'Ht=0L=EHxL M''Ht=0L=EHx2L M'''Ht=0L=EHX3L
Binomial I1 - p + ãt pMn

n p n p - n p2 + n2 p2 n p - 3 n p2 + 3 n2 p2 +

2 n p3 - 3 n2 p3 + n3 p3

Geometric
p

1-ãt H1-pL -1 +
1

p
1 +

2

p2
-

3

p
-1 +

6

p3
-

12

p2
+

7

p

NegativeBinomial J p

1-ãt H1-pL Nr J-1 +
1

p
N r r

p2
-

r

p
+ r2 +

r2

p2
-

2 r2

p

2 r

p3
-

3 r

p2
+

r

p
+

3 r2

p3
-

6 r2

p2
+

3 r2

p
- r3 +

r3

p3
-

3 r3

p2
+

3

Hypergeometric

IHn - rL!

Hypergeo�

metric2�

F1Regul�

arizedA
-m, -r,

1 - m +

n - r,

ãtEM �
HBinomial@

n, mD m!L

m + r £ n

1

n!
 ãä Hm-n+rL t

m! r!

Hypergeome�

tric2F1Re�

gularizedA
m - n,

-n + r,

1 + m - n +

r, ãtE

True

Hm r Hn - rL!

Hypergeo�

metric2�

F1@
1 - m,

1 - r,

2 - m + n -

r, 1DL �
HBinomial@

n, mD
m! Gamma@
2 - m +

n - rDL

m + r £ n

Hm! r!

Hä Hm - n +

rL
Hyperg�

eometr�

ic2F1@
m - n,

-n + r,

1 + m -

n + r,

1D -

HHm - nL
Hn - rL
Hyperg�

eometr�

ic2F1@
1 + m -

n, 1 -

n + r,

2 + m -

n + r,

1DL �
H1 +

m - n +

rLLL �
Hn! Gamma@

1 +

m -

n +

rDL

True

Poisson ã
I-1+ãtM Λ

Λ Λ + Λ2 Λ + 3 Λ2 + Λ3

Normal ã
t Μ-

t2 Σ2

2 Μ Μ2 - Σ2 Μ3 - 3 Μ Σ2

Exponential Λ

-t+Λ

1

Λ

2

Λ2

6

Λ3

Gamma H1 - t ΒL-Α
Α Β Α Β2 + Α2 Β2 2 Α Β3 + 3 Α2 Β3 + Α3 Β3

ChiSquare H1 - 2 tL-n�2 n 2 n + n2 8 n + 6 n2 + n3
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Chi J 2 t GammaA 1

2
+

n

2
E

Hypergeometric1F1B
1

2
+

n

2
, 3

2
, -

t2

2
FN �

GammaA n

2
E +

Hypergeometric1F1B
n

2
, 1

2
, -

t2

2
F

2 GammaB 1+n

2
F

GammaA n

2
E -n -

2 2 GammaB 3+n

2
F

GammaA n

2
E

Uniform -
-ãa t+ãb t

H-a+bL t

1

2
H-a - bL -

a2

3
-

a b

3
-

b2

3
-
a3

4
-

a2 b

4
-

a b2

4
-

b3

4

Cauchy ãa t-b t Sign@tD a - b a2 - 2 a b + b2 a3 - 3 a2 b + 3 a b2 - b3

Beta Hypergeometric1F1@
Α, Α + Β, tD

Α

Α+Β

Α

HΑ+ΒL H1+Α+ΒL +
Α2

HΑ+ΒL H1+Α+ΒL
2 Α

HΑ+ΒL H1+Α+ΒL H2+Α+ΒL +

3 Α2

HΑ+ΒL H1+Α+ΒL H2+Α+ΒL +

Α3

HΑ+ΒL H1+Α+ΒL H2+Α+ΒL
ExtremeValue ãt Α Gamma@1 - t ΒD Α + EulerGamma Β Α2 + 2 EulerGamma Α Β +

EulerGamma2 Β2 +
Π2 Β2

6

Α3 + 3 EulerGamma Α2 Β +

3 EulerGamma2 Α Β2 +

1

2
Π2 Α Β2 +

EulerGamma3 Β3 +

1

2
EulerGamma Π2 Β3 -

Β3 PolyGamma@2, 1D
Gumbel ãt Α Gamma@1 + t ΒD Α - EulerGamma Β Α2 - 2 EulerGamma Α Β +

EulerGamma2 Β2 +
Π2 Β2

6

Α3 - 3 EulerGamma Α2 Β +

3 EulerGamma2 Α Β2 +

1

2
Π2 Α Β2 -

EulerGamma3 Β3 -

1

2
EulerGamma Π2 Β3 +

Β3 PolyGamma@2, 1D
Laplace ãt Μ

1+t2 Β2
Μ -2 Β2 + Μ2 -6 Β2 Μ + Μ3

HalfNormal ã
-

Π t2

4 Θ2 K1 + ErfiB Π t

2 Θ
FO 1

Θ
-

Π

2 Θ2
-

Π

Θ3
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