
If xi, i = 1 . . .N , are data from a sample then:

x̄ =
1

N

N
∑

i=1

xi

σ2
x =

1

N − 1

(

N
∑

i=1

x2
i − Nx̄2

)

x̃ =

{

xN+1

2

N odd
x N

2

+x N

2
+1

2
N even

Probabilities:

P (S) = 1 0 ≤ P (A) ≤ 1 A ∩ B = ∅ ⇒ P (A ∪ B) = P (A) + P (B)

P (A ∪ B) = P (A) + P (B) − P (A ∩ B)

P (A|B) =
P (A ∩ B)

P (B)

A and B are independent ⇔ P (A ∩ B) = P (A)P (B)

P (B) = P (B|A)P (A) + P (B|Ac)P (Ac)

P (A|B) =
P (B|A)P (A)

P (B|A)P (A) + P (B|Ac)P (Ac)

Random Variable: discrete

p(x) = P (X = x) F (x) = P (X ≤ x) =
∑

y≤x

p(y)

E(X) = µX =
∑

x

xp(x) E(h(x)) =
∑

x

h(x)p(x)

p(x, y) = P (X = x & Y = y) pX(x) =
∑

y

p(x, y)

pX|Y (x|y) =
p(x, y)

pY (y)
E(h(X, Y )) =

∑

x

h(x, y)p(x, y)

Random Variable: continuous

P (a ≤ X ≤ b) =

∫ b

a

f(x)dx F (x) = P (X ≤ x) =

∫

y≤x

f(y)dy

E(X) = µX =

∫ ∞

−∞

xf(x)dx

The 100p percentile xp is given byF (xp) = p



P ((X, Y ) ∈ A) =
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f(x, y)dxdy fX(x) =
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f(x, y)dy fX|Y (x|y) =
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h(x)f(x)dx E(h(X, Y )) =
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h(x, y)f(x, y)dxdy

Variances

V (X) = σ2
X = E(X2) − E(X)2 Cov(X, Y ) = E(XY ) − E(X)E(Y )

Corr(X, Y ) = ρX,Y =
Cov(X, Y )

σXσY

Independence: X, Y are independent if and only if p(x, y) = pX(x)pY (y) (f(x, y) =
fX(x)fY (y)). If X, Y are independent Cov(X, Y ) = 0.

Linear combination

E(aX + b) = aE(X) + b V (aX + b) = a2V (X)

E(aX + bY ) = aE(X) + bE(Y ) V (aX + bY ) = a2V (X) + b2V (Y ) + 2Cov(X, Y )

If Xi, i = 1 . . .N , are independent and identically distributed and X̄ = 1/N
∑N

i=1
Xi then

µX̄ = µX and V (X̄) = V (X)/N .

Propagation of error: if U is a function of X and σX is small
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