
Gaussian/normal distribution

f(x)= crase exp cM

nf(x)

·



Normal random variable (4)

Figure: Densities for (a) N (0, 1) (b) N (µ, ‡2)
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Cdf for a normal r.v
Function �: For X ≥ N (0, 1) and x Ø 0, set

�(x) = P(X Æ x) = 1Ô
2fi

⁄ x

≠Œ
e

≠ y2
2 dy

Problem with �:
No algebraic expression
Numerical approximation needed
Use of tables

Property of �: For x Ø 0,

�(≠x) = 1 ≠ �(x)
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If xv N10,1 ,f

Colfof X

-> In any decent software



Justification of P(-x)= 1- p()
M

P(x)

!
~
$()

d(-x) 1 - q(-x)
-um
u >

~same area

Thus Plas = 1-q(-x)

=> d( -x)= 1 - g(x)



Table for �
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(x) for 0(2. 49 $11.24) -
· 8925



Simple normal computation (1)

Definition of a random variable: We let

X ≥ N
1
µ = 3, ‡2 = 9

2

Questions: Compute
1 P(2 < X < 5)
2 P(X > 0)
3 P(|X ≠ 3| > 6)
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P2 < x (5) for X-W(m= 3
,
52=9)

From Prop9 :

z = X3 = X3 N,

Thus
= Z

P(2(X(5) = 1(43453453
= P)- <z < 5)



computation of No, 11 - probability
P) -51z(z)
Mu-

- ↳
s

-
-

-

= P(z) -

1 -
= d(z) + q(5) - 1 =7454 +6293 -1

=-3779



computation of

P(Xx0) = P(X-3 < 3)

= P(z) - 1)

= 1 - P(z()(( -x)= 1 - q(x)

=
1 - (1 - &(1)

= d()

= - 8413



Simple normal computation (2)

Change of variable: We define Z ≥ N (0, 1) by

Z = X ≠ µ

‡
= X ≠ 3

3

First question: We have

P(2 < X < 5) = P
3

≠1
3 < Z <

2
3

4

= �
32

3

4
≠

3
1 ≠ �

31
3

44

ƒ .3779
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Simple normal computation (2)
Second question: We have

P(X > 0) = P (Z > ≠1)
= 1 ≠ � (≠1)
= �(1)
ƒ .8413

Third question: We have

P(|X ≠ 3| > 6) = P (|Z | > 2)
= 1 ≠ � (2) + � (≠2)
= 2 [1 ≠ �(2)]
ƒ .0456
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[
- PEG(X -3(6)



Abraham de Moivre

Some facts about de Moivre:
Lifespan: 1667-1754, in ƒ Paris, London
Ousted from France as a protestant
Òæ in ƒ 1687
In London lived from

I Private lessons
I Assisting gamblers in a co�ee house

Contributions in math
I Stirling’s formula
I First central limit theorem
I First results on Poisson distribution
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Denoire



DeMoivre-Laplace theorem

Let
n Ø 1, p œ (0, 1)
Xn ≥ Bin(n, p)
a < b

Then

limnæŒ
P

A

a <
Xn ≠ np

(np(1 ≠ p))1/2 < b

B

= �(b) ≠ �(a)

Theorem 10.

Empirical rule:
Accept approximation as long as np(1 ≠ p) Ø 10
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Xn-np ~ N(0,)
Crep(1-pS(z

a) n >

E[Xn]
-

> Txn


