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Week 6:

Homework 4 due Friday, February

Today: Gaussian distribution 

Next: ASV 4.1
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variance

Jefinition The variance of a random variable X is

Yar (
X)=EC

X
-ECXD

5)

proposition . Let X be a random variable
.

Then

Yar(
X)=ECX)-EC)

The square root of the
variance is called

standard deviation OCx
)=WVarT



variance

Variance is a measure of how " spread out from the mean
"

the distribution is.

proposition Let X be a random variable with finite

expectation ECX )M. Then

() Exercise

$4
l

Assume X is discrete
).

Yar(X): For allt
,

For all t either or soif

therefore
,



Expectation and variance of aX
+b

Let X be a random variable
,

and let a
,

be IR
.

Then

i() ElaX
+b)

=

ii
)

Var
(aX+b)

= if ECX
)

and Var
(X)

exist

proof (i) homework

ii
)

Var(aX+
b)

=

=

=

=

z



variance of geometric distribution

et X. Geom (p). We know that ECX)=

ECX
')

=
EKPCX=K) = EK- PCrPJK " =

=

( = R2 1 =

=

z



Random variables. Summary
Discrete continuous

Finite I countable set of possible uncountable set of possible
values

.E PCX
=t)

=
I

values
,

HtEIR PCX
=t)

=0

PMF: PXCJ=PCX=t PDF: Fx : IRTIR

PLXEB
)=EB

PxC
)t PCXfB

)=BfxCtJdt

CDF Fx is a step function CDF Fx is a continuous function

Expectation: ECX)=ETPLX=t) Expectætion
:ECXJ=ŞptFxCtJdt

ELg (X)) =2
gIt)

PCX
=t) E( g(X)) ={

pgCHfx(t)dt

Relation between CDF and PMF: Relation between CDF and PDF:

magnitude of jump of Fx att is fx lt)=
Fxlt)

on the intervals where

PCX
=t)

Fx is differentiable



Random variables. Summary

Fx is li
) nondecreasing

,

ii right-continuous

ii
)

lim
ting

Fx
():0,

Iimite
Fx

(t) =1

2

ariance
:

Yar(
X)=ELCX-ECXIP)=ECX)-ECX)

=(
aX+b)

= aECX
1+b.Var (aX+b)= a Var(

X)



Gaussian Cnormal
)

distribution

Random variable Z has the standard normal(
Gaussian)

distribution if the PPF of Z is given by

Notation
:Z

-N1a.1)

is 41
t)

indeed a PDF
?

41t)?0

jeltidt!éEat =
i



CDF of NVCO
.)

suppose X -NCo.). What is PLIXII )?

P ( *<x = )

Cannot use the polar coordinate trick. :"":
Q (x):= CP ofX~N10.1)

no simple explicit formula

table of values of 91)( for x
20)



Normal table of values (Appendix E in textbook
)

This table gives PlZE ) where znNGou
)

-xity, t

Example PCZ:091):o.91)=

Fact

PCZ 024)-

PI-028 LZ c
0.59)=



Normal table of values

Exercise Let ZvN
10.1)

Find xoEIR such that PLIZ
13xo)

=0.704

P ( 1Z
|

> xo ) =



Mean and variance ofX
-NCO.1)

flxJ=fåtfxltJdt=

Var( XI=ECX' )=FuläféEdt



General normal distribution NM.0)

Let MEIR and oso
.

Random variable X has

normal(
Gaussian)

distribution with mean

M
and

variance o if the PDF of X is given by

fx ( x ) =

We write

Using the density we can compute

ECX
)-.

Yar (
X)

=

"'
Gaussian distribution" = family of distributions



Xymo
)

z-Ncou. Relationbetweenand

proposition LetX ~NCM,O), ato, beIR.

Then

Using this proposition any Gaussian random variable

can written as a shifted and rescaled standart normaybe

E
.g,

if Oso
, MEIR andZ

-N(o.i),

then

IfX ~NCM,03), then E(X) = i Var (
X)

=

IfX
~NIM.5Y),

then



Example

etX
~NC-3,4)

Find PIXC
0.91);

PCX
30,82);

PC
-0.24

aXc
0.88)

If X
~

NC
-3,4),

then sco
l

PLXco.91)=

PLX0.24 20.88) =

=


