
 

TABLETOMVARIRANDSF
A random variable is a numeric encoding of the outcome
of a statistical experiment Precisely

Det A raiariable is a function from a sample
space 5 to the real numbers

random variable Rtl 8
L

I e a Fr X is a function X S R

script X X takes outcomes in S
and returns real numbers

6
Denote by X the range of X the specitz setof values
that X may take

EI Flip a coin S H T

Let X be 2 if It and 0 if T

Xls
2 it s H

0 if s T

Range of X is X 0,2

Ey 3 coin flips

S AHH If TTT

Let X be of heads

S TTT
X s s c TTH THT HTT

2 if s EfHAT HTH THH
3 if s HHH

Range of X is 1 0 42,3



Ey chip animal record dist travelled

S 0,0

ht X be dist travelled

Xls s

Range of X is 25 6,0

We most of the time write X instead of Xls

Range X also called the support of X

Expressing probabilities about a v.v X

Infinite eg D 0,1 D z n

ht be a v.v on the sample space S si sn which
takes values in D Am Then for any XEX we write

P X a PLESES xD
Eventon which X
ie set of outcomes s

little represents any specificvalue for which Xl
bigX is the symbol for our r.ir

So PXLX x is the probability that X takes the value x

EH 3 win flips X heads So X 0,1 2,3

Then P X a P TT

X D P TTH THT HTT
3
8

X 2 P HAT HTH THH 3 8

Pxlx 3 P AHH

We often tabulate PKK like this
e

KH 48



X P e g D 7EUR
The same is done for S Es Sz 25 14,4 i e
when S and I are countable as in the X finite case

Xfinitten eg 25 0 1 D Rt X L
ht be a r.ir on any sample space 5 which
takes values in X Then for any set Ae Eeg we write

ICH A PGses x A TYY.ua

YiIoIsetsTsetofvalucsXmaytake8oPxLXEA
is the probability that X takes a value in A

E.gg chip animal record dist travelled

5 6,8 D 0,0

P c 1,2 P solo Xessell P

iHow might we assign probabilities to intervals
More on this soon

For a v.v X we call Px the probability of X

tECUMVLATIVEDISTRIBUTIONFUNCTIODet
Thec tdirib.tk cdf

Fxotar.v.XisFxLxPx XEx for all ER
Toddwrite PXLXEL 8DE3 coin flips X heads

o D o
o E 1

pj.gg Ek 44g lexa
2 E 3
3 E



EIN a

5
Note

Fyl defined for all ER not just

xEXe.g.FxlYzJ

PxLXEYD_PffseSiXcDEYzD PGTTTD
_YgXFxLxIhasjumpsatxeXwithjumpsizesPyLX

xJ.xeXX

FxCxJzoVxLo.FxCxIzlVxz3TheoreI_ThefunctionFxqisacggfj_ifandonlyif4CiIljzgFxCxI

oandYy_Fxlx
lCiiJFxCxisnondecreasinginxLiiiJFxCxisright

continuousji.e.toreveryxo.ximgxoFCH_FCxD
nfRight

wntinuitymeansjumpsareliketh.s

a

Ey X win flips to get a head where on each ftp.P Hecd f

D Ihn and
px yftpfpy.lip5pzIIIhe.dzFailsw2hecd



1
So we get P X CD t for x 1,2

called the geometric probability distribution
So for X 1,2

Pxlx P Dt tl lx x

ÄhPX X partial geometric series
Result

i I
f p p

For ttl
1

Ö In for ni
1 t

i I
p f f Proof
E n

4 pjtli pjt.a.tk Ä Let Sn I Ittt tt

p It p Then
in

sn tsn tff.IELIEF
ntl

1 t p h S

So for ER
i

F a
Cl P for c i.it i o i z

o for o

Or we may equivalently write

floorfunction FX
C lt 1 A

t
where Las is the greatest integernot exceeding eg Lois 0 4871 2

and IKEA III is called the indicator function
Indicates whetherXEA byreferring 2 or 0



For f Ek looks like

rightcontinuous

t.ltaFxlxdecreasinot Im FN l
x

4 a
ttf

E Chip animal X dist travelled

We might suppose that
This is the
calf of a

probability distribution a
for 770

called theexponential for x
distribution

for some 720

For 7 1 Fyl looks like
continuous

rightcontinuousFf t.IT
i I.IEslimFxlxox

xI 2

F is continuous has no jumps thus it is rightcontinuous

Dj A r.ir X with edf FxC is called a continuous
if Fyk is a continuous function of X and a

discrete if FxC is a step function of



No point probabilities for continuous r.us

Let X be a continuous r.vn consider event X

X X X Ex for every E o

gives

ER X x a P x c Xex a Flex c
for every Er 0 and

continuityof canpass limitinside
L

II EG Ela c FXGD Fxllijox D.EC Ek o

This gives X x o

Illustration

Fycontinvous
e.FM

EEJV.iq
ExD soascro

E

Fxastepfunctiono.com

is x Ho

Xo
Xo E

Thus for a continuous r.ir X for any a BER

PlacXcb Plaexab Plankeb ePLAEXEb Elb Ela



We are very often interested in more than one r.v.at a time

BEI Two r.us X and Y on the same sample space S withthe same range X are identically it for every A c G
A Py YEA All events of interest

in the range X
Theorem The following two statements are equivalent

The r.us X and Y are identically distributed

b Ext Fylx for every

Equivalence means each statement implies the other

From now on say that two raus are identically distributed
if they have the same

adf.E.ggX coin flips to get a head on Monday

Y wir flips to get a head on Tuesday

Then F Eil for every

Because the Universe is like that


