MATH 180A (Lecture AQQ)

Today: Gaussian distribution

Next: ASV 4.1

Week 6:

» Homework 4 due Friday, February |3



\la,r foJ\Ce.

Definition The varionce of a random variable X s

Var (X) = b ( (X*E(X))L >

Proposition. Let X be o candom variable. Then

Nar (X)= E(X*)- (\f_(x)S"

The squace roof  of the variance iv called

stondacd  deyiwtion  €(x) =\ Vax (X\



\Ja_cia.nce

\Jortante is o messwre of how “s?reaé out from the mean'
the distribation is.
Propos}*\'on Let X be g rondom variable with finte
e%‘?edofﬂ'on E()Q:/u_ Then

Vac (x)=0 #F P (X=p)=

—P(‘oo'k (<=) L xercise
(3) (Asume X is discreke)
0= Vac (X) = Z H’(x £€) 2 For all t, @M P(X=4) =0

V/
0 Q

Yor all Jt\ either (‘t‘/-x\1=09r \7()(={)=Q so if -\-_#/.,\ I’H\Qy\ P(X=-Ej:0
thecefore | P(X>).\)> \




Exped'a‘hbh and variance of aX+b

et X % o rohdom variable ‘omcl led &, be R. Then
Q) E(OJUB\)t QE(X\*‘\D

(1) Nar (a%X+b) = o* Var (X)) f E®) and Var (1) exish

ono& (\\ &= homgm‘ark

() Var (aX<b) = E((aXrb - E(axsb))
D E( (aXef - «E0)£Y)
- E( o (x-EMX) \>
Y E((E))
= @ Var (X)
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Let X~6eom(p) . We know that E(X)= 3

E00) - £ 0P = 0 p0ps = 3 (@] ey
K=\ K=1 ey

= Z GL-\) P(\—‘)) + 2 u%‘ <IL \3 F(l—f) + KE‘_ F(‘ \,)K-\
ke S

(=w-1 = i QL P(l-‘a)z-i' 2 E L P(l’f)e
L= 2=
= (1- 2 0 (ep)! (- 2 of-p)""
(-p) 2 eplepy™ + 2:(rp) 2 2plp)

= (-p) E(Xj + 2-(-p)- E(X) + |

(P EC) e 2 () 4 1 E(K)= (B0 )¢ 21

PE(C) BT E(N): 2_@ 3 Nar(x)- 2F - - SE



Random vacwables

. Swmmary

Discrefe

Continuous

Finke /countable set of Possib\e
volues %: P(X=t)=1|

Wncouniuble set of Foss(b(e
volues, Y telR P(X=1)=0

PMF: p (t)= P(X=1)
P(Xe B3=UZB Py (t)

PDE: —fx: R-oR

P(xeB)= § fi () dt
B

CDF  Fx s a step funchion

COF T s o continuous Function

Ex?ed'ofv(on B OQ = tZ t P(X=t)

Eﬁ?ec'\'c.\ﬂov\ tE(OO)= (¢t Lk )4t
R

E(300) = ;amP(xac)

E(q (x)) = éﬁm £ (1) d4

Relation between CPF and PMF :

man{'}uée of \‘ju.m? of oot b ois
P(X=%)

Relotion between CDF and PDF

fx ) = F,gl(‘C) on the Intervals whece
T s differentioble



Random vocwables. Summary

Fx s () nondecreusinj \(m r(j\'\*— continuous

W) lim =0 | lim F®) =\

\
b 1o

Nociance :  Var (X)= E ( (X-EX)Y 5 - E(Q)- (€ Oq)z

E(Q)(«—\D): a BN\t b | Voar (aX¢b) = o Var O()
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Gaussian (normal) disteibation
ij Rondom vaciable Z hos dhe standard normal (@wssiom}
distcibution i dhe POF of Z s gen bj

. %,
@)= = e =

No‘\'u'\‘(OY\: Z~ N(Od)

ls W) indeed a PDF !
« 9(t)20 Y

$oo f q
g\e&)cl{-gr,e =1

oo \e£
iy t {'7. Sz _l,"l.(s goc'ooqA tor 300 2

T=ferafeids - fe™ sl = N%r«iAS-zwf‘ezJ(f‘)s

2
- o ~o° R °© 0



CDF O'F N(Ol\)

Su\)\)ose X~ N(O(\> o What s P/IX\é\\)qf

P(-MXIH) ‘
'z A 7
f 4’(=Gr fe dk

l -_—t

ConnoT use "“\o ?ohr cootdinae Hrick.

L g 7
@(13:@:;- (e *df - CDF of X~ N(on)
7 P(1)-PL1)

e no s‘\mP\z exP\ic{Jr Lformula

o Foble of values of PE) (Hor xz0)



Normal fable of values (Appendix E 1in textbook )

4 0.03 0.04 0.05 0.06 0.07 0.08 0.09
0.0 0.5120 0.5160 0.5199 0.5239 0.5279 0.5319 0.5359
0.1 0.5517 0.5557 0.5596 0.5636 0.5675 0.5714 0.5753
0.2 0.5910 0.5948 0.5987 0.6026 0.6064 0.6103 0.6141
0.3 0.6293 0.6331 0.6368 0.6406 0.6443 0.6430 0.6517
0.4 0.6664 0.6700 0.6736 0.6772 0.6808 0.6844 0.6879
0.5 0.7019 0.7054 0.7088 0.7123 0.7157 0.7190 0.7224
0.6 0.7357 0.7389 0.7422 0.7454 0.7486 0.7517 0.7549
0.7 0.7673 0.7704 0.7734 0.7764 0.7794 0.7823 0.7852

L 0.7967 0.7995 0.8023 0.8051 0.8078 0.8106 0.8133
0.9 0.8238 0.8264 0.8289 0.8315 0.8340 0.8365 0.8389

This table Si\lzs P(Zéz) w here Z~N(0l\)' 2 = X+
Example P(0.91)=P( 2 ¢ 0.91) = P(% ¢ 0.9 +o.0\\>¢. 0.8186¢

Fact :
P(Zv02u) =
P (-o.zg L2 Cos§9 )=



