MATH 180A (Lecture AQQ)

Today: Gaussian (Normal) distribution
Normal approximation
Next: ASV 4.1

Week 6:

» Homework 4 due Friday, February |3



CDF O'G N(Ol\)

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

P(-1¢X ¢1)

ConnoT use "H\o ?ohr cootdinae Hrick.

Plxy:= T Tk - CDF of X~ N(on)

e no s‘\mP\e exP\ic{Jr {formula

o Foble of values of PE) (Hor xz0)



Normal fable of values (Appendix E 1in textbook )

4 0.00 0.01 0.02 0.03 0.04 0.05 0.06 0.07 0.08 0.09
0.0 | 0.5000 0.5040 0.5080 0.5120 0.5160 0.5199 0.5239 0.5279 0.5319 0.5359
0.1 | 0.5398 0.5438 0.5478 0.5517 0.5557 0.5596 0.5636 0.5675 0.5714 0.5753
0.2 | 0.5793 0.5832 0.5871 0.5910 0.5948 0.5987 0.6026 0.6064 0.6103 0.6141
03 | 0.6179 0.6217 0.6255 0.6293 0.6331 0.6368 0.6406 0.6443 0.6430 0.6517
0.4 | 0.6554 0.6591 0.6628 0.6664 0.6700 0.6736 0.6772 0.6808 0.6844 0.6879
0.5 | 0.6915 0.6950 0.6985 0.7019 0.7054 0.7088 0.7123 0.7157 0.7190 0.7224
0.6 | 0.7257 0.7291 0.7324 0.7357 0.7389 0.7422 0.7454 0.7486 0.7517 0.7549
0.7 | 0.7580 0.7611 0.7642 0.7673 0.7704 0.7734 0.7764 0.7794 0.7823 0.7852
0.8 | 0.7831 0.7910 0.7939 0.7967 0.7995 0.8023 0.8051 0.8078 0.8106 0.8133
0.9 | 0.8159 0.8186 0.8212 0.8238 0.8264 0.8289 0.8315 0.8340 0.8365 0.8389

This 4able gives P(Z<¢2) where Z~N(on), 2= Xy

Example @(0.91)=P(2¢0.91) =P(2 ¢034+001 )= 0.8186

Fact
P(Zv02u) =
P (-0.1&2 ¢ 7 €059 )=



Nocmal tfable of values

z 0.00 0.01 0.02 0.03 0.04 0.05 0.06 0.07 0.08 0.09

0.0 | 0.5000 0.5040 0.5080 0.5120 0.5160 0.5199 0.5239 0.5279 0.5319 0.5359
0.1 | 0.5398 0.5438 0.5478 0.5517 0.5557 0.5596 0.5636 0.5675 0.5714 0.5753
0.2 | 0.5793 0.5832 0.5871 0.5910 0.5948 0.5987 0.6026 0.6064 0.6103 0.6141
03 | 0.6179 0.6217 0.6255 0.6293 0.6331 0.6368 0.6406 0.6443 0.6430 0.6517
0.4 | 0.6554 0.6591 0.6628 0.6664 0.6700 0.6736 0.6772 0.6808 0.6844 0.6879
0.5 | 0.6915 0.6950 0.6985 0.7019 0.7054 0.7088 0.7123 0.7157 0.7190 0.7224
0.6 | 0.7257 0.7291 0.7324 0.7357 0.7389 0.7422 0.7454 0.7486 0.7517 0.7549
0.7 | 0.7580 0.7611 0.7642 0.7673 0.7704 0.7734 0.7764 0.7794 0.7823 0.7852
0.8 | 0.7881 0.7910 0.7939 0.7967 0.7995 0.8023 0.8051 0.8078 0.8106 0.8133
0.9 | 0.8159 0.8186 0.8212 0.8238 0.8264 0.8289 0.8315 0.8340 0.8365 0.8389

Exercise et Z~ N(Gl W

Find e R sudh thal P IZ|>%) =~ 0.30y
P(\z‘7103=




Mean and variance of X~ N(o1)

E(x) = [ tf(e)dt =

+00 &
\/mr(X) = E(XI)= E-LWS{LQZQUC

-0



6?.(\@.(‘&\ normal  disfei bution N(/J‘GL )

Def Let /ueﬂl and 650 . Random variable X has
horma | (GQussiah\) disteibudion with mean M and
variahce &% F  dhe PDF of X s given by

{X (XBZ
NQ wc‘iJrQ

Usi\r\3 +he &eth-J We Can comx:ujre
ECO) = Nae ()=

“%&u\ss‘\cm QLZSJVC‘\&N‘\'QQY\“ = —(o.mi\j o{' A(S&Cibu‘\'iohs



Relodion between X~N(/«63 and 2~N(o,|)

ProPosi—\\‘oh Let X~ N(/«ﬁl) ~ ato, beR.

Then

Us(n3 his \Dro?os\"\'\‘m\ ony Gauwssian  random variable
con be weitten as o shiffed and rescaled stendact oormal.

E.3., of GBO.FGR and Z~N(0.\3. fhan

£ X N(us') | dhen B ()= Vo (X)=
| X"’N(/‘uglj \ then



Exomple

Let X’“N(‘B,QB
Fin P(X<40.91) ; P(X»o0.82); P(-0.24 ¢ X <038

£ K~ N(-5w), fhen

P()(( 0.9(\ =

Plo2u ¢ X £0.8%) =



_]-hﬁ Messoqe :

I we howe '\nc\e?enc\en\' ond '\den‘\(cq\\d disteibuted
random variobles Ko, Xz, Ka with

E(ﬂ\\)vu‘ Var (X )=67, then Hor a.ny a<b

Today: X, ~Ber (p) y Last lecfure Semrcd case



CLT -por Be_tnoul\( diﬁ(‘\'bu“'(oh (&\)\DVOX'er\oJVioh o‘\£ E'm)
“( X(“’ BQ(‘(?) ofe 'mde&)enclen‘f( '\'\Wen X\+ ot X~ Bia (n@)
E(M) = Voo (X1) =

CLT Hor Bernoulli disteibution:
Let Sh’\’B‘\ﬁ(h(P)l let @¢b. ‘\X\m

WNe con rewrife () U~51hj St = ‘SF\Yl



cLv QPProx(mq+ion of Binomial disterbution

Some hume(‘lcs

| P(Sn=k)
N (epimpe)




Nocmal approximation . 3-sigmo cule

e use the QPF\“OX\W\QJHN\ st Bin (np) bj the horma
sheitbution
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© P(1Sn-rp ¢ V= P @)-P(2)= 29)- 1= 0.95
o P(\Sh-h? 4 \z(‘\)('ss)-(\P(—‘bB: 2PGE)-1=0.99



CLT. Exom P\es

F“P\"“ﬁ o fair coin 10000 Fimes

X = numbec of Hauls
Find (&??fmimuﬁ‘\jj P(HSSO éXégDSOB
K~ Bin (10000, 37

&)=
S(X) =

P(L,ggoeXéSo§0)=

4 0.00 0.01 0.02
0.0 | 0.5000 0.5040 0.5080
0.1 | 0.5398 0.5438 0.5478
0.2 | 0.5793 0.5832 0.5871
03 | 0.6179 0.6217 0.6255
0.4 | 0.6554 0.6591 0.6628
0.5 | 0.6915 0.6950 0.6985
0.6 | 0.7257 0.7291 0.7324
0.7 | 0.7580 0.7611 0.7642
0.8 | 0.7881 0.7910 0.7939
0.9 | 0.8159 0.8186 0.8212
1.0 | 08413 0.8438 0.8461
1.1 | 0.8643 0.8665 0.8686



CLT. E)ﬁ&mP\es
Yow win $3 with probabilify g5, lose $\ with prob. ;2
A\DPTOXEW\OC\'Q —ﬂ'\c P(‘OBQ[D”\.“'J /\'\'\o\'} S’QL& \05-\- L\Oo$

aftec koo 3& mnes.

Dencte bj X e pumbec of wing oftec yoo Somes
K~ Bin (4oo, 7= Y n-p-(-p)=

Total wlhh(V\jS ofter Loo jumes:
We hove o ComPu&e

P( g X- (qoo—X)v—\oo):



Low of \__O\,(“C"Q Nuwm bers

Let X, Xz,iy Xn be '\ndePeneien‘( and i&enJ\fcoJ\J
dictebated ,cmcl let E(X\)=/¢e R . Then

-?0( M\j ES>O

In P&Hicu\ar( for Ko~ Bec ()



