Derivacthion o{’\ var (T)) where T~ tv
Var(T) =

73 The Central Limt Theorem (cCLT)

- We. know ‘qu_',' w‘aen YI,...) yn are S&MP,P_A
«From o N(M)G"‘) roru,lad‘l'Or\) ‘H\e.n T/- IM{S a
nor mal Sa.w\Pl{nS diS'}'r;Lu:Hon) '.-e')

— What rp owr ?Oru.'d'fo“ distribuhon 15 _l:l_g_":

norma\?

- The CLT 4ells us He cam

N rlt'n distribuhon
of Y will !

ke &!Dp r‘ox}md‘&\y Nnor M‘J as
! —1

\°V\3 as ‘H«e Suw\rle size s large.

— See gimulathion P_xamrle.s.

Central Limit Theorem: Let Y\ . Yo be iid

rv's with E(V) =m0 and vqr(‘f,;):-_ g < oo,
t=),.yn. Thea e df of - p

- (Co nverje_s

la
fo a NR




Imp\ica‘i‘ions .

-The PFW'F of He CLT uces ‘H\e ‘po”owfnj

results:

@ ConVU‘jence o[ mﬁ‘ps imPll'es C-onve.rje_nce
of cdf's. That IS, Wf ?‘/,\E 1S a Sequence
of rv.'s  f myn(t) —> my (£) peintwise
In a nen'SLLorl\o,,l ot O as n—=>e, Hen
E,“(\a) — F:,(.@ pomtwise as n—s . In

His case, we say \/h

)
+v \7 and we write \f“ _"l_) Y

@ I‘f & Se{ue.nce of nu.m\ne.rs {C\n‘é—% o

as n—=> 0o, "Hne-l'\




Fr"oo‘p O'C L] LQ_'\" un":\rv—\_<q—#>_
S
We will show Un r._r N(D ). New \f 5 Y

eacL\ \\we W\j'r m\, (t) De_-fme IAJ = YL
ar\dl le-+ m (t) deno“'& +L€ mj‘(’

G_
O'C wj)...) wn.



B\/ Ta.\,‘or‘s -Formu-ldl) Here exicts 't*)
DL L t) sueh Hiat:



-In Pra.c.'\'fCQ, owr So\w\?\e S\ n 1S o._lwou]/s -cim‘-ka_,
How lmfge should n be for the opproximation
+ be “300(.\" [

@ Tlae_ l&"jﬁr n iS) ‘H'\?- Le.‘H‘e,r -\—Le normq.‘

QFProx-\ mad‘ion R
@ The wore SYmme.‘l'Tic He data's Je.nsi+y
‘C\’ (‘3) is, He \belter Hee ‘erroximm‘f‘ion 1S.

“I—‘c Hae FDPu..la.‘Hon distribuhon 1s Sym»\e_'i'rfc,

.{7 Mﬁ.\’ kae ONn Q_rrroxlw\a,+e_‘7 V\OT’Ml SQ-MPlI'“J
distribution " w is around

"I the distribubion is highly skewed, n may
need v he a..rou..r\A —For He

e

disyribuwhon of ¥ 4o be a.ﬂ:roxlmad'e.ly normal.

ExaM?\e: The service tHimes for customers ot
o cashier are Lid rv.'s with mean

s m'mu.‘\'es ouruL shuln.ro\ J&Viﬁ.'h'on 2 Wll.t\tl.+€5 ‘
A?vroﬁmd‘d\{ whet 1e +he FroLa,L{\H'\, Ht the

caskier will dake mere 'Hr\&h = hours o
serve |00 Fepr\e.?




75 The Normal AP?"‘DX‘“‘“‘CHO“ 4+ H.e Binomia |

-A Cowmmon example of using Hhe CLT s in
'H\e_ COLlC.\L.\.‘CHOV\ o‘c L‘momia_\ ProLA.L{|;+':e-S.
—S\krfose Y s a binomial ruv. (i.e., Y= #% of
“successes' in e hipomial exPerimerd‘) with

# O'C ‘h‘\“k\s = n amol Common succéss
Fro\oa.\n{l;'}'\( 3 F
-TLen l‘r le...)xn are LLJ B?J'nou.“;' (P>

r.v.'s, we seeL:

- Ar\& the SQ.MP\Q. Proror‘Hon

_ qui.n s lar«se) Hen He CLT a.ﬂ:.lies



E)(ong\e__L'- A machine will be shut down ‘G"’
reFai‘rs o a Aai,y random Sa.mr:'e of 100 items
reveals at least 5% of +he sampled (tems
are de fecthve . Su-PPose. He wachine ie
actually P'“Wl‘“i"s 10 % defective jtems +hat
dm[' What is Hee Prolon-loi,l'+7 He machine
w'\l\ \oe SL\u.‘\' Jowv\?

No"’(’_f S{nte weé are mrrroximd'inj a. c:ll'SCre:l‘_e___
distribuhon (Lfnomia.l) with a. conhnuous
distribution (“°m0) o Cor\'l‘inut"i'y correction
will 'H[:ic«.lly 'lm?rove Hie "-f’]’"‘:’lim%ﬁ"“:

Picture :

SO:



-—How lod‘ﬁe, S)r\ou.lol n Le_ -ppr- 'H\i Vl.ormq_j
a.“ro‘a'tmoj'l'ov\ + work well?

-I__'F -\—\\Q \o;nomf&l al\'s"l'ril:u'l'l‘c:-n 1S r\__g_": i?_o-
sk&wetl, +hen n 0n|7 needs + be
mo&er-ad'dj \awxe (a.rowucl \S eor ?_o),

-Tl\e binowmial AI'S',’T‘;LU:HOn \S mere Skewel
v P 'S

“Rule of Thumh: T

..H,e_h ‘HAQ nOfM"-l LFFTOX'IM‘\-'HD“ works well.

Exw\?\e. r X An airline knows -H«d" 3e.ner‘«.“7
R Z O-F -}-icke‘l'-—lno(alers do not shew
Up for Haeir -Clual«‘\‘ Por a cerdain 'CIIJH'
with |55 seats, Hie airline sells 1¢0
tickets. What s He FroL«L{ '|+7 +hat

e:::{_%'\ﬁ who shows u.fa will 3&:" a
Let N = # who show wp.

Then Y~

Picture:

—ﬁ



“Note: The mormal distribeion can be

uSeA +o a—?PTOX;M&-‘-& O‘H\ex clfSCrd‘e
distributions, such as the Poisson.

-Exercice 7.100 chows Haal "p \/"*PDESS'-"“()‘),
Hhen:



