RCCQ“ ‘-

Sam?&. Xl, X'L, ., X,\ ’F"‘OM %6 Popu\\&”{iOA

ted X
Empici cal Distabution - Discreke  dighabubion otk
por k- Loy = Wil K=t retany
4]
eale Lav of Lavge quabers :-  TH 0= pm  Valn)=c>
X = X+ - -« 4R,
N
(TSC"‘QL‘,OJC‘)CV} ‘VAQ?O rP ({\7‘,}{\ 7&) — o Oy N—Do=.
Saode  Popoen ©- Tihwest b= PLXEA)
/}\3,——- \di: KeeA, 1etenl)
N
lek
20 = Lok wea
o otﬁ?{w@
23] ar b Beae (B EL20 =)
2 S 2
b= &
’ E['%w:\ :# . beale law 8y Ve aoaben
Vas C8a) = pli-ed TP( l@nf)?\ >¢) S0 0> wu—do°
(9
Cons\iT e ¢ ginator Skong V4o o) Jaac aumbeo
Wa brase o~ ‘P( Lo (90 _ )?> = A

n—->e

TP( o Rﬁ[ad'im FsCanen oo = Twe Pmba.\;\ib:> = 4
N> 2vear A & A



Sample Mean and Sample Variance

E ()= p,
o Xi,X5,...,X,beaniid. random sample from a population.— ¥ VaR) =
Recall the sample mean B
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A
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and sample variance
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e What are the limiting behaviour and distributional properties ?



Recall-Joint Distribution

Let n > 1 and X1, X, ..., X, be random variables defined on the same probability space.
Iﬁ diccreke o5 Coadhnupous ~Yandom varables.

e The joint distribution function F : R" — [0, 1] is given by

F(Xl,XQ,...,Xn) — P(Xl §X17X2 §X27---7Xn <Xn)7

for x1,x0,...,x, € R.
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Recall-Joint Distribution- Discrete and Independence
_Somc P‘f"“g'

Let n > 1 and X1, Xa, ..., X, be random variables defined on the same probability space.

e If all the random variables were discrete, from the joint distribution function one can

determine \
N
P(X1 = tl,XQ = tg,...,Xn: tn); Aad v ice
NV enNoO- n
for all t; € Range(X;),1 < i < n. GO = S
x|
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e A finite collection (Xi, X5, X3, ..., X,) are mutually independent discrete random
variables then their joint probability mass function is given by
n
P(X1 = tl,XQ = b,... ,Xn = tn) = HP(X, = t,')
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Recall-Joint Distribution -Continuous and Independence

Noh P f~

Let n > 1 and Xi, X5, ..., X, be random variables defined on the same probability space.

e If all the random variables were continuous, from the joint distribution function one

can determine for every event A C R”

P((X17 X27 X37 SRR 7Xn) < A) = / f(Xl,XQ, ce ,Xn)dX1dX2 ... aXp,

\_,7 V( ca Verga

S

A
where f : R" — R is the joint density.
I’AMP(&&MC}-
e A finite collection (X1, X5, X3, ..., X;) are mutually independent continuous random
variables with marginal densities fx. then their joint density is given by
n
f(xi,x0,...,X,) = fx.(xi),
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Order Statistics a2~y FCa) = Plxex)

Let n > 1 and let X1, X5, ..., X, be a i.i.d random sample from a population. Let F be the

common distribution function. Let the X’s be arranged in increasing order of magnitude
2_“& lowoey « alu

denoted by
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These ordered values are called the order statistics of the sample X1, X5, ..., X,.
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Order Statistics

Let n > 1 and let X1, X5, ..., X, be a i.i.d random sample from a population. Let F be the

common distribution function. Let the X’s be arranged in increasing order of magnitude

denoted by
Xy S Xy < -+ = Xy,

These ordered values are called the order statistics of the sample X1, X5, ..., X,.

Y F(n)(X) = P(X(n) < X) = 'F( Tj:}ifXQ 313 = .
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Order Statistics

Let n > 1 and let X1, X5,..., X, be a i.i.d random sample from a population. Let F be the

common distribution function. Let the X’s be arranged in increasing order of magnitude

denoted by
Xy =Xo) < = X
These ordered values are called the order statistics of the sample X1, X5, ..., X,.
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Exercises o ey
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Sample Mean

Let n = 1 and (X]_,X2,X3

.....

X,) be a collection of independent Normal random variables
with mean O and variance 1. Then the joint density is given by

F (i, 55, - - -~ Xn) — ?

for x; e IR and 1 </ < n. Let X = 1377 | X;. Find the distribution of X.
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Let X; be a Normal random variable with mean 0 and variance 1. Let Z = X?. Find the

distribution of Z.
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y2-with 2 degrees of freedom

L Name [ﬂDfAC/‘\.Q\Q’\'MJ‘Q b'\\\ belonc C\w/ \6\"?(»/

in IRhe Courwe

Let (X1, X,) be a collection of independent Normal random variables with mean 0 and

variance 1. Let Z = X12 -+ X22. Find the distribution of Z. Exercte

Pee fous &X’ e

-

N, & Gamea €L 1

T\ o

x.:- -—_::O\ ﬁ)ﬂk’f"\ﬁa\ C 5_. \L

L—L‘

XS and 8o @00 b epeadedk

cne Can d-a b:’b Sacme

P duce G2 Lefoe

Sum o > SRl o S

¥‘Z+ KLL é\ lhamna C %,'—&é,_(&:)

-:Q\ zﬁpc i>



X2 - N d-&dyqj) UJY f(:\rc_L (Q/bﬁ
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Let n > 1 and (X1, X, X, ..., X;;) be a collection of independent Normal random variables

with mean 0 and variance 1. Then the joint density is given by
f(x1, X0, ... %) =

forx; e Rand1<i<n LetZ=>", X?. Find the distribution of Z.
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(Chi-Square with n degrees of freedom)

%7—,‘\ = KN 3O HKF M.rﬂ\\‘) 4%, AN SO Q\S_ &6‘(}\@/15 é¥ N
adoud ek Roresd o) racalme oA bed
A random variable X whose distribution is Gamma (2, 2) is said to have Chi-square

distribution with n-degrees of freedom (i.e number of parameters). Gamma (%, 1) is

denoted by 2 and as discussed earlier it has density given by

272 .4 s
f(x) = “x3le 3

n X .
pxX2 e when n is even.

( _1)!\/7%'x3 e”2 when nis odd.

when x > 0.
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F-Distribution

Suppose X1, Xo, ..., X, be ani.i.d. random sample from a Normal mean 0 and variance o7

population and Yi, Y5,..., Y}, be an i.i.d. random sample from a Normal mean 0 and

2 2
variance o5 population. Let U = >, (é) and V =>"", (0%) Let Z = n—Ul v

1 n

The density of Z, for z > 0 is given by

0 (2)
Z) = | — — . oy
m)  (1+2z2)"2T(3)N(3F)

n;

Z is said to have F(ny, ny) distribution.

Z is close to a widely used distribution in statistics called F- distribution.
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t,-distribution  Stabshas 1 LR e o =y
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Let X; be a Normal random variable with mean 0 and variance 1. Let X, be an independent

X2 random variable. Let

The density of Z is given by

Z is said to have t-distribution with n-degrees of freedom. We will denote this by the

notation Z ~ t,,.



Result

Let n > 1, X1, Xy, ... X,, be an i.i.d random sample with distribution X ~ Normal(s, o%).

Let X and S? be as above. Then
V(X —p)
S

has the t,_4



