[8.3] Sampling Dist.

A statistic is a random variable!
- It has a distribution
- We call this the sampling distribution
or derived distribution.

Linear Combinations of Normal Variables

Thm: If X; ~ N(p;,02);i=1,...,n denote independent RV’s, then

Y = Zai){i ~ N ( ZG@I% Z afgf) Proot: Use MGF'’s
i=1 i=1 i=1

Corollary: If X, Xs, ..., X, denotes a RS from N(u,o?), then X ~ N(p, 0% /n).
Compare to CLT! which is equivalent to X ~ N(u,0/n) !j
L , R | ) /(X =) a4
X, Xy, ... ,. X,, denotes a RS with mean p variance o*, then v K ‘e N (0,1),
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The Chi-Squared Distribution X prounouce "Chi" as in kite

IfY ~GAM(2,v/2), where v= degrees of freedom, then

Y is said to follow a y* distribution with degrees of freedom v

In stats notation, ¥ ~ y*(v)
Thm: If Y ~ y*(v), then

My(t)=(1-25)* . ElY]|=v
, 2T (L 4 Var|Y| = 2v
E[Y"] = (zu ") Y]
r(s)
| X,
Thm: If X ~ GAM(0, k), then Y = 5 X (2k).
Proof: Use MGFs Note: Mx(t) = (1 —6t)™"
o 24 2y 2t —H
My(t) = E[e®'] = Elet'? ] = E[e?X] = My (E) = (1 = g(ﬁ)) _ (1 — 2t)"2/2

That’s the MGF for the x*(2x) dist!
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We can use a Chi-square table to compute the CDF for ANY Gamma dist.
You can consider it like a ‘‘Standard Gamma Dist”

| 2x i "o
In particular, if X ~ GAM(6, k), then Fy(z) = Fy (? Qh‘)? where Y ~ y*(2k)

EX: X=time in years until failure of a component X ~GAM(0 =3,k =2)

Find the 10th percentile

B 2900\ Try it for problem 37 or 38 in
PIX < 2o.10] = FY( 0 ) = chapter 3 from your textbook.
So 21:;'1“ = xa10(2k) + Look up in the Y~ table.

In that one, X is GAM(5,4)

e 3 ; or X is GAM(1,3)
3 Xo.10(4)
; You can use it to find prob. as

Thiis, 0= 5}:31“(4) = 3(1.06) —1.59 well as percentiles.
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Thm: the sum of independent x* RVs| Thm: If ¥; ~ XE(U-.::) are i.d., then V = Z Y, ~ XE(
i=1 i=1

Thm: the Square of Standard : 9 9
Normal is a Chi-square with df=1 It Z ~ N(O 1)? then 2% ~ X (1)

Corollary 8.3.2

MK Ky . X, denotes a random sample from N(ju,o ) then
— (X; — p ; X =g
Z (Xi 2”) ~x*(n)  and a : 1 N(0, 1)
7 o o
Proot: 2 §
Since Xig_ 2 9 N(0,1), then (X"’:J_ ‘”')2 — Thus, ; s — '” ( 2 1) =X

a ﬁ o

<% s g 2
(X — p X —u X —u
Since v 2 —— 45 N(0,1), then ( = '”) ~ x*(1)
Jn

L/; )

2(?1
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What is the distribution of S? = Z

i=1

Al
(X=X,

n—1

This is difficult to know since X; — X is not independent of A pr— X. Note Z X; — X = 0 always!
LThm: 18X, Xy X,, denotes a RS from N(y, 0?), then

4 rl

1. X and the terms X; — X;i=1,...,n are independent

2. X and S? are independent.

n—1)S?
3.( 02) ~x*(n—1)




