Lecture Summary

» The normal distribution
» The central limit theorem

Material can be found in Chapter 5.6, 6.3 of DeGroot and
Schervish.
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The Normal Distribution

Standard normal

N(0,1) - fx(x) =

Normal with mean p and variance ¢

. 1 (X —
X

o2 P o
Theorem

If X ~ N(p,0?), then aX + B ~ N(ap + 3, a?c?)

N(0,1) : fx(x) =

J)
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Calculating probabilities with the Normal Distribution

> We want to estimate P(X < a) when X ~ N (p, 02)

» No closed form for [?  —2_exp (-1 (X=£ 2) dr
0 o271 2\ o

> If X ~ N(p,0%), then 222 ~ N(0,1)
> P(X <a)= P54 < 1) = (L),
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Central Limit Theorem

Theorem (Central Limit Theorem)

If the random variables X1, ..., X, form a random sample of size n
from a given distribution with mean 1 and variance 0% (0 < 02 <
o0), then for each fixed number x

Xn —

g

limp oo P(vn 22—y = o (x),

where ® denotes the c.d.f. of the standard normal distribution.
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Central Limit Theorem

> S, =", X;, mean np, variance no>.

_ i 2
> X, = % mean f variance "7
2

> j% mean f+/n, variance o*.

> Zn= oM ‘/H(X"f”), mean 0, variance 1.
Vno o
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Example

» You are doing a poll on "ratio of people agree with the
lockdown measures".

» True ratio: p, estimate X,,

» No guarantee for finding exactly p, so
P(|X, — p| > 0.01) < 0.05

» Apply Chebysev inequality with t = 0.01: n = 50,000.
> Apply CLT:?
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