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Poisson random variable (1)
Notation:

AN for AxR, A >0
State space
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Expected value and variance

E[X] =

A, Var(X) = A
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Poisson random variable (2)

Use (examples):
@ # customers getting into a shop from 2pm to 5pm
@ 7+ buses stopping at a bus stop in a period of 3bmn

@ # jobs reaching a server from 12am to 6am
g \s  Queucng Fheory H/r1/1
Empirical rule:

If n— oo, p— 0 and np — A, we approximate Bin(n, p) by P(}\).
This is usually applied for

p<01 and np<5H
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Swnmary, - we  hae  proved
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Var(x) dor x~ L)
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Poisson random variable (3)
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Figure: Pmf of P(2). x-axis: k. y-axis: P(X = k)
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Poisson random variable (4)  ‘tiyon = Fuk
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Figure: Pmf of P(5). x-axis: k. y-axis: P(X = k)
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Siméon Poisson

Some facts about Poisson:

o Lifespan: 1781-1840, in ~ Paris

@ Engineer, Physicist and Mathematician
@ Breakthroughs in electromagnetism

@ Contributions in partial diff. eq
celestial mechanics, Fourier series

@ Marginal contributions in probability L -
%M QL/ %’) —> “A) POISION. /w

A quote by Poisson:
Life is good for only two things: doing mathematics and teaching it!!
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What decd  Fdivon  prove ?
Fix 20 . Then
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Example: drawing defective items (1)

Experiment:

@ Item produced by a certain machine will be defective
— with probability .1

@ Sample of 10 items drawn

Question:
Probability that the sample contains at most 1 defective item
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ivon _agproxmaton . we hawe

n= 10, p=

Ol => np=1 <5 , p<o.l

= Bwmlnp) v P1)

Thus
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Example: drawing defective items (2)

Random variable: Let
X = # of defective items
Then
X ~ Bin(n,p), with n=10,p=.1
Exact probability: We have to compute

P(X<1) = P(X=0)+P(X=1)
(0.9)° + 10 x 0.1 x (0.9)°
= 7361
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Example: drawing defective items (3)

Approximation: We use

Bin(10,.1) ~ P(1)

Approximate probability: We have to compute

P(X<1) = P(X=0+P(X=1)
~ el (1+1)
.7358
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