
Announcements

Regrade requests

If you lost points becauseyou
selected

the wrong pages for a problem, you
should submit a regrade request

Modsevrestor survey
Please fill it out if you can



⑧ Goal for today
Two more common distributions

Derive their basic properties

why ? Want to build probabilistic models of situations
in science or

'

technology



① Geometric distribution.

Have a biased coin which is heads with probability p
Flip it until you get heads

✗ =

Example

p = 0.1 p = 0.3



Have a biased coin which is heads with probability p
Flip it until you get heads

✗ = # of flips

Example TTTH ✗ = 4 probability :
TTTTTTH ✗ = 7 probability :
H ✗ = 1 probability :

Distribution of ✗ Possible values :

P(x=i)=

This distribution is called the
and we wrote



Reminder ✗ - GeometricCp] ⇒ P(x=i)= (1-psi
-'

p

Question what is EFPCX=i)?
7--1

Answer

£P(x=i) =
ist

Lesson



④ Expected value of geometric distribution

7hm If ✗ ~ Geometric Cp) then ECX) = f- .

pI ECX) =

C-(X) =

Warning can only manipulate infinite series like this
when they are



7hm If ✗ ~ Geometric Cp) then ECX)= f- .

Example I roll a fair 6-sided doe until I get a G.
If it takes n rolls,

Qwestoon How much are you willing to pay to play
this game with me?

Answer



④ Example : Coupon Collector's Problem

n types of Pokémon
Each day you catch a random Pokémon

Define ✗ =



Define ✗ = # of days until you have one of each type
what is C- (X) ?

Define new random variables

Note :

Example

Day 1 Day2 Day 3 Daya Days Days



✗ = 1¥ of days until we get all in types
For i= 1,2, . . . in Xi = # of days after we have T- l types

until we have i types
Note : ✗ = ✗ it Xzt . . - +Xu

ECX) =

Upshot :

What is Ecxi)?

Distribution of Xi :

⇒ Ecxi)=



⑤ Variance of geometric distribution

Twm If ✗ ~ GeometricCp) then Vara)=1-¥
pI Varcx)=

C- (☒2) =

⇒



Thus If ✗ - Geometroccp) then Vara)=1-¥
pI(continued) Varcx)= C- ( x2) - c-(xD =

Have : ECW) - ( 1-p)E(8) = ☒ czi- 1) Ci - p)
"'p

i=1

=

⇒

Comment



② Poisson distribution
Poisson =/ Poison

Def A random variable ✗ has the Poisson distribution
with parameter 4 if the distribution of ✗ is

we wrote ✗ ~ Poisson (d) to indicate this

Comment Bernoulli

Binomial

Geometric

Poisson



④ Intuitive meaning of Poisson distribution

Poisson distribution : P(✗ = K) = ¥-1, é> for K=0> 1,2> - --

Intuitive meaning
some event occurs

# of tonnes of occurs on any
2 I 1

disjoint intervals are

✗ =

What random variables have Poisson distribution?

①

②



A cool example
sometimes, cosmic rays

when they do, they can cause

This is a real problem!

How
many bits do we expect to flip this way per year?



Poisson distribution : P(✗ = K) = ¥-1, é> for k=0> 1,2> - --

Uses of the Poisson distribution

Use # 1 : Model various naturally occurring situations
on sentence, technology , etc

Use 11--2 : Approximation to the binomial distribution

One formalization of this :

Thin



Calculating things about the Poisson distribution

suppose ✗ n Poisson(d)
What are ECX) and Var Cx) ?

Warm-up ?£oP(✗=k) =

pI

comment

Lesson :



Thus If ✗ - Poisson(d) then ECX.)=d

pI

consider e×=ÉE÷



Thin If ✗ ~ Poisson (d) then Varcx) = ✗

pI

et = § ¥
k=o

K !

Comment common way to check if Poisson distribution is a
good model for a situation :



What does Poisson(d) look like?

=3 8=5 ✗ = 20

As +→ no
,

later we will see thos is explained by the following fact

-1hm If ✗~ Poisson(d) and Yn PoissonCm) are independent
then



-1hm If ✗~ Poisson(d) and Yn Poisson (m) are independent
then ✗&Y~ Poisson (dtu)

pI let KERN .

Need to show



Then For a
-_ 1,2,} . . . let ✗n~Bon(n, ⇒

Then for any
KEN
lom P(Xw=k)=¥,e→
n→x

Intuition Poisson (d)

1 I expected number of events :

①

②

③



Then For a
-_ 1,2,} . . . let ✗n~Bon(n, ⇒

Then for any
KEN
Lom P(Xw=k)=¥!e→
n→x

pI



③ Summary
Bernoulli ✗~ Bernoulli (p) ECX)=p

Varcx)=pCl - p)

Bonomoal X~Bincn.pl C- (*)=np
Vara)=npCl-p)

Geometric ✗ ~ GeometricCp) ECX)=p±
Vara)=¥p

Poisson ✗ ~ Poisson (d) E(✗)=d
Varcx)=x


