
MAT 330/681 Lecture 7 2/24/2021

Independent Events
--

Dedi E and F are independent events if

PCEF) - PFE) - Pff) .

Note : If E and f are imdep . :

PCEIF) = P!¥F# =P e- PIE)

pffl E) = Pff) .

Examples :
-

② A card is selected at random dacyedo¥)
E = Card is an Ace

f- = cord is of hearts

4 pff) =
13 PCEF) =L

PCE) = - = 151 -52=14 ' ¥ sa
52

The Ace of

PIE) . Pff) - Ifs . I
,
= =P(EF)

hearts

⇒ E and F are independent .

② Toss 2 fair dice

E - sum is a-
without )f- = first is 4 (tns

: ntnadnedpendeuatre)



P (E) = -5 ,
PCF) = -1g , REGE) - I

36 36

1+5--6 PCE) - Plf) = 55g . 61--25-1, f- tzzptef)2+4--6⑤¥@I?aEO ⇒ E and F are not independent .

66=36

Prop ; If E and F are independent, then so are E and F ?

Pt: By def . , E and F are indeep . if

p( E) - PIF) =P (EF) -

wanttoshow.TLE f
E - EFU Efc

P(E).MM=pCE
%
,

PIE) =P (EF) +PLEF)%
,

= PIE) - PIF) + PCEF')

⇒ PIE) - PCE) . PLF) =P (EF)
PFE) ( I- Pff)) = REF)
-

PIF')
PFE) . Ptfe) =P (EF

') . D

-a-

However : If E and F are independent{E and G are independent
'

④¥¥
is it true that E and FG are independent ?



NI: there is a counter - example
Toss 2 dice:

E = sum is 7 E and F are iudep .

V

f- = first is 3 E and G are indep .V

G = second is 4
E and FG are not indep : X
P (EIFG) = I > PCE)

what does it mean for E,
F
,
G to be independent ?

Def: E ,
F
,
G are imdep . if

PCEFG) - PFE) .

Pff) - PCG)

PCEF) = PIE) . PIF)

¥:* :#¥::% .

} own
.

What about for collections of more than 3 events?

Def: f Ei ) are indent if for all subsets

{Erie , Eiz , - - - Eir) , P (Ei
,
Eiz- - - Eir)=P( Eis) . MEE) -- -Phir) .

[ for any r

Dad:fEi{ are called trials if Itil are independent,

and have the same possible outcomes

"

Ei = outcome of ith repetition of a given experiment !



Bernoulli
Suppose an infinite sequence of ( independent) trials is conducted

,

and the outcome is either a success (S) or a failure (F) .

Prob. of Success = p
SSFSSSFFSFFSS - - - - [prob

. of Failure = 1-p .

a)What is the probability of atleast 1 success in the first

on trials ?

Iplay legs-7=1- Plantae ) - I - (I-p )
"

-a

b) what is the probability of exactly k successes in the first

n
trials ?

sss;FEr
. pHe-pT

A

c) what is the probability that the first n trials are a

success ? what hoppers as n 9 to ?

s first - Li: pie
"

h

F-j-I-nlij.CI- pine 10 , OEI-pctk.ph
1
,
I - p =L fp =D



Exe. Rolling a pair of dice infinitely many times
.

What is the prob .

that a sum of 5 occurs

before a
sum of 7 ?

En = (
no 5 or 7 occurs in the first n- 1 trials
and 5 occurs precisely on the nth trial .)
[ "

you have not ueonlloss
until

nth trial , and you win on the nth trial "

disjoint
,→

us

Yeti:!ag=Plh EYE EPH E. G- Ed
- n =L

[ "

prob . that
I = ?

you win
" at least
1 of them
must happen

Pls) = 4/36 pfscn 7) =P#777=1 - P(507)
Ptt) = 6/36 - I -Htt PHD

n-I = I - 4¥ - I- ¥ .

Men) - I. ( I - ⇒
36-

T t
5 occurs no 5 nor't
on the nth on trials

trial I , - - -in-1



ii. e. k¥7 - EEE.

t.IT#--hqE=ZQ40Y.Ndre-:P(5)--zIgiP(
7) = 656

⇒ Odds are 6 : 4 ⇒ P = ¥6 = ¥ -

- Goy
.

(ie . disjoint)
In general, if E and F are mutually exclusive? performing
finder) trials , the probability that E occurs before f is

PCE)

¥tPF)
.



Exe the probability of some category 5 hurricane hitting
NYC any given year

is dot . ( assume this prob

is constant
, despite the fact that,

due to climate change,

it is actually increasing with tame !)

Bernoulli process

S = cat 5 hurricane occurs in given yr
p=Hdo

f- = - - -
does not occur ingewenyr I- p - 9/10

a) What is the prob . that we eat
. 5 hurricanes hit NYC

for 15 straight years?

4-pj's
"

E29Y .

b) what is the prob .
that cat . 5 hurricanes hit NYC

in exactly 3
years between 2021 and 2031 ?
-

10
years .

PPinsioyrst-CD.MU -¥-45) to.fi . f÷E5II
c) What is the prob . that cat . 5 hurricanes hit NYC

in at most 2 years
between 2021 and 2031 ?

-
-

IO years .

cantvirisausin O yr → depth
to

- go.IO
q9

1 yr → Cf) pls - pi - 10 . Eo - ft)! Toa
2. yrs → EL)p4I-D8 -49) #Eis - II.



P = that Iola t f: ) ÷. I92.9817#


