
 Let Y be a discreate random variable with

prob function Ply c be a constant Then
ECC c

Proof
Eco Ey

c ply

C P

1 since its equal to total probability
Ecc C

Let 4 be a discreate random variable with

probability function Ply gly be a function
of Y c be a constant
ECC g y C E Egly
POI

E c fly Ey c g ly ply

C Eyg y ply c E g u

Let 4 be a discreate random variable with

probability function ply
gily 92 ly gkly be k functions of 4
Then
E g 4 ga Y t tgkly
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Prats
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Let 4 be discreate random variable with prob
fund Ply then VLy Z E dy my

E yz MZ
Mf

ga E y y 2 E 42 2my t H2
E YZ E 12MY E M

since he is constant app laying previous theorems

62 E M 2

MEY
t M the foe

E 42 2MZ t MZ E 42 MZ

Ex calculate variance of 4 representing
of points rolled with a die

µ ELY 1
I 2 It 6 712
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GE E y ML
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Bernoulli Distribution
Bernoulli experiment Ifaf
prob distribution Ply p8 i p y

Binomial Prob Distribution
Repetead trials play an important role in

prob stats when of trials is fixed

A binomial experiment possesses fallowing proper
Experiment consists of a fixed number n

identical trials
Each trials has two outcomes

success

failure

Prob of success on a single trial is equal
to some value P this remains same for
each trial

Prob of failure is a l p



Trials are independent
Random variable of interest 4
of successes observed during n trials

Prob of getting y successes my failures
in a specific order is py any
There is one factor p for each success

one factor g CI p for each failure

Y factors p n y factors q are all multi

together by virtue of assumption of independence

since this probability applies to any sequence
of n trials in which there a y successes

Cn y failures we have counted how many
sequences of this land there are and then

multiply by pY g
n y by that number

of ways in which we can select y trials on

which there is to be success is
y and desired

probability fer y success in n trials is

g py.gr y



A random variable 4 has a binomial distr
it is referred as a binomial random variable

iff its prob distribution is given by

ply y pygmy

Y O 1,2 Olpe

EI find prob of getting SH 7T in 12
tosses of a coin

y s

n 12
D 112

PLS Y 1
s

1 1
12 S

3 E I 0.19

To find binomial probs we use binomial

prob tables

bly nip bln y n l p

The term binomial experimet derives from
the fact that each trial results in one of two
possible outcomes that probs ply y91
are terms of binomial expansion



gtp no an n p'tg t 2 plant t

2 ph
You will observe that

no an pla n plaint pls

ply g pygen y

It also fallowes that ply satisfy necessary
properties for a prob fume because ply is

positive for y oil n

and since gtp f

Ey ply go g pygmy

gtp in 1

Let 4 be a random variable based on n trials

success probabilities p then

M E 4 n p GE y n p g

proof Ely Ey y ply

go y ng pygmy



First term in sum is O hence

EM gÉY inyfly put any
n

É in y y 1
pot any

Factor out hp out of each term in sum

let y f

El 4 npyE
K D

n g y
PF an y

NpEf Cn D
n t z z

p Z an 1 z

np In I pt an i z

notice that plz I pt an t t

is binomial prob function based n t trials

E plz f I is it equal to this
Z

M E 14 n P



consider a rander variable X Y where 4
is a random variable having a binomial
distribution This random variable x is proportion
of successes in n trials

If 4 has a binomial distribution and x Yin
then E x p Gx pl i p

n

Geometric Prob Distribution
The main difference of geometric prob distr

from binomial distribution is that instead of
number of successes in n trials geometric vanden

Variables Y is of trial on which first success occurs
Thus experiment consists of a series of independed
trials that concludes with first success

A random variable Y has a geometric prob distr

it is referred as geometric random variable iff its prob
distr is given by ply qt p y 112,3

O Ept 1



EI If prob is 0.75 that an applicant for a drivers
lisence will pass road test on any given try
what is the prob that he she will finally pass the
test on the 4th try

PCU 0.75 1 0.75 p 0.75 9 0.25

0.01 y
0.75 0.2533

It 4 is a random variable with geometric
distribution

M ELY I GE v4
II

Thus mean value of 4 is inversley propertrend
to p Since larger values of p smaller values

of a lead to higher probabilities for smaller

values of 4 and hence lower probabilities for larger
values of 4

The Negative Binomial Distribution
It has a close resemblance with geometric

probability distr Now we are interested in number

of trial on which 2nd 3rd 4th success occurs



instead of of trial on which first success
occurs

A random variable Y has a negative binomial
distribution referred as a negative biremid
random variable iff its prob distr is

ply EY pray
r

y r rtl r 12 Ce p El

If prob is 0.40 that a person exposed to

covid 19 will catch it What is the prob that
lath persan exposed to disease will be 3rd to
catch it

y C F 3 p 0.4 9 0.6

ply E 0.473 10.677

0.0645



Mean Variance of a negative binomial distribution
are

µ ELY
I re y r

LIF
Hypergeometric Probability Distribution
A random variable Y has a hypergem distr
it is referred as hypergeometric random variable

iff its prob distr is given by

ply g Ey
Y

where y 112 n

yer r y en r

for sampling without replacement number of success
in n trials is a random variable having a hypergametr

distribution with parameters in Nir

EI As part of an air pollution survey an inspector
decides to examine exhaust of 6 of companies
24 trucks If 4 of company's trucks emit
excessive amounts of pollutants to air what is the

prob that none of them will be included in the

inspectors sample



Y O F 4 N 24 n 6

µ
o 288plo

Mean Variance of a Hypergeometric distribution
are

M ELY
LI

G via n i NI II

Poisson Distribution
A random variable Y has a poisson distribution
referred as poisson random variable iff it's

prob dist is

Ply YY e x y 1,2 x a

Poisson distribituid provides a good model
for probability distributionof A Y of rare events

that occur in time

where X is the average value of Y
therefore



Mean variance of Poisson distr are

M ELY X 62 614 X

EI In a factory 2 of employees are late in

a week on average what is the prob that 3

employees are late in a given selected week
P 3 3,3 e 2 y 3 7 2

8
8.135 0.18

Let u be of successes resulting from independent

trials each will prob of success p Poisson distr

provides a goodapproximation to binomial probabilities

with n 220 poos when n Zico n pale

approximation is excellent

Prob func of approximating distr is

ply e P np y

y
for y 011,2

EI A manufacturer of transistors claim that companies

transistors are 99.9 t reliable prob that a

transistor is defective is 0 Or if you buy 800
transistors what is the prob that nene is defective



Y O p 0.007 n 800

e
sad 11104

goa I loco
0

o 449329

0

Moments Moment Generating Function

mgf
The Kth moment about origin of a random

variable Y denoted by M k is expected value

of y k

Mi E 4 Eg y ply

MY E 4 Egg ply

is called mean of distr of Y or mean of Y M

The 4th moment about mean of a random variable
denoted by me is expected value of Y M k

when Y is discreate

My E Y M E ly M p ly

Mo 1 M 0 for any random variable
second moment about mean is called as variance

M2 denoted by 162 Ver y KY



M2 ELLY MY Ey Ly M ply

62 Ma M2
42TMZ E YZ IE Y

2

The 3rd movement about mean denoted by
M3 describes symetry or skewness of a distribution

23 3 Coefficient of skewness

23 EE LY MY
Mf63

If 23 0 we have a symetric distribution

if
24 coefficient of kurtosis

24 ELLY MT
4 ft



IIorge
kurtosis

If U has a variance 6 then Varlaytb

a Zr

Although the moments of most distribitions
can directly be determined by evaluating necessary
sums An alternative procedure generally
provides considerable simplifications
This Technique uses moment generating fun

Mgf for a random variable provides us all
moments for a random variable by one simple
expression
The ngf of a random var Y where it

exists is given by
Mct E et Ey ett ply

Mgf for y exists if there exists a positive constant

b such that Mlt is finite for It I Eb

Independent vanabe is t we are interested in values

of t in neighborhood of O



To explain why it is called as mg f substance
for ety its madauren's series expansion

ety atty t

typ 4ft tt
Mit Elety Ey I tty t Ift Ey I ply
Ey ply t t gypsy It Ey ply t

4,1 Ey yply

It putt ma If multi

If Mlt exists than for any positive intiger k
d kmet
dt K to

m O M z

If a b are constants then

My alt E elltatty eatmy It

Mby't E Eebut my
lbt

Mygale EL el It e's'tmy E



EI Random Variable Y can assume values 1 7

with 112 prob Find a moment generating function
b find four moments about origin
d Elety et t ett y

I let et

et it tf 5 fit
e
t
e 4 tf tht i

I lette
t

att
t

Mlt it MetMa EetMo't My It t
Thus M C M 7 My C My 1

the odd moments in this exercise are all zero even

moments are all one

If Mlt exist for a prob distribution it is unique

If mgf's for two random variables 4 Z are

equal then 4 Z must have same prob distr



Probability Generating Function pg f
Let y be an integer valued random variable for
which Ply i pi where i 0,112 The probability

generating fund Pct for 4 is defined to be

Plt Elt pet pit path

É pit for all values t such that

P t is finite coefficient of t in Plt is prob

pi thats why its called pgf

Repeated differentiation of Plt yields factorial
moments for random varb Y

The Kt factorial moment for random variable
4 is defined as

Mak ELY Y 1 Y 2 4 4 1

where k is a positive integer
Mc M

Maz E 1414 1 is useful in finding variance

of binomial geometric poisson random variables



If PLA is post for an integer valued random var

Y then Kth factorial monument is given by

gift j
P D Ma

Exercises

EI if prob distribution of X is given by
f x It for x 111,3

Show that E 2x does not exist

E 2 E 2 ply É 2 E

EI 2 t É I 1 1 1 as

SO E 12 does not exist

Petersburg Paradox

ExI Find expected value of a discreate

random variable x having prob distr

f x LXII for x 1101113



E y ply Ex III
E 1 7 1 17 6 1 E 3

117

Ex3 Prob that a landlord will sell a

piece of property at a profit of 3000

is 3120 Prob that nel she will sell it at
a profit of Isoc is 7120 prob that beiste
will sell it at a profit of breakeven level
aka no profit is 712C and prob that he she

will lose 1 soo is 3120
what is her expected profit

no.eu
Isoc 7120 389.3g isoo.FI
0 7120 45C

is isco E E
Eg s

1150 300 75C M



ExI In a certain city incompatibility is given
as legal reason in t 70 of all divorce cases Find

prob that S of next 6 divorce cases will

claim incompatibility
binomial distr

b x in I o l g n

I
q o

S 0.7 0.3 c 302s

Ex S of monthly breakdowns in computer systems
is a random variable having Poisson distr with
D 1.8 find prob that this system will function
for a month

a without a break down
b with only one breakdown Ply Xt e x

y
a X 1.8 X C

Plo 1,8 1 8 e
t 8

0.1653
0

b Pll 1 8 1.8 e
8

7
0.297s



Ex 6 if events A B C are independent show
that

a A and Bnc are independent

bl A and BUC are independent

Ex For any event A show that A 0 are

independent


