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» Poisson distribution as a limiting case of
Binomial distribution.

» Probability mass function of Poisson
Distribution.

> Real life situation of Poisson distribution.

» Moments of Poisson distribution.

» Coefficient of skewness and kurtosis.

» Mode

» Recurrence relation for moments.

» Mean deviation about mean.

» Fitting of Poisson distribution.

» Related problems.
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PROBABILITY — MASS FUNCTION OF POISSON
DISTRIBUTION

If a random variable X follows Poisson distribution
with parameter A, then probability mass function of
X IS gliven by

=0 ,elsewhere.
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*Number of mistakes in a typed page.

*Number of defects in the insulation of a fifty
metre length of wire.

**Number of cars parked at a place in an hour, say
between 10:00a.m. and 11:00 a.m.

*Number of suicides in a certain period in a city
or town.
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COEFFICIENT OF SKEWNESS AND KURTOSIS
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Hence, the Poisson distribution is positively skewed and
leptokurtic.
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Case;. Let A benotaninteger.A=m+ f, where
mIs the integral part and f Isthe fractio
—nal part.

Cf(X) maf
U f(x=1) X

S0 )
f(x-1)

>1: when, x=12,.......m

Then, f(0) < f (1) <.......... < f(m)



T (x)

#=1; since, X takesintegral valuesonly.

f(x—1)

f(x)
f(x-1)

<l when, x=m+1m+2,.......

Then, f(m)> f(m+1) >.......... .

Combining abovethreeresults it Is seenthat
fO<fT@<...<f(M)>Ff(M+1)>.......

So, the distribution is unimodal and mode is m.



Casell: LetAbeanintegerand A=m’

Cf o

o o f(x_l)— X
f(X) >1, when, x=1.2,......,(m"-1).
f(x-1)

Then, f(0) < f() <...... < f(m' 1)

TX)_ _ 1 when, x=m'. Then, f(m'—1) = f(m’).
f(x—1)

f (x)
f(x—1)

<1, when, x=(m"+1),(m"+ 2),.......



Then, f(M) > f(M+D)>f(M+2)>....

Combining above three results, It is seen that
fO<fQ)<...<f(M-D=Ff(mM")>
f(m+1)>f(m+2)>.......

So, the distribution is bi-modal and modes are

(m'—1) and m'.
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Let X ~P(4)and A =1.

—A 19X -1
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MEAN DEVIATION ABOUT MEAN
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< Define the random variable X.

«» Write down the probability — mass function of X .
—A X
e A
f(X)=P(X =X) = | ,x=012,...;4>0
X!

+ Since, the parameter is unknown, so, it has to be
estimated by the method of moments.




+ Recursion relationis f(x)=—.f(x-1); x=12,
X

« Expected frequencies can be calculated by using the

N

A

following columns:

(1)

><|§>>

(2)

)
f(l‘)=Ef(i’C—1)

(3)

Expected
frequency
= Nxf(x)

(4)

Observed
frequency

(5)

** Probability corresponding to the last row is [1-

total probability up to the previous row of the last

row]



f(x) A

=—,Xx=12,........ then find the p.m.f.of X.
f(x=1) X

L f) 2 A f(x_1) x =
: f(x_l)_xso,f(x)_xf(x 1), x=123,.......

Now, f(1):%f(0)=%f(0)
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f(2):if(1)=i.if(0)=i2f(0)

2 271 7
f(3):§f(2):§./;! f(O):%f(O)

cf(x)is pm.f.,s0 Y f(x)=1



o T(0)+ f_(1)+ F(2)+ T(3)+.riiriririnnnnnn, =1

o 11 A E A E :1
Or, f(O;.e* =1 _

Or, f(0)=e*

f (1) = e‘lfl f(g):eﬂ_’; f(3):e”“.%j
and S0 0N, - f (X) = & A X =012 e



A random variable X follows Poisson

distribution with parameter m.

P(X =x)=e™ ml X=012 oo
X!
=0, otherwise
P(X iseven) = P(X =0)+ P(X =2)+ P(X =4) +....
m?° m2 m* ]
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If X and Y are independent Poisson
var lables such that

P(X =2)=P(X =3)and P(Y =4) =P(Y =5),

find the stan dard deviation of 2X -Y.

m
X!

X

x=012......

Let, P(X =x)=e™"

=0, otherwise
y
Let, P(Y =y)=e" ”—I V=012,
y:
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P(X =2)=P(X =3)

—M pon 2 —M o 3
Or, cm_°&m Or,m=3
2! 3

P(Y =4) = P(Y =5)

e "'n* e"n’

Var(2X —=Y)=4Var(X)+Var(Y) =4.3+5=17
S tan dard deviation of (2X —Y)=+/17.




If a poisson distribution has double
modes at 2 and 3, wht is the probabi

—lity that the variable will take either
20r 37

Let X ~ P(A) and since It has double
modes, So
P(X =2)=P(X =3) or,

- 4 32 33

P(X=2UX =3) =e *[—+=]=9e"2
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a) If P(X =3)=P(X =4) for a Poisson
random variable X, then find
1) the mean of the distribution.

i) P(X = 0)iii) P(1< X <3).

b) If 2.P(X =0)=P(X =1) for a Poisson
random variable X, then find
P(X >1/ X <3).
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a) Let X ~ P(A).

e "X et A
34l

or,A=4

P(X =3)=P(X =4) or,

1) the mean of the distribution is 4.
i) P(X =0)=e"*=0.02.
i) PA< X <3)=P(X =)+ P(X =2)+P(X =3).
4 4° 4

—e ‘[-+—+—] =0.453
n 21 3
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b) 2P(X =0) =P(X =1) or, 2.— T

or, A =2.
P(X >11 X <3)

“P(X >1/X <3) =

P(X <3)
B P(X =2)
CP(X=0)+P(X =D)+P(X =2)
22
o1 2

T 0 ot 927 T g
S
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Show that the function

—m X

M

f(X)= O<m<oo, x=12,....,00

1—-e ™).x’
= 0, otherwise
represents a p.m.f.
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e (e -1) _q
(1-e")
So, given Jfunction.is.a.p.m.f.
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