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Example-1: Poisson Distribution Problem

@ The number of heavy trucks arriving at a railway station follows a Poisson distribution.
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Example-1: Poisson Distribution Problem

@ The number of heavy trucks arriving at a railway station follows a Poisson distribution.

@ The average number of arrivals during a specified period of one hour is 2.
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Example-1: Poisson Distribution Problem

@ The number of heavy trucks arriving at a railway station follows a Poisson distribution.
@ The average number of arrivals during a specified period of one hour is 2.
@ Find the probability that during a given hour:
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Example-1: Poisson Distribution Problem

@ The number of heavy trucks arriving at a railway station follows a Poisson distribution.
@ The average number of arrivals during a specified period of one hour is 2.

@ Find the probability that during a given hour:

e (a) No heavy truck arrives
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Example-1: Poisson Distribution Problem

@ The number of heavy trucks arriving at a railway station follows a Poisson distribution.
@ The average number of arrivals during a specified period of one hour is 2.

@ Find the probability that during a given hour:

e (a) No heavy truck arrives
o (b) At least two trucks arrive
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Solution Setup

@ The average number of truck arrivals is A = 2
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Solution Setup

@ The average number of truck arrivals is A = 2

@ Let X be the number of trucks arriving in a given hour
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Solution Setup

@ The average number of truck arrivals is A = 2
@ Let X be the number of trucks arriving in a given hour

@ The Poisson probability mass function is given by:
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(a) Probability of No Heavy Truck

e We want P(X =0)
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(a) Probability of No Heavy Truck

e We want P(X =0)

@ Using the Poisson formula:
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(a) Probability of No Heavy Truck

e We want P(X =0)

@ Using the Poisson formula:

@ Numerically,
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(b) Probability of At Least Two Trucks

e We want P(X > 2)
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(b) Probability of At Least Two Trucks

e We want P(X > 2)

@ Use complement rule:
P(X>2)=1-[P(X=0)+ P(X =1)]
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(b) Probability of At Least Two Trucks

e We want P(X > 2)

@ Use complement rule:
P(X>2)=1-[P(X=0)+ P(X =1)]

e From earlier, P(X = 0) = 0.1353
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(b) Probability of At Least Two Trucks

e We want P(X > 2)
@ Use complement rule:
P(X>2)=1-[P(X=0)+ P(X =1)]
e From earlier, P(X = 0) = 0.1353
e Compute P(X = 1):
e—2 . 21

P(X=1)= T 2e72 ~ 0.2706
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(b) Probability of At Least Two Trucks

We want P(X > 2)

Use complement rule:
P(X>2)=1-[P(X=0)+ P(X =1)]

From earlier, P(X = 0) = 0.1353

Compute P(X = 1):
-2, 21
P(X=1)="2 S = 2672~ 0.2706

So,
P(X >2)=1-(0.1353 +0.2706) = 1 — 0.4059 = 0.5941
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(b) Probability of At Least Two Trucks

We want P(X > 2)
Use complement rule:
P(X>2)=1-[P(X=0)+ P(X =1)]
From earlier, P(X = 0) = 0.1353
Compute P(X = 1):

e—2 . 21
P(X=1)= T 2e72 ~ 0.2706
So,
P(X >2)=1— (0.1353 + 0.2706) = 1 — 0.4059 = 0.5941
Note: We often use P(X > a) =1 — P(X < a) in Poisson problems.
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Example-2: Poisson Distribution Problem

o If the probability that an individual suffers a bad reaction from an injection of a given serum is
0.001,

Bindeshwar Singh Kushwaha PostNetwork Academy Poisson Distribution Numerical Examples



Example-2: Poisson Distribution Problem

o If the probability that an individual suffers a bad reaction from an injection of a given serum is
0.001,

o Find the probability that out of 1500 individuals:
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Example-2: Poisson Distribution Problem

o If the probability that an individual suffers a bad reaction from an injection of a given serum is
0.001,

o Find the probability that out of 1500 individuals:
o (i) exactly 3
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Example-2: Poisson Distribution Problem

o If the probability that an individual suffers a bad reaction from an injection of a given serum is
0.001,

o Find the probability that out of 1500 individuals:

(i) exactly 3

°
o (ii) more than 2
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Example-2: Poisson Distribution Problem

o If the probability that an individual suffers a bad reaction from an injection of a given serum is
0.001,
o Find the probability that out of 1500 individuals:
o (i) exactly 3
o (ii) more than 2
e individuals suffer a bad reaction
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Solution Setup

@ Let X be the Poisson variate representing the number of individuals suffering from a bad
reaction.
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Solution Setup

@ Let X be the Poisson variate representing the number of individuals suffering from a bad
reaction.

e n=1500,p=0.001l=>A=np=15
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Solution Setup

@ Let X be the Poisson variate representing the number of individuals suffering from a bad
reaction.

e n=1500, p=0.00l == A=np=15

o Poisson distribution: Cayx

P(X =x) = , x=0,1,2,...
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(i) Probability that Exactly 3 Suffer

@ Use:
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(i) Probability that Exactly 3 Suffer

@ Use:

e Compute numerator: 1.5% = 3.375, 31 =6
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(i) Probability that Exactly 3 Suffer

o Use: 15 13
e *>-15
P(X =3)= T
e Compute numerator: 1.5% = 3.375, 31 =6
@ So,
-15.3.375
P(X =3) = eT ~ 0.1255
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(ii) Probability that More Than 2 Suffer

e We want: P(X >2)=1-P(X <2)
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(ii) Probability that More Than 2 Suffer

e We want: P(X >2)=1-P(X <2)
o Compute:
P(X<2)=P(X=0)+P(X=1)+P(X=2)
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(ii) Probability that More Than 2 Suffer

e We want: P(X >2)=1-P(X <2)
o Compute:
P(X<2)=P(X=0)+P(X=1)+P(X=2)

@ Use Poisson formula:

15,150

P(X =0) = == LIS K
~15.71.5!

P(X = 1) = eT =15 1P
“15.152 225

P(X=2)="° = me s
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(ii) Probability that More Than 2 Suffer

e We want: P(X >2)=1-P(X <2)
o Compute:
P(X<2)=P(X=0)+P(X=1)+P(X=2)

@ Use Poisson formula:

-15 150
P(X =0) = == LIS K
~15.71.5!
PX=1)=""=2 =15t
“15.152 225
P(X=2)="° = me s

e So,
P(X <2)=e 514 1.5+ 1.125) = e -5(3.625)
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(ii) Probability that More Than 2 Suffer

e We want: P(X >2)=1-P(X <2)
o Compute:

P(X <2)=P(X=0)+P(X =1)+ P(X =2)

Use Poisson formulas:

P(X =2) =

e So,

e*1'50; L5 _ 1
~15.71.5!
S = 15e71
e"15.152 225 g
a2 ¢

P(X <2)=e 514 1.5+ 1.125) = e -5(3.625)

o Approximate:

P(X>2)=1—e1%.3625~1—0.2231-3.625=1—0.8097 = 0.1903
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Example-3: Moments of Poisson Distribution

If the mean of a Poisson distribution is 1.44, find:

o the variance
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Example-3: Moments of Poisson Distribution

If the mean of a Poisson distribution is 1.44, find:
o the variance
@ the central moments of order 3 and 4

Solution:
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Example-3: Moments of Poisson Distribution

If the mean of a Poisson distribution is 1.44, find:
@ the variance
@ the central moments of order 3 and 4

Solution:
@ Mean = A\ = 1.44
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Example-3: Moments of Poisson Distribution

If the mean of a Poisson distribution is 1.44, find:
@ the variance
@ the central moments of order 3 and 4

Solution:
@ Mean = A\ = 1.44

@ Variance of Poisson: \ = 1.44
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Example-3: Moments of Poisson Distribution

If the mean of a Poisson distribution is 1.44, find:
@ the variance
@ the central moments of order 3 and 4
Solution:
@ Mean = A\ = 1.44
@ Variance of Poisson: A = 1.44

o Central moment of order 3: uz = A = 1.44
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Example-3: Moments of Poisson Distribution

If the mean of a Poisson distribution is 1.44, find:
@ the variance
@ the central moments of order 3 and 4
Solution:
@ Mean = \ = 1.44
@ Variance of Poisson: A = 1.44
o Central moment of order 3: uz = A = 1.44

@ Central moment of order 4:

pa =3\ + X =3(1.44)> + 1.44 = 7.66
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Example-4: Solve forA from Probability Condition

Given: P(X =1) =2P(X =2)
Find: The mean and variance of the distribution.
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Example-4: Solve forA from Probability Condition

Given: P(X =1) =2P(X =2)
Find: The mean and variance of the distribution.
Solution:

@ Let A be the mean
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Example-4: Solve forA from Probability Condition

Given: P(X =1) =2P(X =2)
Find: The mean and variance of the distribution.
Solution:
@ Let A be the mean
e AN

x!

e Poisson PMF: P(X = x) =
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Example-4: Solve forA from Probability Condition

Given: P(X =1) =2P(X =2)
Find: The mean and variance of the distribution.
Solution:
@ Let A be the mean
e AN

x!

e Poisson PMF: P(X = x) =
o Given:
e—)\/\l _ e—A/\2
T
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Example-4: Solve forA from Probability Condition

Given: P(X =1) =2P(X =2)
Find: The mean and variance of the distribution.
Solution:

@ Let A be the mean

. e AN
e Poisson PMF: P(X = x) = l
x!
o Given:
e—)\/\l e—A/\2
=2.
1! 2!
e Cancel e~*, multiply both sides:
AN ,
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Example-4: Final Result

e From A(A —1) =0, solutions: A\=0or A =1
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Example-4: Final Result

e From A(A —1) =0, solutions: A\=0or A =1

@ But A = 0 is not acceptable since it implies no distribution exists.
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Example-4: Final Result

e From A(A —1) =0, solutions: A\=0or A =1
@ But A = 0 is not acceptable since it implies no distribution exists.

@ Hence, A =1
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Example-4: Final Result

e From A(A —1) =0, solutions: A\=0or A =1

@ But A = 0 is not acceptable since it implies no distribution exists.
@ Hence, A =1

e So,

Mean =1, Variance =1
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Example-5: Sum of Two Poisson Variables

Problem:

o If X ~ Poisson(1) and Y ~ Poisson(2) are independent,
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Example-5: Sum of Two Poisson Variables

Problem:
o If X ~ Poisson(1) and Y ~ Poisson(2) are independent,
e Find P(X + Y < 2).

Solution:
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Example-5: Sum of Two Poisson Variables

Problem:
o If X ~ Poisson(1) and Y ~ Poisson(2) are independent,
e Find P(X + Y < 2).

Solution:
@ The sum X + Y ~ Poisson(A =1+ 2 = 3)
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Example-5: Sum of Two Poisson Variables

Problem:
o If X ~ Poisson(1) and Y ~ Poisson(2) are independent,
e Find P(X + Y < 2).
Solution:
@ The sum X + Y ~ Poisson(A =1+ 2 = 3)
o Let W=X+Y, then:
e 3.3%

P(W=w)= W w=0,1,2,...
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Example-5: Final Calculation

Required Probability: P(X + Y <2)=P(W < 2)

e So,
P(W < 2) = P(W = 0) + P(W =1)
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Example-5: Final Calculation

Required Probability: P(X + Y <2)=P(W < 2)

e So,
P(W<2)=P(W=0)4+P(W=1)
e Compute each:
e 3.30
P(W =0) = =e?
0!
-3 .21
P(W=1)="2 1|3 =3e?

Poisson Distribution Numerical Examples
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Example-5: Final Calculation

Required Probability: P(X + Y <2)=P(W < 2)

e So,
P(W<2)=P(W=0)4+P(W=1)
e Compute each:
e 3.30
P(W =0) = =e?
0!
-3 .21
P(W=1)="2 1|3 =3e?

e Using e~3 ~ 0.0498, we get:
P(W < 2) =0.0498 + 3-0.0498 = 0.0498(1 + 3) = 0.0498 - 4 = 0.1992

Poisson Distribution Numerical Examples
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Example-6

@ The probability that an individual coal miner is killed in a mine accident during a year is
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Example-6

@ The probability that an individual coal miner is killed in a mine accident during a year is

o In a particular mine, there are 350 miners.
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Example-6

@ The probability that an individual coal miner is killed in a mine accident during a year is

o In a particular mine, there are 350 miners.

o What is the probability that at least one fatal accident will occur in a year?
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Solution: Poisson Approximation

@ Let X be the number of deaths in a year.
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Solution: Poisson Approximation

@ Let X be the number of deaths in a year.
@ Since n is large and p is small, we use the Poisson approximation:

1
= . = - —_— = .2
A=n-p=2350 1400 0.25
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Solution: Poisson Approximation

@ Let X be the number of deaths in a year.
@ Since n is large and p is small, we use the Poisson approximation:

1
= . = - —_— = .2
A=n-p=2350 1400 0.25

o We want to find:
P(X>1)=1-P(X=0)
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Solution: Poisson Approximation

@ Let X be the number of deaths in a year.
@ Since n is large and p is small, we use the Poisson approximation:

1
= . = - —_— = .2
A=n-p=2350 1400 0.25

o We want to find:
P(X>1)=1-P(X=0)

o For Poisson: N
e A — o025
0!

P(X =0) =
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Solution: Poisson Approximation

@ Let X be the number of deaths in a year.
@ Since n is large and p is small, we use the Poisson approximation:

1
= . = - —_— = .2
A=n-p=2350 1400 0.25

o We want to find:
P(X>1)=1-P(X=0)

o For Poisson: N
e A — o025
0!

P(X =0) =

@ Hence,
P(X>1)=1-e%%~1-0.7788 = 0.2212
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Solution: Poisson Approximation

@ Let X be the number of deaths in a year.
@ Since n is large and p is small, we use the Poisson approximation:

1
= . = - —_— = .2
A=n-p=2350 1400 0.25

o We want to find:
P(X>1)=1-P(X=0)

o For Poisson: N
e A — o025
0!

P(X =0) =

@ Hence,
P(X>1)=1-e%%~1-0.7788 = 0.2212

o Final Answer: There is a 22.12% chance of at least one fatal accident in a year.
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Example-7:Poisson Distribution Validity Check

Q: The mean and standard deviation of a Poisson distribution are 6 and 2 respectively. Test the
validity of this statement.
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Solution

@ In a Poisson distribution, mean = variance = \.
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Solution

@ In a Poisson distribution, mean = variance = \.

e Given: mean = 6, so A = 6.
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Solution

@ In a Poisson distribution, mean = variance = \.
e Given: mean = 6, so A = 6.

e Also given: standard deviation = 2 = variance = 22 = 4.
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Solution

In a Poisson distribution, mean = variance = .
Given: mean = 6, so A = 6.

Also given: standard deviation = 2 = variance = 22 = 4.

But then A = 4 from the variance.
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Solution

In a Poisson distribution, mean = variance = .
Given: mean = 6, so A = 6.
Also given: standard deviation = 2 = variance = 22 = 4.

But then A = 4 from the variance.

= Two different values of A\, which is not possible.
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Solution

In a Poisson distribution, mean = variance = .

Given: mean = 6, so A = 6.

Also given: standard deviation = 2 = variance = 22 = 4.
But then A = 4 from the variance.

= Two different values of A\, which is not possible.

Conclusion: The statement is invalid.
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Example-8

e For a Poisson distribution, it is given that P(X = 1) = P(X = 2).
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Example-8

e For a Poisson distribution, it is given that P(X = 1) = P(X = 2).

o Find the mean of the distribution.
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Example-8

e For a Poisson distribution, it is given that P(X = 1) = P(X = 2).
e Find the mean of the distribution.
e Hence, find P(X = 0) and P(X = 4).

Bindeshwar Singh Kushwaha PostNetwork Academy Poisson Distribution Numerical Examples



Poisson Distribution

@ Let A be the mean of the distribution.

Bindeshwar Singh Kushwaha PostNetwork Academy Poisson Distribution Numerical Examples



Poisson Distribution

@ Let A\ be the mean of the distribution.
@ The Poisson probability mass function is:
e ANX

P(X =x)= T x=0,1,2,...
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Poisson Distribution

@ Let A\ be the mean of the distribution.
@ The Poisson probability mass function is:
e ANX

P(X =x)= T x=0,1,2,...

o Given: P(X=1)=P(X =2)
e M\ e M\
-2
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Poisson Distribution

@ Let A\ be the mean of the distribution.
@ The Poisson probability mass function is:
e ANX

P(X =x)= T x=0,1,2,...

o Given: P(X=1)=P(X =2)
e M\ e\

1! 2!
e Canceling common terms:
)\2
A== M —2X=0
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Poisson Distribution

@ Let A\ be the mean of the distribution.
@ The Poisson probability mass function is:
e ANX

P(X =x)= T x=0,1,2,...

o Given: P(X=1)=P(X =2)
e M\ e\

1! 2!
e Canceling common terms:
)\2
A== M —2X=0

@ Solving: A(A—=2)=0=X=0or2
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Poisson Distribution

@ Let A\ be the mean of the distribution.
@ The Poisson probability mass function is:
e ANX

P(X =x)= T x=0,1,2,...

o Given: P(X=1)=P(X =2)
e M\ e\

1! 2!
e Canceling common terms:
)\2
A== M —2X=0

@ Solving: A(A—=2)=0=X=0or2
@ Reject A=10,s0 A =2
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Finding Probabilities

@ Mean A\ =2
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Finding Probabilities

@ Mean A\ =2

o P(X=0)= 22 = e 2~0.1353
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Finding Probabilities

@ Mean A =2
o P(X=0)= 22 = e 2~0.1353
o P(X =4)= e*:!a“ _ e*;lﬁ
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Finding Probabilities

@ Mean A =2
o P(X=0)= 22 = e 2~0.1353
o P(X =4)= e*:!a“ _ e*;lﬁ

= ; -0.1353 = 0.0902
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Reach PostNetwork Academy

www.postnetwork.co
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Reach PostNetwork Academy

www.postnetwork.co

YouTube Channel
www.youtube.com/@postnetworkacademy
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Reach PostNetwork Academy

www.postnetwork.co

YouTube Channel

www.youtube.com/@postnetworkacademy

_
—

Facebook Page

www.facebook.com/postnetworkacademy
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Reach PostNetwork Academy
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www.facebook.com/postnetworkacademy
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www.linkedin.com/company /postnetworkacademy
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Reach PostNetwork Academy

www.postnetwork.co

YouTube Channel

www.youtube.com/@postnetworkacademy

Facebook Page

www.facebook.com/postnetworkacademy

LinkedIn Page

www.linkedin.com/company /postnetworkacademy

GitHub Repositories

www.github.com/postnetworkacademy
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Thank You!
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