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2. PROBABILITY DISTRIBUTIONS - Properties:

Poisson Approximation to the Binomial Distribution Solution:

Binomial P[X =0] = 100cq 0.050(1-0.05)100 = 0.3660.

-m__.X
€ M _o3670.

Poisson P[X=0] =

In practice the approximation is.good for small n provided X <<n.
Poisson Processes Solution:

Thisis a Poisson process

@ Let X be the number of failuresin 400 hours, then E[X] and P(X = X) are

g[x]=220=5,
200
2X
\ P(X =x)=e 22
(x =x)=e'22
\ P(X=0)=e2=0.1353

(b) Let Y be the number of failuresin 1000 hours.

E[Y]:@:S
200
P(Y = y):e'SE

y!
P(Y? 2) = 1-[P(Y=0)+P(Y=1)] since events are independent

=1-{e® + 5e%)

=0.9596



Distribution of the Time between Eventsin a Poisson Process Solution:
P(A)
P(B)

0.9596

P(Y? 4)
1-[P(Y=0) + R(Y=1) +R(Y=2) + P(Y=3)]

= 1—[e‘5+5e'5+%e'5 +12—5e'5]
=1-0.2650
=0.7350

P(ACB) _ P(Y3 2CY3 4)
P(A P(Y 3 2)

\ P(B|A) =

_ P(Y34) _ 07350
P(Y32) 0959

= 0.7659[notethat Al B]

Calculation of probabilities associated with the standard normal distribution
Solution:

Example 1:

Using type (3) we get:

@ PO0<Z<1l) =P0<Z<¥)-P(1<Z<¥)
=0.5-0.1587
=0.3413

(b) P-2<Z2<2) =2P(0<Z<?2)
=2(P(0<Z<¥)-P2<Z<¥))
=2(0.5-0.02275)
=2x0.47725
=0.9545

(© PO3£ZE£32) =P(0.3<Z<Y¥)-P(B2<Z<¥)
= 0.3821 — 0.00069
=0.38141

d) PYZY¥%:>0.3) =Pz >0.3) + PZ <-0.3)
=2P(Z > 0.3)
=0.7642



Normal Distribution with Mean = m Standard deviation = s

Solution:
Example 2:

We arerequired to find PC5 £ T £ 5) where T is distributed normally withm=0, s =
2.5.

T-1m
S

Transform to the standard normal variable Z =

_0=_2

Thent; =-5 givesz; = -

andtz=5 give322:5'— +2
2.5

WerequireP(-2£Z£+2) =2xXPZ£+2)

o

=0.9544 from Tables

Example 3:
Let the random variable T represent the lifetime of a component. We need to find

P(T 2 105).

Transform to the standard normal variable Z = T-100

Hence P(T3105) =P(z31)
= 0.1587

Let B be the event the part has lasted at least 90 hours, and A be the event the part
lasts for at least 105 hours.

We need to calculate P(AB) _P(ACB)

P(B)
Now P(ACB) =P (pat lastsat least 105 hours) = 0.1587
P(B) =P (partlastsat least 90 hours)

_ Pg:Z 3 90- 1009
e

5 g
=P(z3 -2)
=0.9772
0.1587
\ P (part lasts & least 105 hours/part lasted for 90 hours) = 0.9772

=0.1624



Normal Approximation to the Binomial Distribution Solution:

Example 4:

@ The area of the Binomial histogram corresponding to 50 heads is bounded by Xé’"i Formatted: Bullets and

=49%,and x = 50%. Also m=np =50, s =./npq =5. The corresponding Numbering
values of the standard Normal variable Z are

1
_49%-50 _

50%-50
7 = 5 = =+0.1

-01 and z,= z

\ P (50heads) =P(- 0.1£Z£0.1)

=0.0796

(b) The area of the Binomia histogram corresponding to more than 60 headsis Formatted: Bullets and
bounded below by x = 60%. Numbering

The corresponding vaue of the standard normal variableZ is

1
_605- 50=

z = = 21

\ P (morethan 60 heads) = P(Z3 2.1)

=0.01786



