1(z)

Fig 58

The values of ¢ (z) for negative values can bc obtaincd
from the relation

P(Z < -a) = P(Z > a)
= 1- P(Z<a)

¢ (-a) ; 1- ¢ ().

For cxample,

1. PQ<Z<31)=¢@3.1)- ¢Q2)
=0.999 - 0.9772 = 0.0218

2. P(Z<-0.56) =1-¢ (0.56)
=1-0.7123 = 0.2877

If X ~ N(u,o® ), the distribution function of X can be
expressed as

F(a) = P(X<a)
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For example, if X ~ N(4,25), then

1. P(X<6)=p( X-4 _ 6-4 )
T 5

2
z.P (Z < T) = ¢ (0.4) = 0.6554

2. P(3<X<5)=p( Dicsd g M T4 )
5 5 5

P02<Z<02)=4 (02)- ¢ (02)

¢ (0.2) - [1- ¢ (0.2)]

0.5793 - 1+ 0.5793 = 0.1586

Example 5.7.1.

Suppose the tcmperature in Iraq during July is
normally distributed with mcan 45 ©C and standard
derviation o= 25 O9C. Find thc probability that the
tcmperature is '

i. between 46.7 °C and 48.1 °C.
ii. higher than 47.5 ©C.

Solution :

Let X denote the temperature during July, then X ~  N(45,
6.25).

T s A8 _ i
i, P(46.7 < X < 48.1)= P(46 X — 45 48] 45)

<
25 25 =25

137




A T W I T e 8 TR e —

P(0.68 <Z < 1.24)
¢ (1.24) - ¢ (0.68) = 0.8849 - 0.7517
=0.1332

- 475 — 45
iLPm>¢M)=P(x e . )

S
25 25

Example 5.7.2.

Suppose the weights of 1000 babies at birth are
normally distributed with mean 8.5 pounds and standard
deviation 0.5 pounds. Find the number of babies with
weights

1. less than 9.7 pounds,
2. between 7.2 pounds and 8.5 pounds.

Solution:
Let X denote. the weight of a baby at birth, then X ~ N (8.5,
0.25). _ '

: X -85 97 — 85

=P(Z<24)=0.9918
Thus N= 1000 (0.9918) = 992.
-~ 72 -85 X -85 85—85
ii. P(72 <X <85)="P o - <k

05 05 05

=P(-2.6<Z<0)=¢(0)-¢ (-2.6)
= ¢ (0)-[1-¢ (2.6)]
=0.5-1+0.9938 = 0.4938

Thus N= 1000 (0.4938) = 494.
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Remark:

Im 1733, De-Moivre obtained the normal distribution as
a Emiting case of the bimomial distribution and applied it to
problems arising in the game of chance. Thea if 2 rv. X
bas 2 bimomial distribution with paramcicrs n and p. thus
snder the following coaditioms:

1. the sumber of trials, n, is very large,

2. secither p nor q is close to zero,
The p. m. f. of X is approximaicly normal with parametcrs
s=mpad o =npg

Example 5.7.3.
A fair coin is tossed 20 times. Determine the probability

that the number of beads are.

i. 14, (ii) between 14 and 16 inclusive, by using (2) the
binomial distribution, (b) the normal approximation to
the binomial distribution .

Solution

2. Let X be the number of heads occurring. In Equation
(5.42) subsistute 8=20; p= q = 1/2, we get

i. P(X=14) = C(m.u)( %_ )“ ( L ) )

2
3 l 20
=38760( ___) _
2
38760
c o e e (0369
1048576

1 \20
ii. P14 s X <16) = C(20.14)( T )’°+ C(20,15)( T) s
- - 1 20 2 .
C(20,16) ( ——2—- )
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38760 + 15504 + 4845 59109
1048576 104876

= 0.0563
|
b. #=np= 20(—5—)= 10 and

|
g =npq = 20 (1/2) (-—2—-)= 5

Since X is a continuous r.v., then
i. P(X=14)=P(13.5<X < 14.5)

. X — 10 5
—r( 135 -10 _ » 145 — 10 )

\/T J 5 Jv 3

( 35 4-5 )

P= <L <

_ 2:235 2-235
-P(157<Z<201)-¢(201) ¢(IS7)
= 0.9778 - 09418 0.036

ii. P(14$ x<16) =P(13.5<x<16.5)

( 13-5 — 10 165 — 10 )
P e BB
2:235 . 2-235

_P(i57<Z<291)" ¢ (291) - ¢ (1.57)
= 0.9982 - 0.9418 = 0.0564

et

(" sa8. I’rw

1. Let X be a r.v. having a p.m.[.

3 . 3 s

P(x)[c 2c¢c 3¢ 2¢c ¢ 4c
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oo

Find the value of c.
Find F(x) and draw .its graph.
Find P(X > 2) , P(0 <X < 3), P(X< -1)

Assummg F(x) to be a distribution function of the r.v. X

~and is given by

0 if x < x

Fx)= | 0.5 xj<x<x)
0.7 xp<x<x3
0.8 X3<X<x4
1 x>x

Find the p.m.f. of X
Find P(X < x9), P(X > x4), P(x, < X < X5)
Arv. X has a pd.f.
f(x) = 3 x2 ,0<x <1
-0 ' otherwise

Find the values of a and b such that
PX<a) = P(x >a)

P(X>b)=

Find F(x)

If arv. X has a pd.f.

2
f(x) = y-2<x<2

16
0 otherwise

Find (i) P(X < 1), (ii) P(| X | > 1), (iii) P2X + 3 > §).
Arv. Y has a pdl‘

f(y)=ky (1-y) ,0<y<l
Find the value of k.
Find F(y) and draw its graph.

1 5 e
FindP(—<Y<__._) A & = D
2 e

‘Let Z be a r.v. having a p.d.f.

14



—2—— 0<z<l
- 1
fe)= g I<z<2
2
3 o 2
2xreld
2

1. Draw the graph of f(z).
2. Find F(z) and draw its graph.
3. Find P(0.5<Z<25);P(Z>2.1.

el

7. Assume the probability that a student entering college

- . 2 . )
will graduate is —— Find the probability that out of 5.
students -3 _
a. 3 of them will graduate,
b. at most onc will gradute.

; ; - : 1
8. A certain disease has a mortality rate :of ' __ Seven
. B 4 -
patients suffering from this discase are sclected at
random, what is the probability that ;
i. at least 3 of them will die,
ii. all of them will die,

iii. at most 2 will recover?

= 1
‘9. The probability that a man misscs the target is — =
6

(1) Find the probability that he hits the target 4 times if he
fires 5 times. (2) Find the probability that he misscs the
target for the first time on his fifth shot. '

(3) Find the probability that he hits the target for the
third time on his tenth shot. '

10. In testing a new antibiotic it was found thél 2 out of 100
patients suffer an allergic rcaction. Find the
probability that out of 150 paticnts chosen at random

1. exactly 3 patients will suffer an allergic rcaction,
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11.

!-_\Ivn-

3.

14,

15.

16.

17,

more than 5 patients will suffer an allergic reaction,
between 2 and 4 (inclusive) paticnts will suffer an
allergic reaction.

Suppose that on average 1.5 houses in every 10000
houses in a certain district have a firc during a year. If
there are 30000 houses in that district, what is the
probability that.

at least one houses will have a fire during the year?
exactly 4 houses will have a fire during the year?

. The probability of getting no misprint in a page of this

book is e 2.3, What is the probability that a page
contains more than 2 misprints?

If the probability that a person will believe a public
rumor is 0.3, what is the probability that the tenth
person to hear the rumor will be the fifth to believe it?

Patients arrive randomly and indcpendently at a
doctor's surgery from 8 A.M., at an average rate of onc
in ten minutes. The waiting~zoom holds 3 persons. What
is the probability that the room will be full when the

" doctor arrives at 9 AM.?

Suppose that the length of a phone call in minutes is

an exponential. random variable with paramcicr
l : :
="|5 . If somcone arrives immecdiately ahcad of you at a

public tclephonc booth, find the probability that you
will have to wait (1) more than 8 minutes; (2) between
5 and 15 minutes.

Let X be uniformly distributed in the intcrval [-2,2].

Find (a) P(X < 1), (b) P[1X-1l > —;H )

If the number of fish a person catches per hour at a
lake is a r.v. having a Poisson distribution with m=1.8,
find the probability that a person fishing thcre for an
hour ; : '
will not catch any fish at all,

Will catchat most 2.
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18.

19.

20.

o

21.

o e

22.

23.

24.

144

In problem 17, assume that the time between twO
successive catches is a r.v. having an exponential
distrbution with 6 =1/1.8. Find the probability that it
will take less than 20 minutes between successive
catches.

Use integration by parts to show that the gamma
function which is given by (5.6.4), satisfies equation
(5.6.5). ;

If family annual income in a certain area (in thousand
of I.D.) is a r.v. having a normal distribution with mean
1.5 and standard deviation (S.D.) of 0.16. Find the
probability that a family randomly selected from this
area will have

an annual income of less than 2000 I.D.

an annual income any where from 1600 I.D to 2800 I.D.
an annual income greater than 1850 I.D.

Assume the April temperature in Mosul is normally
distributed with mean 20 OC and S.D. of 2 ©C, find the
probability that the temperature of a given day in
April is

less than 18 ©C,

more than 22 ©C,

at most 21 °C.

Suppose that the height, in inches, of a 25-year-old
man is a normal random variable with parameters
=71, ¢* =6.25. What is the percentage of 25-year old men
who are over 6 feet 2 inches tall? what percentage of
men are shorter than 75.5 inches? :

Suppose the marks for an examination are normally
distributed with mean 76 and S.D. 15. The top 15% of the
students receive A's and the bottom 10% receive F's.
Find (i) the minimum mark to receive an A and (ii) the
minimum mark to pass (not to receive an F).

A fair die is tossed 360 times. Find the probability that
the face 6 will occur (i) between 50 and 80, (inclusive)
more than 75 times.



