3.27

3.28

3.29
330

331

332

g

Compute the theoretical probabilities and find its mean and variance,

Fit a binomial distribution of the following and compute the
expected/theoretical frequencies:

- oA L e 2 B ta e, 3

13 7970 137 - 210 145 56 9

f

Define hypergeometric experiment, hypergeometric random  variable g4
hypergeometric probability distribution.

Find the mean and variance of hypergeometric distribution.

Construct the hypergeometric probability distribution for the number of
black balls among 5 balls drawn at random form a box containing 4
white and 7 black balls. Find the mean and variance of this distribution
and compare these with the mean and variance of the hypergeometrc
probability distribution.

In a manufacturing company 35 employee use touch screen mobile set
and 15 have push button sets. Eight employees are selected randomly
without replacement. Find the probability that exactly 5 will be using
touch screen mobile.

Four cards are drawn randomly from a well-shuffled deck of 52 playing
cards. Calculate the probability that two will be diamond cards.

L e N . e
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Special Continuous Probability
Distributions

the students will be able to

After studying this unit,

Sy

R ——

P oy

* Define a continuous uniform prohahilitydislrihution and continuous uniform
probability density distribution.

* Find mean, variance and standard deviation of a continuous uniform
probability distribution.

* Solvereal life problemsusing continuous uniform praobability distribution,

+ Define a Normal probability distribution, Normal probability density
function, Normal cumulative distribution function, standard normal random
variable, standard Normal distribution, standard Normal probability density
function and astandard Normal cumulative distribution function.

* Describethe properties of a Normal probability distribution

* Find the ordinates of the standard normal curve using the table of the
ordinates of the standard normal curve.

¢ Find the probabilities for the standard normal random variable using the table
of the standard Normal distribution function.

* Inverselyuse the standard Normal distribution table to determine the value of
(i) standard normal random variable corresponding to a given value of the
standard Mormal cumulative distribution function, (ii) a normal random
variable corresponding to a given value of a Normal cumulative distribution
function and (iii) parameters of a normal random variable.

* Describe the Normal distribution as alimit of frequency distribution.

* Solvereallife problems using Nermal probability distribution.




Introduction to continuous probability distributions

As you know that it is difficult to locate a specified value on 4 Continy g,
random variable, that is why point probability in continuous case is always equy|
to zero and we compute probabilities for interval of values. In this yp; we
consider only continuous uniform distribution and the Normal distribution,

4,1.1 Continuous uniform or rectangular probability distribution

Like discrete case, continuous uniform distribution is the simpleg,
probability distribution. It is used in the situations where the probability density
function f{x) remains constant over the entire range of the variable. '

412 Defifition of continuous uniform probability density fiiction

The distribution of a continuous random variable X with pdf

1
2L, asx<b
f(x)={b-a e

0 otherwise

is called continuous uniform probabiliy ()
distribution or probability density function

and the variable X is called continuous 1
uniform random variable. This distribution b= ™[
has two parameters, @ and b. This distribution
is also known as rectdngular distribution

because its graph is like a rectangle given as. a b

4.1.3 Properties of continuons uniform probability distribution™

S .-:_nggig}smnﬁnqous uniform probability distribution
By definition

Mean =E|:X)=£xf(x)dr

[rpa

o i [ O e _l.O‘A

T

Statistics - XIl

By definition

Variance = V(X) = E(X?) - [E(X)]? (i)
As E(X) = ﬂ—;b (ii)

-
=Ix’——d’.r
a b-a
] & v ] .t!b l b]—ﬂ'3
= = —|=
b‘—a!x b-a 3. b—a[ 3 ]
1 (b=a)(b* +ab+a®)
“b-a 3
2 2
=b‘ +ﬂ3b+ﬂ (iﬁ]

Put equation (ii) and equation (iii) in equation (i)

|
prre——- . aiﬁﬂfrimﬂfs_ﬂl!g
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b +ab+a’ (a+b)
3 4
4(v* +ab+az]—3[az +b* +2ab)
A 12
_4b* +4ab+4a’ ~3a® -3h" —6ab
- 12

v(X)=

- b*+a’ -2ab
P
(b-a)

12

(iii)  Standard deviation of continuous uniform probability distribution:

V(X) =

By definition

s.Dx) = V(X)=

1f X has a uniform distribution over the interval (2, 4), find (i) P[2 =X< 3}
(i) P(3s X s4)

T P |

Givena =2 and b 4, so the pdf of uniform distribution in this case is given by
2sx<4
f(x)=
.o!henw’se
Now

; 3
(i) P{25X53]=J%dx:-;-.|.d_t

[
L]

Unit -4: Speclal Continuols FIERERIity Listributjg h; o

-' Example 4.2

Solution:

Herea=-1,b=3

MNow

E(X) a+b_--1-!-?:—_2_1

2 2 2
I )| B ER)§
ViX)= :
{ ] 12 12 12 i

¥ ’ﬂurmal dls!nhulmn

i

Statistics = XII

(ii) P(35xs4)

Let X ~U (~1,3) Find mean, variance and standard deviation for this
continuous uniform random variable.

5.D(X)=V1333=1.155

Normal distribution is the most common and useful amongst all known
distribution. It is considered as the cornerstone of the modem statistical theory. -
The reason of importance is due to the facts that:

R W ‘7‘_‘{3

n
‘—l
&
]

K |-
1t Sy
&

It
b | =
fr——
ot
Pi—

3

Many natural phenomena like age, weight, light, 1.Q, grade,
temperature, income etc. tend to be approximately normal.

Most of the discrete distributions such as Binomial, Poisson, etc.tend to
Normal distribution as sample size increases i.e. n— eo,

For a sample of size n 230, the distribution is considered as normal.
Many variables which are not normally distributed can be normalized
through suitable transformations.

|
I o i e ~ L o
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v When Notmal distribution is shown on & Braph paper, It gives 4 b
i hich is generally taken g e

shaped curve called Normal curve w!
standard for comparison.

sreee distrd jon
ion of Normal probability distribut!

¢ X is said to follow 2 Normal distribution if ji

4.2.1 Definit

A random variabl
probability density function is

) o —eeS S, 0S0<0
f{1)=m ei{o]‘_ngg T H

Where
X = Normal random variable.

fix) = The height of the curve corresponding to a given value of X, ~

p = mean of Normal distribution.
o - standard deviation of Normal distribution

22
= a constant approximately equal to e 3.1429

¢ = a constant approximately equal to 2.7183.

This distribution has two parameters, d and g . Normal distribution is simply
written as X ~ N (u,0%).

Properties of Normal distribution

i) . The total probability within its range — @ to + @ is always equal to one

ie
(AL o -
o -
ity ~ The Normal distribution is symmetrical about the mean and is @ bell
shaped.
121 |

,,,,, B =

Statistics - X

iii) Mean = Median = Mode,

iv) The Normal curve is unimodal.

v) The first and third quartiles are equidistant from the centre, or Mean p1.
; 2

vi) QD= EU and M.D = %0’

“vii) Al odd order moments about mean i.e. f, /... are zero.

i
5.
|

viii)  Measures of skewness, f; =0ory; =0
ix) Measures of kurtosis, fa=3 or 3, =0

X) For Normal distribution, out of the total observation, 68.3 % lies within
the limits (u = @), 95.4 % lies within the limits (u =20 ) and 99.7 %
lies within the limits (u = 3 &) .Graphically this statement is shown as

4.2.3° Standard normal variable

Normal random variable X is transformed by subtracting its mean from it
and the difference is divided by its standard deviation and is called standard

Normal variable, usually denoted by Z, that is
X-u

z=2"F

o

Possible values of Z are also form —o to +o.

T e mADLC AL
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424  Definition of standard Normal probability distribution

Table 4,1:

The probability density function of the standard normal random varighj, Z

defined as The entries in this table are

the standard Normal distribution

the probabilities that random variable having

& area in the figure), For ne ative val

f(zF%e T, —oS25e Al
T

akes on a value between 0 and z (the shaded !
ues of Z, areas are found by symmetry. 'I

is called standard Normal probability distribution. '

25 Sl B Nt
Total probability under the density is equal to one i.e. J‘Tbr € *dz=1. 1 js ; s

simply written as Z ~N(0,1). The reason for using standard Normal Probability

. 001 0.0z ; 0,03 0.4 AT ‘
distribution in place of Normal probability distribution is that: oo - 4
(i)  To easily calculate the probabilities of Normal distribution i.e. 01 | 00N 0048 00478 00517 08857 0036 00636 0061 meTre 00784
P[x <X<x]=P[z,<Z<z) ! and probabilities of Z can directly be 03 | 0OT3 00832 0TI 00510 008 0097 026 wied 8116 sain
taken from table 4.1, 03 | 0179 01217 01255 01293 0131 04368 01406 LIH3  alds0  0.S17
(i)  Zis independent of the unit of measurement. 04 [DISHOISL 0161 06 DI LTI 012 wise a1 e
4.2.5  Area(probability) under the standard normal curye: _'; ] bl Wl B T el M < B
— 06 02258 02291 02324 02357 02389 024 o2ess  ezees 02518 a2 1
To compute probabilities of intervals in case of continuous random BT |03 02612 026 026m 02 0ame eiet are wam emm
variables, it is a blessing that statisticians have designed tables in which areas 08 [ 0381 02910 0299 02967 029 030 S WM e om0
(prc-:babilil.ies) have been compiled. In case of Normal distribution such a table is 05 | 03159 03186 0322 03238 03264 l;.sm L3NS 02MO  03sS 02389 *
available for standard Normal probability distribution, . B |
MO 03413 03408 03461 03485 038 03 aMS4  e3s7 eame esen i
[ 11 | 03643 03665 03686 03708 0379 OIMY  OITR  EITH0  OIBI0 03830 i
12| 03849 03869 O3BSE 03907 03928 00N 0962 03990 03997 o0l |
13 | 04032 0409 04066 04082 0409 04N O4IL  04MT  0AI62  04ITT ‘
? 04192 04207 04212 041 04351 04265 QAT 04292 04006 49 i
LS | 04332 04MS 04357 04070 04382 QMM 006 04418 04430 04441

& (124)



Sntlﬂlcs-x_l;w - _- " E};ﬁl#: S;plﬂ-ll Continuous Frol;lbfllqi Dmem‘—Iu;l_ 4 ’_
16 | 04452 04463 04474 04484 04498 04505  0ASIS 0SS 04835 0.454s
LT | 0ASS4 04564 04573 04582 04591 04599 04608 OAGI6 04625 46y
LB | CAGHL 04649 04656 04664 04671 0AGTB  O0AGSS 04693 04699  gq7p
19 04719 04719 04726 04732 04TIE 04744 04750 04756 04761 0.4767
10 | 04772 04778 047E3 04788 04793 0A4TIE 04803 04808 04812 guppy
LI | 0ABZI 04816 04830 04834 04838 04842 04846 04850 04854  (gsy
32 | 0ABS1  OABG4 04868 O4BTI 0ASTS  OABTS 04881 04884 04887  p.4gg
13 04893 0489 04898 04901 04904 04906 04909 04911 04913 04916
24 | 0AIB 04920 04922 0AUS 0ASIT 0499 04931 04932 04934 403
25 | 04938 04M0 04941 0AMD 045 04946 DAME 04949 04951 0405
26 | 04953 DA9SS 04956 04957 04959 04960 04961 04962  0.4963 0496y
LT | 0.4965 04966 04967 04968 04969 04970 04971 0.4972 04973 0.4974
28 | 04974 049TS 04976 04T 04977 04978 04979  0.4979 0.4980  0,7981
39 | 041 04K 0482 DASH3 0494 04984 04985 04985 04986  0.4986
0 | 047 09T 04987 098 048 04989 04989 04989 04990 04990
I ) 0490 0491 04591 04991 04992 04992 04992 04992 04993 04993
33 (0493 04993 049 0499 04994 04994 04994 04995 04995  0.4995
I3 | 04995 04995 04995 04906 04996 04996 04996  (.4096 0.4996  0.4997
bl s Y R —— 04997 0.4998
IS | 04 0ANE 0B 048 04998  0asws 04908 04998 04998 04998
il el B R T 04999 04999 04999 04999
; Dfm i RN 04999 04999  0.4999
MI8 B g 052 AT i, L

W WG e
0
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The table of areas of the standard Normal distribution gives probabilities
for standard Normal variable Z between 0 (its mean) and a specified value, say z.
Therefore, Z-value must always be rounded Up to two decimal points as required
for reading the table. Locate the first two values in the stub and third value in the
box lead. Because of the symmetry property of the Normal distribution the
probability (area) between 0 and a positive Z-value must be exactly the same as
the probability between a negative Z-value and 0 as long as the Z-value on both
sides is of the same magnitude, that is

Pl0<Z<12]=P[-1.2<Z<0]

If Zhasa standard Normal distribution, find:

A P[—eo <Z <o) g P[Z=>1.64]

b. P[0<Z <) h. P[-1.96<Z <-1.06]

¢. P[-ee<Z <0] i. P[Z<-1.64]

d. P[0<Z<2.63] j- P[-1.7<Z<1.35)

e P[-145<Z<0] k. P[Z<-2.46]

f. P[1<Z<15) L. P[Z<2.11]

 This example is a practice on how to take the required probability from the
areas table. It is quite simple and interesting. First draw standard Normal curve

for each case, shade the area in which you are interested and then take the
probability directly from table 4.1. !

- |
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P[—oe{Z-:aa]:]

P[0<Z<e]=05
P[-e<Z<0]=0.5
P[n<z<2.53]l=0.4957
P[-145<Z <o]=o.42§5

P[1<Z<1.5]
=P[0<Z <1.5]- Plo<z<)
=0.4332 - 03413 = 0,0919

P[Z21.64]

=P[ﬂ<z<¢=} -P[D<Z<I.64]

=0.5-0.4498=0,0502

Unit -4: Special Lontinuous Frobability D&mb;tla,u-v-
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h.

P[-1.96<Z <-1.06]

=P[-196<Z <0]- P[-106<z<0]
=0.4750-0.3554 =0.1196

P[Z<-1.64]
=P[0<Z <e]-P[-1.64<Z<0]
=0.5-0.4498 = 0.0502

P[-1.70<Z<1.25]
= P[-1.70<Z <0]+ P[0<Z <1.25)
=0.4554 + 0.3944 = (.8498

P[Z>-2.46)
=P[-2.46<Z <0]+P[0< Z < 0]
=04931+05 =0.9931

P[z<211] .
=P[-=<Z<0]+ P[0<Z<2.11]
=0.5+0.4826 = 0.9826

Hope you will be able to determine the interval probability for the
standard normal variable Z from the area table. Now we try to reverse the process
and determine a value or values of Z corresponding to a given area (probability)
from the same areas table. This is called inverse use of the area table.

T

Inyerse use of table of areas under standard normal curve

- g R QS e S, AW l‘i_
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IfP[Z 22]=0.025, find the value of z. [ - ?; __ £ |
!.1-*'-; /

i) Sketch the given statement
- graphically as

L

N

i) From the figure we see that the unknown value z is a Positive vy,
because it lies to the right of 0 (the mean) and probability above j;
is equal to 0.025.

iii)  As we know that probability from 0 to o is equal to 0.5, g, the
probability for 0 to z will definitely be equal to 0.5 - g5 -
0.4750, i.e. P[0< Z < z]=0.4750

i) Now search the figure 0.4750 in the body of the area table to
determine the corresponding value of Z. From table 4.1, we
observe that the figure 0.4750 corresponds to 1.96. Hence z = 1 94

and the area above this value is equal to 0.025. '

* Note that if the value we are searching for is not available in the table
then we may pick the nearest value to find Z-values. I

Determine z when P[Z2z]=0.10

The probability P[Z 22]=0.10 js graphically shown as: .

ASPIZ22]=010=5P[0<zy
= 032010 = 040. In the area tabie 4,1 v TIEEED A
observe that exactly 040 i not available we Zsl] 3

consider the closest area (,3997 i
; . wh

:;;mpondstan-value 1.28. Hence ; = I];; e

and area above it is equa| ©00.10 or 109, S e

M e T o L o S O RS '-'lttrlb.,“'n i
-

W s g
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Let Z~N(0,1). If P[Z 22]=0.5, what will be the valye of 27

. S - e ——
 Solaton:
ch e i |

Draw the sketch:

Since P [Z = z] = 0.05, therefore, P[0 < Z< 2] =05 0.05 0.45. In the area
table we can see that 0.45 is lying between 0.4495 and 0.4505 whose
corresponding Z-values are 1.64 and 1.65 respectively. The Z-value in this case is

given as :=%‘-§E=1.645.

Hence P|Z 21.645]=0.05

4.2:88 A pplication of area table to any Normal distribution

After learning the use of areas table and its inverse use, now you would be
able to compute probabilities for any Normal random variable X by first

. X -
converting X to Z by the formula Z =2 "# 1nd then use the table of areas for
a

the standard Normal distribution to obtain the desired probabilities.

If a Normal distribution has mean 40 and standard deviation 5. find the
probabilities for the values of X specified as 1) P(X24) | i) P(XS25),

iii) P(32 < X <50).

In order to find the probabilities, we first standardize X by subtracting its
mean 40 and dividing the difference by standard deviation 5 to get Z and then find

probabilities through area table as tollow:

130
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(i) P[x=44] {
< P(32<Xx <
=p|X=t . M-p s 43 : ;- )
L T o [ ‘” F 20 ,u]
A a
=P za-—_““‘m] = [ 50_40]
[ 8 2
=p zz%] =P[_qz< ]
- =P[-16<Z <2]
=P[z208] =P[-1.6<Z<0]+P(0<Z<2)

=0.4452 + 0.4772=0.9224

Example 4.8

Suppose the ages at time of onset of a certain disease are approximately
normally distributed with a mean of 11 years and standard deviation of 3
years. A child has just come down with disease. What is the probability that

=P[0<Z <w]-P[0<Z <0.80]
=05 - 0.2881 = 0.2119

(i) P(x<2s)

the child is i) between the ages of 8 and 14 years? ii) over 10 years of age?
=P[X—ﬂ<25_ﬂ} iii)nudcrllytius?
. 8  Solution:
=P[ZS£_— leen u= ll years, 0 =3 years
: i) P[8<X<14]

_P[.?,‘sZE] =P[B—,u( X—y(ltl—p]

: o o o
=P[z<-3] [%«:z %]
=[~<z =:0]-P[73< z<0]

=P[m—3 -:Z<E:|
3 3

' =P[-1<Z<]]
= P[-1< Z<0]+P[0<Z <]
=0.3413 + 03413 = 0.6826

=05-04987 = 0.0013
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i) P[X >10]
P[x - U }10-;;]

g o
P[ N 10—11]
3

=P[Z > _?l]
=P[Z>-033]

=P[-0.33<Z<0]+P[0 <Z< =]
=0.1293 + 0.5 = 0.6293

)P [X<12]
=P[X—,u ¥ 12-;;]

o o
12-11
=P|Z<——
I- 3 ]

=P[z<033]
=P[-e<Z<0]+P[0<2<033] |
=05 + 0.1293 E
=0.6293
The sucrose concentration jn a population
mean = 65 mg and $.D = 25 mg,

i, What i:mPuniun of the population
85 mg? 3

ii.  What proportion of the populaticn :
- mg? © Population is less than gyeroge concentration of 45

is normally distributed-with a

is greater than sucrose concentration of

now
1.

What i i
Proportion of the population gpe lies between 45 ang g5 mg?

e

Given y = 65 mg
=25 mg
i) P[X >85]

e P[ﬂ ) 85_—&}
o a

. 85-65
=P|Z>——
P[_" 2 ]
20
=p|zsZ
[ 25]

=P[Z > 0.80]
=P[0< Z <] -P[0< Z <0.80]

=0.5 - 0.2881 = 0.2119 = 21.19%

i) P[X <45

=P[X—,u » 45—,::']
o o

=P[- < Z <0]-P[-0.80< Z < 0]

= 0.5-02881 = 02119 = 21.19%
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iii) P[45 < X <85]
. g #5=
=F[4s g X-p 8 .H]
o o o
’ - 85-65
X 30] We see that area below z is equal to 0.20. Search this value 0.20 in the
=P[-080<Z <0. area table 4.1, it corresponds Z = — 0.52 (minus sign is used because Z
= 2}?[0'{ Z< U.S'D] value lies to the left of 0).
=2(0.2881) = 0.5762 = 57.62% T
(0:2s81) AsZ=""E > X=p+70=95+(052)14=95-0728 =838
a i
:.[:|'-.:I__|'|.'!_i__'_i._ 4,10 : X=88
Suppose the yearling trout in a lake have lengths that are approximately Hence P[X >38.8]=0.80=80%. It means that 80 percent of the trout

normally distributed, about a mean j = 9.5" with a standard deviation o=14"
(a) What percent of the trout caught have length over 12”2 (b) If 80 percent of the
trout caught have length greater than x, find x.

(@  Weneed to find

streets of Peshawar. Average life of these lamps is 1850 hours with a standard
deviation of 200 hours. How many lamps may be expected to burn for more than

2000 hours?
P[X > 12] % '
i p[ﬂ = %J We first find probability and then multiply by the total number of lamps to
¥ 14 compute the required expected frequency as
=P{Z>f‘—:]=}’[z> 1.79] “P[X > 2000] :
- SR [ X —p _ 2000-u
=P[0<Z <] -P[0< Z <1.79] e piss-ieion e ]
=05 - 04633 = 0.0367= 3.67% 4% : | : [, 2000-1850
g = P z > —]
(b) We need X-value above which 80% observation will lie. : - =
+ Mathematically this statement can be written as P[X > x]=080 . =P\ Z> %]
which in standard units js equalto P [Z > z] = 0.80, shown in the = sz > 0.75]

foi]owing ﬁguﬁg.
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=P[0<Z <] -P[0<Z <075

. Two students A and B were informed that they received standard scores of -
-1 and 1.6 respectively on a multiple choice examination in Mathematics. If their

Thus, the number of lamps that is expécwd to burn for more than 2000 hours ig . marks are 68 and 94 respectively, find the mean and standard deviation of the
' examination marks, j

=0.5 - 02734 = 0.2266

N fix) = 10,000 (0.2266) = 2266.

We know that, z.:_x;l” =>X=pu+Zo i

In a statistics examination, the mean score of students was 78 marks anq <
the standard deviation was 10 marks. : Putting values for studentA ~ 68=p +(-1) o

a) Determine the standard scores of students receiving marks: 68=p-o - (i)

i W dd B dily. 92

! : student B Y= +160 (ii)
b) Find the marks corresponding to the standard scores: Subtracting equation (i) from equation (ii)
) -1 i) 16 ' 26=260
; 2.6

= e =78
(a) X-values are given and we need to find Z-values: 68 = =10 = M

Therefore the mean and standard deviation are #=78 and o=10.

|
|
i
Givenp =78 , o=10 : Putting value of & in eq (1) we get [
|
i
|
1
|
|

X-pu 70-78 -8
1 et =""_ = [ g :
) o 10 10 4:2.9° Ordinates of the standard Normal distribution
ii) Z=x_"_4"'f =_83_‘E il 0 Ordinates mean heights of the standard normal curve corresponding to a
. ) a 105" 18 S specified Z-value. It is denoted by f (z) and is obtained by using the function |
X- -8 14 2z .'
Hl)  Z=—t o0 % 1 =5 ; : i
AN 143 fltlepor 5 exZse |
®)  Z-values are given and x- ' ’
X-values are required, we know that Fisher and Yates have computed ordinates for different positive values of z and
z =_X_;£'= X=ps:0 presented them in tabular form as shown in table 4.2. It is important to note that

() . the ordinates at negative values of Z equal to the ordinates at positive values of Z |
v X =78+ (—l:l]ﬂ =T78-10= 68 . P HEE due to unique property of symmetry of the Normal distribution. !
(i) x =T3+{l,6:|10 =T3+]6=:94

137 = I —— S L et et al e MY Ul
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TABLE4.2:  Ordinates y or f(z) of the standard Normal curve at ;
Z | 600 | oo | eo2 | oo | o4 | oes | oos | o7 m
- __-_-'-—-.
0 03989 | 03989 | 03989 | 03988 | 03986 | 03984 | 03982 | 03980 | 0397y 03973
fc )
O1 | 03970 | 03065 | 03961 | 03956 | 03951 | 03945 | 03039 | 03932 | 039 | g 3918
02 | 03910 | 03902 | 03894 | 03885 | 03876 | 03867 | 03887 | 03847 | 03836 03825
. ]
03 | 03814 | 03802 | 03790 | 03778 | 03765 | 03752 | 03739 | 03725 | 0asiz 03697
== ]
04 | 03683 | 03668 | 03653 | 03637 | 03621 | 03605 | 03589 | 03872 | 0.3sss 03538
03520 | 03503 | 03485 | 034674 | 03448 | 03429 | 03410 | 03301 | 033742 | 0335
06 | 03332 | 0332 | 03292 | e3rm | 03251 | 0320-| 03209 | 03187 | 0316s 03144
07 | 03123 | 03101 | 03079 | 03056 | 03034 | 03011 | 02989 | 02966 | 02943 | 0201
08 | 02897 | 02874 | 02850 | 02827 | 02803 | 027980 | 02756 | 02732 | 02709 0.2685
0.5 | 02661 | 02637 | 02613 | 0258 | 02565 | 02541 | 02516 | 02492 | 02468 02444
10| 02420 | 02396 | 0231 | 02347 | 02323 | 02209 | 02275 | 02281 | 02227 0.22203
LU | 03179 | 02155 | o231 | 02107 | 02083 | 02059 | 02036 | 02012 01989 - 0.1965
12 | oasaz | o159 | oaess | 01872 | eames | oams | oumos | oavsr | oarss | oarss
13 | 04714 | 00691 | 00669 | 00647 | 01626 | o160 01582 | 01561 | 0.1539 | 0.1518
14 0.1497 | 0.1476 | 01456 | 0.1435 01415 | i3y 01374 | 0.1354 | 00334 0.1315
15 | 00295 | 01276 | 04257 | na23s L1219 | 0aze0 | 0182 01163 | o0a14s | o127
—
16 | 00109 | 01092 | 01074 | 00057 | 010401 01023 | 01006 | 0.0989 | 00373 | 00957
17 | 0e9e0 | 00925 | 0509
i 4005 | oo | 0es3 | oanes | 0mess | eoers | emot
VB | 00190 | 0075 | 0ot6t | oenas | gg73 | ol

00529 | 00519 | 00508 | 00485 | 00433 | nowrs | voses | sees A
21 | 0040 | 00431 | 022 | o043 | o408 | 003 00387 | 00319 | ooomr | osse
22 [ 00355 | 00347 | 00339 | 00332 | 00325 | 00317 | 00310 | 00303 | onzs7 | om0
23 | 00383 | 00277 | 00270 | 00264 | 00258 | 00282 | 00246 | nozar | opms | ooz
24 | 00224 | 00219 | 00213 | 00208 | 00203 | 0019 | 00194 | 00189 | oo | 00180
25 | 00175 | 00171 | 00167 | 00163 | 00158 | 00184 | 00151 | 00147 | 00163 | oo
26 | 0036 | 0032 | 00129 | 00126 | ooiz2 | ooms | oouts | oons | osne | oo
|27 | om10s | 0owon | 00099 | 0009 | 0053 | 0aesr | omom 00085 | 00084 | 0008
| 25 | 00079 | 00077 | 00075 | 00073 | 00071 | 00065 | noos7 | 0moss | oess | omoste
29 | 00060 aniss | oase | aoues | s 00051 | 0.0050 | 00048 | 00047 | 0004
30 | 00044 | 00043 | 00042 | 00040 | 0.0039 | 0.0038 | 0.0037 | 0.0036 | 005 | 00034
31 | 00033 | 00032 | 00031 | 0.0030 | 0.0029 | 00028 | 00027 | o006 | 00025 | 0.0028
32 | 00024 | 00023 | 00022 | 00022 | 00021 | 00020 | 00020 | 00019 | 00018 | 0.0018
33 | oom7 | oooi7 | 00016 | ooots | 00015 | 00015 | 00014 | 00014 | 00013 | 0001 _
34 | o001z | oworz | ooorz | ceont | osont | osown | oooto | ooow | 0o | 00009 i
35 | 00009 | 00008 | 00008 | 00008 | 00008 | coowr | 00007 | 00007 | 00007 | 0.0006 .
36 | 00006 | 00006 | 00006 | 00006 | 00005 | 0.0005 | 0.0005 | 00005 | Do00S | 0.0004 .
a7 : 00004 | 00004 | 00004 | 00004 | 00004 | 00004 | 00003 | 0003 | 00003 | 0.0003 ;
35 | 00003 | 00003 | 00003 | 0.0003 | 00003 | 0.0002 | 0.0002 | 00002 | 0.0002 | 0.0002
39 | ooooz | oovoz | on00z | 0000z | 00002 | 0.0002 | o000z | 00002 | D000 | 00001

Ordinates of the standard normal curve given in table 4.2, as usual require

Zovalue Z=2—* rounded up to two decimal points.
o
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Find the ordinates of the standard normal curve at ) Z=0.25 i) Z =313 [ Elmﬂlﬂ“- "-15

iii) Z = ~1.64 ik o

- Fit a Normal distribution to the following table which shows the
BT e weight measurements of 60 male workers of a factory.

) Look at table 4.1 and search 0.2 in the z-column, g0 in the body of Weights (kg) | 50-54 | 55-59 | 60-64 | 65-69 | 70-74 | 7579 M MI\
the table across this value up to the column headed by 0.05. The : S S e
; S R Number of | e
desired ordinate is 0.3867. R 2 4 6 o B s [ ) 8

ii) Similarly ordinate at Z = 3.18 is equal to 0.0025 _ : I )

i . Ordinate at Z = -1.64 = ordinate at Z = 1.64 = 0.1040 S s R

iii) rdinate a (By ~ Solu R |

symmetry property). et ;
4210 Fitting of Normal distribution to observed fmqueimy_" it Weights | 7| | fx 7 zu% £ | e =" (=TT
: > !

The fitting of Normal distribution to observe data means to compute sos4 | 2 | s2| 104 | sa08 | 235 |o00252 37_3-_,(0.0151)':'1 %u
theoretical/expected frequencies corresponding to the observed frequencies. This _ £
can be done by three methods, the cumulative standard normal probabilities ss59 | 4 | 57| 228 | 12996 | -1.72 | 0.0909 34 ".“
method, the area method and the ordinate method. Here we consider only the _ :
ordinate method because it is simple to understand and comparatively less 6064 | 6 | 62| 372 23064 | -1.10 | 0.2179 82
laborious. - s ¢

T T T T S e T S s T2 gt SR - 65-69 12 67| 804 53868 -0.48 03555 %

| g of Norma distribution by ordinate method

: = g e g - . 5 0.3945 15 i
% This method involves the following steps: : e i Ty Ll
% . () Compute ¥ and S from the observed frequency distribution t0 7579 | 12| 77| 924 | 71148 | L g e
] estimate the unknown parameters pand . - o .4
% 5 x-X 80-84 | 6 | 82| 492 | 40344 1.39 0.1518 :
—% (n_) Calculate Z = = from the mid-points (x). gl
7 - ‘ ' 138 | 201 {00529 2 |
% (@) Find ordinates corresponding to Z from ordinate table 4.2. : gt | s )b '
i i : . nel - : 5 e z il
| (iv)  Multiply the ordinates by(?] , 10 get the expected frequencics, i Total | 60| - | 4250| 304910 PR
o where n i p :
?% e n is total frequency and c is the size of class interval.
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Here n=Zf=60
c=5
X= E—E:@: 70.833 kg
f 60

: 7 910 (4250
5w (£ (25] - [ (40 - =g

il NI 60 60
=J64472 =8.029
- x-T70.833
As pand . therefore, Z= - =%
it and o are unknown ore 3 2,029
Put values of x (mid-points) one by one to get z-values as shown above in the
able. Ordinates f (2) is obtained from table 4.2. The factor ~— = ﬁsﬁﬁ':;; =37.37
s ;
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A density function defined as f (x)={b-a ~ Gl S pdf of

0 + otherwise
continuous uniform probability distribution.
Uniform distribution has two parameters, a and b.
The range of Normal distribution is from — o to + .
For Normal distribution the total probability within its range is always
equal to one.
MNormal distribution has two parameters, (t and o.
For Normal distribution Mean = Median = Mode.

4
For Normal distribution M.D= E o

For Normal distribution out of the total observations 68.3 % lies within the
limitsp £a, 954 % lies within the limits g = 20 and 99.7 % lies within
the limits g + 30.

X-u
o

Z= { standard Z-score)

Pl0<Z <12)=P[-12<Z<0]

Ordinate mean (height) of the standard normal curve corresponding fo 2
specified z-value. It is denoted by fz

Point probability in continuous case is always equal to zero.

Continuous probability distributions give interval probability.

When Normal distribution is shown on a graph paper. it gives a bell-
shaped curve called normal curve which is generally taken as a standard
for comparison.

For Normal distribution y = 0 and f2 = 3
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4.1

=

iii.

wii.
viii.

ix.

Read the following statements carefully and indicate which statemeng;, e
7 = Ly
or false.

per {;’e.%; S'Tailﬂtunﬂnuous P"h""]"tv &WW

Eger cise

If X is a continuous uniform random variable Ufa, b) then

fix)=

For a Norma] distribution, the mean is always lies between the mediap il
the mode. :
The right and left tails of the normal curve extend indefinitely, neyer

.m:.r-:b

 touching the horizontal axis.

The tail will be on the right hand side of a Normal distribution for any
positive z-score.

Mean = Median = Mode for Normal distribution.

The mean and the $.D of the Standard Normal distribution is 0 and |
respectively.

The Normal curve is symmetric around the standard deviation.

For Normal distribution about 99.7% observations lies within the limits
3o

All even order moments of Normal distribution are zero.

In case of Normal distribution the two quartiles @, and (s are cqmd:slan!
from the Centre.

4.2 Fillin the suitable word in the blanks.

il.
ii.

vi.
vii.
viii.

ix.

IfX has a continuous random variable over the interval (2, 6), the mean of
the distribution is equal to

2
[l'X-NiI,ul.o % ll‘LEl} standard normal variable Z is distributed as _____—
The maximum I.:.mghl of the normal curve lies at the point_______-
For a Normal distribution, the mean deviation from mean is PENEE =

For a Normal distribution, the odd order moments are equalto___—

The value of skewness = kurtosis = 0 for distribution.

!I{l:)”:ni]mal distribution mean = 10, mode = 10, the value of median = ot

s normal curve is symmetric around the

-[-:c standard normal curve is symmetric around the
interval (£ 20) under the
— % of the area.

normal curve always cover about

Sratistics - X1l

iii.

iv.

vi.

vil.

?

The random variable of the Normal distribution is:

(a) discrete (b) continuous (c) positive
If the distribution follows Normal then Mean = Median = Mode
(b) false () impossible

If X is a uniform variable over the interval (5. 10), then the mean of xis

(a) true

@5 (b)7.5 ©10 @15

Use of the standard normal variable Z instead of normal variable X
(a) complicates the calculation of normal probabilities.

(b) simplifies the calculation of normal probabilities.

(c) Does not make any difference.

(d) pives wrong answer.

The total area under 2 Normal distribution curve 1o the lefi of the mean is
always equal to

()l (Y0
A normal curve witha small standard deviation will be

(c) 0.3 (d) 09

(a) positively skewed (b) more spread out

(c) less spread out {d) platy kurtic
The tail of the Normal distribution

(a) meet the horizontal axisat Z=3.0

(b) cross the horizontal axis st Z=4.0

(c) never meet oF CTOSS the horizontal axis.

(d) are asymmetric

i ?."'5-"'_-.»’ A ’f"" i R
L2 : _;a %?m
fuous thahr l['.‘vlnml-'l:u.ll AT

{

!
]
i
;
!
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44

4.5

4.6
4.7

48

4.9

RS UAI-4: Special Continuous Propyy . o
viii.  The area under the normal curve within two st

mean is , o deviélf"ﬂ of
(a) 68B.3% (b) 95.4%
(c) 99.7% (d) 99.99%

ix. For a Normal distribution H#=40, g=8. The valye of Z for x = 2is
() 2.00 (b)-1.75 (c) 0.80 (d) 1.50

Kie 3 :;:[ ;EE:::I;:“E relation between M.D about megy and $.D of Nt
(2) SM.D=48.D (b)4M.D = 58 p
(€)3M.D=35.D

(d)3M.D=25D
() Define continuous uniform probability distribution,

(b) Find mean and variance of the continuous uniform distribution.

Describe Normal distribution and

distribution, throw light on the importance of MNorma)

Define Normal distribution Write down its properties.

Define standard normal variahl
role of this distribution?

If Zis a standard normal varighle

M Pz>160)
(i)

e and standard Normal distribution. What is the

s caleulate:

(v) Pl-1.96 < Z < 1.96]

1.
1160 <Z <2 30] Vi) P[-1.50<Z<0.67)

[T“-:l PI_I-M ‘:Z‘:'—I.OZ] ("ii) ,PIZ{—2‘SUI
(iv) F|O<z< l.gl‘j]
Find the Proport

; ion of a N facaa
following sections; ormal distribution hay corresponds to each of the

i Z<pas

(llj Z> IJEG fltl}z.q -1.50 ﬁ\‘) Z>-075

NIASAT e e l_l‘ﬂ

Statlstlcs-x.ll" " S T

4.10

4.11

4.12

4.13

4.14

4.15

4.16

4.17

Lontinuous Prob strib
Let Z~N (0, 1). Find the area under the normal curve in the following cases:
(i) 1o the right of 2,63
(iii) between 2.27 and 3.02

(ii) 1o the left of -1.45

(iv) between ~1.96 and -1.06
(vi) below 2.17

Determine the Z-value in the following statements:

(i) PIZ> z) = 0.005

(v) between -2.65 and 2.09

(i) PIZ> 2] =0.1075 (i) P[Z > 2] = 0.9599

For a Normal distribution, find the Z-score location that divides the distribution
as follows:

(i) separate the top 20% from the rest.
{ii) separate the top 60% from the rest.
(iii) separate the middle 70% from the rest,

Suppose the distribution of X is normal having mean 46 and standard deviation 4.

Compute the following probabilities:
(i) PIX = 50] (iii) P[45 =X £49)

A Normal distribution has mean = 100 and variance = 225. Find the following
probabilities:

(ii) P[X < 38]

(i) PIX 2 76] (i) P[X < 92.5]

{iv) P[X £ 107.5]

The average seasonal rainfall in certain country is 16 inches wilh. a sla_udm'd
deviation of 4 inches. What is the probability that in a year the rainfall in the
country will be between 20 inches and 24 inches?

In a certain book, the frequency distribution of the number of words per page
may be taken as approximately normally with mean 400 and SD 25..[t' a page is
chosen at random, what is the probability that the number of words lies between
415 and 4507

The heights of a certain papulation of comn plants follow a Normal dts;hu:mr:
with mean 145cm and standard deviation 22cm. What percentage of the plan

<
- N*@ FOR:SALl

(ii) P[X 2 124]

(VPELX<127] (v PI11I2£X = 1283]
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(i) 100 cm or more, (ii) between 150 and 180cm (i) lsﬂclnornmm

; . 427 Ina Normal distribution the mean is 20 and the standard deviation is 5. What is
418  The number of calories in a salad on the lunch menu is normally distripyeq Hocappeonoabe Valhie of the i dvinsioa? "o
mean 200 and SD 5. Find the probability that the salad you select wil] contajpn th
) : 428  The mean deviation of a Normal distribution is 16. Find the approximate value of
(i) more than 208 calories (ii) between 190 and 200 calories

its standard deviation.

3 Seaa e S T fnid thﬁt he has 429  The length of left middle fingers of 1000 criminals is given below:
deal with during a year amount to 72,000 with a SD of 20000. Assuming P
sales in these firms are normally distributed, find.

(i) the number of firms whose sales are over 80000 and

(ii) the number of firms whose sales are likely to range between 60000 gq

420 The mean height of 1000 students at a certain college is 165 cm and SD is 10em,

Find the number of students whose height is Fit a normal distribution to this data by the ordinate method.

(i) less than 172em (i) between 159 and 178 c¢m and 430 FitaN | distribution to the following data.

(iii) more than 173.2 cm.

421  The mean wage of a certain group of workers working in a factory is Rs 285 with
a standard deviation of Rs 50. Find the percentage of workers get above 200
rupees.

422 Assume the mean height of soldiers to be 69 inches with a variance of 9 inches.
How many soldiers in a regiment of 1000 would you expect to be over siX feet
all?

423 1fZ~ N(0,1). Find (i) P(-1 < Z <1}, (ii) ordinate of the normal curve for Z=2%

424 A Normal distribution has mean 1 and o = 3, find P[IX1 < 2]

4.25  Find the ordinates of the normal curve at
02Z=252 (i)Z=-023 (jii)-1.81

4.26

mdgglmmnum (iid)cSlandard deviation on an examination in which marks of %
s o standard scores of 0.5 and 1.3 respectively:

@ .
140 . T = S § __m. N:_@'ir' iF.O.&SA!. l!‘



