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Chapter 3 — Descriptive Statistics

Frequency Distributions

A frequency distribution is a table used to describe a data set, A frequency table lists
intervals or ranges of data values called data classes together with the number of data
values from the set that are in each class, This number is called the frequency of the
class,

Example: Statistics exam grades. Suppose that 20 Slatistics students’ scores on an exam
are as follows:

97,92, 88,75, 83, 67, 89, 58,72, 78. 8 1, 91,57, 63, 67, 74,87, 84, 98. 46

We can construct a frequency tahh-w‘ith classes 90-99,
B0-8%, 70-79 ete. by co unting the number of grades in each grade FEN@E.

Class | Frequeney (/) |

0098 4.
80-89. 6
70-79 4
O-64 ¢
2

|

50-50
| 40-49

Note that the '_sum of the frequency column is equal to 20, the number of test scores,




2- General Rule for construction frequency table:

1) Total Range ( T.R ): Is the difference between the
largest value and smallest value in the group of data.

T.R=x_x+1
or TR =X, — X,

2) Number of classes : it is the number of groups in the
freauency table.

a) Yule formula :
m =25 {!‘ﬁ
b) Sturges formula:
m =1+ 3.322log,(n)
Where:
m:The number of classes
n: The number of data.

3) Length of a class: It is also called the class with
which is the difference between two consecutive

!

lower (or upper) class limits.

T.R

L=—0
m ."‘.
Where:

L: Length of class e



T.R: Total Range
m: Number of classes

4- Lower class Limits: Are the smallest numbers
that belong to each-class.

5- Upper class Limits: Are the largest numbers that
belong to each class,

6- Class midpoints: Are the middle numbers of
each classes,

_LCc+uUe
. 2

X

Where:

X: class midpoint.

L.C: lower class limit.
U.C: upper class limit.

7- Class Frequency: The frequency is the number
of times that each of the different values in the
given class occurs in the data, and the sum of the
frequencies in a frequency table should equal the
number of values in the data set as: tifi=n

m

m.
Zfi:fl tletfat -+ f, =n
i=1

fi: The frequency of each class.



n: The number of data.

The general shape of the frequency table of the

equal class is set as:

.F;'eqr.: lower upper! Class len. (X) midpoint Freq.
_ lirmit limit (L) s (f)
1 X, X+L L X + (L)L i
2 X+L X:+2 L L Xs +(32)L fz
3 X+ L XL L XA (5L Iy
im X;Hm-1) L | X m L, I XeHm-(1/2)) L f,
Jﬂ.m srgEp@Er.] ) | wampag ! ) aesagas n
% X |

3- Class frequency tables for Discrete Quantitative
date.

In this case we write the limit as the follow
frequency distribution, so as to ensure that each
value of the data values within one class of the
distribution classes without any repeat could
happen at any of the distribution classes.



F;,rﬁ;gq» Mwﬂrﬁﬂﬂfrﬁ,@pﬂ limit | Classes limit F mq_l
S SIS Y £ ) e (To ) ) |
I X, X, +L-1 (X5) - (X, +L-1) fy
2 XHL | X420 | (x4 L)-(X#42 L-1) f,
3 X, +2 L X+ (X, +2 L)-{ X43 L-1) fy
m XeHm-1) | X, m L-] X Hm-T) L) - (X.im[L- £,
P (1)
v Sﬂfﬂ‘-_ ------- L e Temreanss. 1..___ n =
Example () .

The following Sample data set list the grades of 30 students
In statistic, construct 2 frequency distributio

n table.

Sol.

I- T.R=X, - X, +]

T.R.=HT—-¢IZ+I=4I5

Z-m=25Yn=25 Y30 =58508=¢




So the frequency distribution table will have 6 classes as

follows:
Seq. L‘ﬁ:;l::f;“t Ul*lﬁ:;T’* Classes limit | "¢94enY
1 42 42+08-1 42-49 7
2 42 + (8 42+16-1 50-57 5
T . 42416 | 42+24-1 58-65 S
4 42+24 42+32-1 ﬁﬁ."{:_; 7
. 42432 42+40-1 74-81 g
i 42+40 42+48-1 842-89 C T
Sum W0

We can write the frequency distribution table as follow:

| Seq. classes (f) frequency | (x) midpoint
1 42-49 T " 45,5
4 50-57 5 53.5
3 58-05 5 61.5
4 66-73 7 69.5
5 74-81 S TS
6 82-89 — 855
Sum . 30

Class midpoints are the middle numbers of each class, so for the first
class the midpoint set as:

CLCHUC (42449)

1= 2

2

45.5

The class midpoint are: 45.5,53.5, 61.5,69.5,77.5,85.5




4 - Class frequency tables for Contin Uous Quantitative
data. | '

- In this case we write the limit asthe follow frequency
dfstrfbuﬂc-n, 50 as to ensure that each value of the data
values within one class of the distribution classes
without any repeat could happen at any of the
distribution classes.

Seq. | Loweri N Upper timi | elasses ]Eq
NN (T i T
2 X+ }é’ﬂ I (X+L)- X420 L
3 X, +2 L X, 43 L {__:«:,_..+z L) - (X, 43 L) Iy

M X Hm-DL| X,mI, KeHm-) L) <( X, myL | 1

e

s L LN
LjEJ____L____L

Example (2):

The following sample data set list the weighted of 16 ) students )
construct a frequency distributi on table.

{235 | 885 T 665 | 555 | 265 [ a6 | go5
875 | 695 | 773 _60.8 | 482 | 513 92 | 495

=




As shows the random variable is a continuous variable , so the
frequency distribution table set as :

I- T.R.= X — Xg +1= 90-46+1=45
2-m=2.5%Yn =25 Y16=5

3_ I= EE_. = E —
m 3

Seq. Class limit (f) frequency ( X} Midpoint
1 46 - <55 ' ' 6 50.5
z 55-<64 >, 59.5
3 64 - <73 2 ' 6.5
4 73 <82 3 TS5
5 82-<91 3 ! 86.5

- Sum. 16

5- Cumulative Freguency distribution :

The cumulative frequency of a data is the number of data elements in
that class and all previous classes. You get the cumulative frequency
from standard frequency.

1)) Ascending cumulative frequency: It is the summation for the

frequency from the first class to the last class, and it's symbol is (
FV).The last value will always be equal to the total for all observations,
since all frequencies will already have been added to the previous
total.



Ascending cumulative frequency table for continuous

Ypperlimit | Comulagive | Freq, (Fv) A
. classes | sentence. | ~ A
_K.+L-I Less than | f]; - F"r]#j' =
xs'l‘ll_rl or iaql!al fy Fv;_==f'.+t'z=Fv1+f;
}:5"'3.[-1 III] per Iimit r3 F‘v3=f|+f1+f3=F\';+ﬁ
| X +ml-1 % ] Farﬁ_l'ﬁffi-....+f,,."—-va_.+fE=n_
St n 5]
Ascending cumulative frequency table for discrete random
variable.
'_[E&;Iim_it ﬂ#hilaﬁw Freq. [_Fv} K S
classes sentence . e t
x,'I'L [ﬂﬂ than E} F.\"'[=f|
X421, upper limit f, 11'?1-5;-"——F.+r1=Fv.+f3_
X ;+3L f3 ﬁ;i:fl +f3+f,}2F‘.-'1+ fj.
| X 4mlL I Fhﬁfﬁfz*----'irni"ﬂf"_fm:_" &
sum n

random variahle.

Example @: For the followin g frequency distrik ution table , find the

ascending cumulative frequency.



Numberof | 60-74 | 75-89 | 90-104 | 105-119 | 120-134 135-149 | 150-164
trees

Number of q 5 10 12 16 7 6
families

Note : the random variable in this example is discrete variable.

~classes ~Upper limit classes f; Fy
60-74 Less than or equal 74 4 4
75-89 Less than or equal 89 5 9
90-104 Less than or equal 104 10 19
105-119 Less than or equal 119 12 31
120-134 Less than orequal 134 16 47
135-149 Less than or equal 149 7 54
150-164 Less than or equal 164 6 60
sum ol

Example @) : The following distribution frequency for a sample of 100
students weighted , find the ascending cumulative frequency. :

classes

46-

53-

60- | 67-

T4-

81- | 88-

05-<102

Freg.

¥

15

27 | 21

14

8 5

Note : the random variable in this example is continuous variable.




lasses . | ‘The upper limit f; Fy

46- Less than 53 o7 07

53- Less than 60 15 22

60- Less than 67 27 49

67- Less than 74 21 70

74- Less than 51 14 R4

—— Bl . Less than 88 - 08 92

38- Less than 95 05 97

95-<102 Less than 102 03 100
sum 100

|
2)} Descendin lative frequency: 1t is thedecreasing for the

frequencies from the first class to the last class, and it's symbol is { FF).

'_[_m-ﬁ'nr limit Eﬁ@ghﬁw Freq, | (FF)
- elasses sentence _ J i
X, Largest or I TF =1+ .. H,=n
XAL equal f; FF;=n-f, =FF-f,
X421 lower limit 5 - FFs=n-f-f, =FF,-f,
: of the class 2
| XoH(m-1)L fo | FE =n-f;-fp-....-[. P A
Sum n

Descending cumulative frequency table for discrete
random variable.

- -



Aower limit. | Eumu,ln tive | Freq. (FF)
* classes | sentemce |
X Largest or f FF = fi+....+f =n
X, +L equal f; FE:=n-f; =F'F -f,
X A2L lower f3 FF;zﬂ—ﬁ-f; ZFFzﬂfE
limit of the ’ :
class
_hﬁ-i"{m-lli_; fm FFfl’l‘-frfru..- I]'I.-.|=FF![':_1L'E={‘|“_
Sum n

Descending cumulative frequency table for continuous
random variable.

Example (5) : Back to exa mple (3),find the de‘cmndmg
cumulative iraquency dlstﬂ!}u tion.

S-:]I.:
[ Classes < Lower limit classes f; FF .
ﬁﬂ'—?d = 6i) 4 ol
T5-89 > T8 5 56
20-104 = 90 10 51
105-119 =105 12 41
135-149 > 135 7 13
150-164 > i 6 6
sum 6l
cumulative frequency distribution, 2SR e

Sol.:

i
¥

P




- Classes Lower limit classes f FF

46- > 46 07 100

53- > 53 15 93

60- = 60 27 78

4 > T4 14 30

81- i 81 08 16

88- S 05 08

95-<102 < 03 03
BRI - e e 10} |

frequency list relative frequencies,

7— A Relative Frequency_Distribution has the same class
limits as the frequency distribution but instead of listing

Relative frequency = clasg frequency / sum of all freu:-}uency

rf =€/ ( can be written as4 percent )

Example: The ii:ltgwing distribution are exam scores for 90
students, find the relative frequency distribution.

classes i B rf
{i- 2 (21 =100 =2 222,
i 20- 3 (3/H0)*100 =3.333%,
B - 5 (390100 =5.556%;,
40- 10 {IWJEIM':]L[]I"H
50- 18 (18/90)* 100 =20,
6l 25 (25/90)*100 =27.778"%,
T0- 15 [15!‘]&}*!!]0_=l 1.TT8%
50-90 12 (L2/90)* 100 =14.444 "

=17 -




6 — Graphing a simple Frequency Distribution:

To visualize data we graph the pictures of distributions.
Among the different types of graph in this chapter ( a
histogram , a polygon ), we start with histogram,

1- A histogram:

Def.: A histogram is a graph that uses bars to portray the
frequency or the relative frequency of the possible outcomes
for the numerical data. In which the horizontal of the bars
correspond to the frequency values, and the bars are drawn
adiacent to each other

Example @: Draw a frequency histogram for the frequency
table in example (3).

Jadiize | 6074 | 7589 | 90404 | 105119 | 120134 | 135-149 | 150-164

gl e 4 5 10 12 16 7 6

Sol.:

w ol e

THE-Voe NERLATE ATEAY. 199008 1.4.9. AdLvae VE-T.

. 1 .




Example (8): Draw a frequency

histogram for (he frequency
table in example (4).

ladd) 46- 53- G- fr 7~ = &1- 88- 95 < 102
SN 7 | a5z v | 7e 8 5 3
Sol.:

2 — Polygon :A'_-frequency polygons are very similar to

histogram, except instead of u
frequency of each class,
is used. These points are

sing bars to represent the
a single plotted point over the class
then jointed by line segments,

Example @: Draw a frequenc

¥ Polygon for the frequency
table in example (3).




classes | 60-74 | 75-89 | 90-104 | 105-119 | 120-134 [ 135-149 | 150-164
Freq. 4 E 10 12 16 7 6
Sol.: First we have to find the midpoint for each class.
Midpoint (first class) = (60 +74)/2=67 ....¢tc. for last
class .
Freg. 4 5 10 12 16 7 0
Midpoint class(x) | 67 82 97 112 127 142 157

18 N g Lt e
16 _ W ———“ SR L LS
14 -

S Ao =
|
|
|

EELEEM-]- Y AN v Y 7% YiT 1ay

12 ;.—— —— e — ———— H—— e —
in . - Pa—— - -
i\ I _—#—-SE[iEﬁ]

- 1% =



Example (0 : Draw a frequency Polygon for the frequency

table in example (4).

| Freq. L B2l oM. | 341 8 7% [ 5
| Midpoint class | 49.5 | 56.5 | 635 | 705 775 | 845 | 915 | mus
- -
e N

b

3- Frequency Curve : A frequency Curve are very similar to
frequency Polygon, except instead of using line to join the
points we use curves. This type of graph is only for

continuous variables data.

Example @: Draw a frequency Curve for the frequency

table in example (4),

- A¥.




Freq. T  E i 21 14 8 5 3
Midpoint class | 495 | 565 | 635 | 705 | 775 | 845 | 915 89.5
Frecuncy Curve

| ——t

_re




1 - The following data are the members of 60 families,

« Exercises»

*The Frequency distribution table,
*The Ascending Cumulative Frequency distrib ution,

*The

*The Relative fr

*Graph the frequency polyeon,

equency distribution.

Descending Cumulative Frequency distribution.

find:

13

14

11

]

3

e

120

T T114

18

9

b

|

A

s

N

6

J

L5

18

3. V13

6

[

2-The fullnwin'g data

students, find:

i

abie

6.
4
5

12

10]12

11

4 1T

B | on

|14

are the average scores for 50

*The Frequeney distribution table.

* The relative frequeney distribution’

* The Ascending Cumulative Frequency distrihufinn

*The Descending Cumulative Frequency dlstrlbutmn

*Graph the histogram frequency .

*Graph the Curve for the fr

equency distribution .
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Chapter Four // Measures of Central Tendency

1- Some rules in summation: The symbol (X) means to
sum ( add ) the scores, and it is called sigma or summation of .

1- mixi=xy +x9+ -+ X,

2- ?=1 xi 2= X12+X22+o o0 00+Xn2

3- If(a)isaconstant then:

n
Seem
i=1

Proof:

n

Za=a+a+ .. Ta=na
i=1



4 —If (a ) is a constant then :
n —_ n
i=1aXj =a Yi_q X

Proof:

n
Z ax; =axq+ ax, + -+ ax,

Proof:

n
D (i Fy) = Fy) + (e Fy) bt (5 F )
i=1

=@ txp+ ot x) F @1 +y2+ o+ y)

Y uE,

n n
i=1 i=1

Yy



2
Cr,x)? =X +xX3++X,)

n

in Yi = X101 tX2¥2 + o+ Xy Y
i=1

8 —

9_
n
1 1 1 1
S oho el v —
T G Xn
10 -
1 1

Yy

O X 9 = 0y %+ %)t v+
i=1 i=1

+Vn)



11—

n
z logx; = log(xy) + log(x) + --- + log (x;,,)
i=1

12 —
n
Z,/xi = JxXg+/x2 + -+ /x,
i=1
13 —
n n
z(xl +a)= le +na
i=1 i=1
Proof :

Z(xi ta)=(;Fa)+x,Fa)+-+ (x, Fa)
i=1

= (XXt .. 4x,) F (atat....+a)

= Ji1Xx; Tna

Yy



Note:

1-201 XYy # D1 Xi N1 Vi

2- ?:13'51'2 # (XX )?

Homework:

xi
3- Z?:l i

=+

E}]:[ri

Yo i

If xand y two variables where:

Compute :

e -

2

Xi=2,6,3,1
Yi=3,9,6,2

a- it (yi — x; )?
b-Yiti(x; = 3)(y; = 5)
N 13
- Ylaxyy 2 i a -é. £

X xi) (Xyi)

n

it A (Gx)

Y¢

n
d- i1 x;yi —




2- Some rules in Multiply (77) :

1-If x4,X3500eene. »Xn is a random variables then the multiples of these

n
| |Xi=X1*X2* ...... * Xp

i=1

variables is:

2-If (a) is a constant then:

n
| | AT
i=1
Proof :
n - s n
[llLia=ax*ax xa = a
3 _
n P n n
i=1aX; = a Hi=1 Xj
Proof:

Tn': ' 3
=y

AX; = A Xy *AXY * . ¥ A Xy = a”]
L

v
-



Proof :

n
l—[ ax; by;
i=1

= (axy * by) * (axy * by,) * ....* (ax, * by,)

= (ab¥ab*..... *ab) * (x1y1*X2y2*......*XYn)

— AL TN TN
a"b" I1iL 1 x; H=1)’i

Y1



8 — ?:1( x; )" = (H?=1 Xi )n

4 - Measures of Central Tendency :

A score that indicates where the center of the distribution
tends to be located to describes most typical values, and tell us
about the shape and nature of the distribution, it is depends on
level of measurement. Or it is a value to represent the typical
or " average ' value in a data set.

4-1 The Arithmetic Mean:

The score located at the mathematical center of a
distribution, it is used to summarize interval or ratio data in
situations when the distribution is symmetrical and unimodal.

Yy



4-1-2 Compute the Arithmetic mean for ungrouped data:

The mean is the sum of all data values x;,x,,.........,x, divided by
the number of values in the data set . The mean of

a sample data set in denoted by (X) and the mean of population
data set by the Greek letter M.

=42 ....n

_ Dig XL Xyt X+ xy

Example D): Find the Mean for the following data set.

400, 380, 450, 350, 520
Sol.

— _ Di=1Xi 400+380+450+350+520

e E = 420

=

YA



Example @: The following data is a members of families,
compute the average of the member of family.

3,4,7,8,10,9,2,5,6,9,7,5
Sol.

x = TiXi _ 34447484104+94+2+5+6 +94745
n 12

=6.25=6
The average is nearly to ( 6 ) persons,

4-1-3 Compute the Arithmetic mean for grouped data:

Estimating a Mean from a frequency table, given the
frequency distribution of data set, we can make the best
estimate of the mean for the data set. |

1- Calculate the class midpoint for each data class. These
will be our data values for calculating the mean.

2- Use the Frequency of the data class for each data class
midpoint.

3-Calculate the Mean by the following formula:

_ Zizafiti

Z?=1fi

|

A



Where:
X; : the midpoint for each class.
fi : The frequency for each class.

Example @: The following table gives the frequency
distribution of the temperatures in a city for 99 days, find the
average of the temperature.

Temperatures 1- 2- 3- 4- 5- 6- 7-

Number of days 4 8 12 16 20 25 6

Sol.

To find the mean we must compute the midpoint ( x ) for each
class.

Midpoint (x) = ( L.L + U.L) /2

Midpoint (x; )= (1+2)/2 =1.5

Midpoint ( x;) =(243) /2=2.5 ereees €FC.
classes f; , X f x;
1- 4 1.5 6
2 - 8 2.5 20
3- 12 3.5 42
4 — 16 4.5 72
5- 20 5.5 110
6 - 25 6.5 162.5
7 - 6 7.5 45
8§-9 8 8.5 68
sum 99 525.5

tqfixi _ 5255 _
R fi 99 5.308




Example @:

Find the arithmetic mean for the following frequency distribution.

classes | 31-40 41-50 51-60 61-70 71-80 81-90 | 91-100
Freq. 1 2 5 15 25 20 12
Sol.
classes f; Midpoint (x;) f; x;
31-40 1 35.5 35.5
41 - 50 2 45.5 91
51-60 5 55.5 2717.5
61-70 15 65.5 982.5
71 -80 25 75.5 1887.5
81-90 20 85.5 1710
91 — 100 12 95.5 7 1146
sum 80 6130
Where the Arithmetic mean is:
B\ Z?=1 xi fi __ 6130
X= h_fi 50~ 76.62

4-1-4 Some properties of the mean:

1-

a) For ungrouped data:

AR




Proof:

x ¥ . — Y xi
im(xi—X)=Yiijx;—nX Since X = z_n1
n .. _ =
=Y. xi =nx
NOW ?=1(xi - f): ?=1 Xi - n X

=n x - nx =0

b) For grouped data:

n
2 fi(xi—X) = 0
i=1
Proof:

=1 fi(xi —%) = Y x:fi — % X, fi

Sj _ Yt " & on
1Ince x——}T:l_ﬁ“ — Zi=1xifi = X Zi=1fi

Now

= fi (6 — %) = i1 Xifi — X Di=1fi
X Z?=1fi — X 211'1=1fi =0

Y



2 - If (K) is a constant then:

Yi=kx; > y=kX
Proof :
Y=k x; ( take summation both sides )

i—1yi =k XL x; (Divided by (n) to get the mean)

Byt _ oy Zhyxi

= = = y =kXx

3 - If ( K ) is a constant then:

Yi=x;+k = y=%+k

Proof:
Yi=x; +tk ( take summation both sides )
n n
D yi= ) (x+k)
i=1 i=1
—1yi= 2iix;+ nk ( divided by (n) to get the mean )

n . n .
=1yl _ Xi=pxi
n

+k 2y=Xx+k

AR}



4-2 Weighted mean

a) For ungrouped data:

If X1, X2, ceceeee » Xa is @ sample of n observations, wi, w;, .....
w, is a weighted for these observations, then the weighted
mean ( X, ) is:

ot Yicpxiwi  x1lwl+xZw2+--+xnwn
= =

T Wi wl+w2+--+wn

b) For grouped data:

We have to compute.....
1- The midpoint ( x; ) for each class.

2- Multiply each midpoint with its frequency ( f; ) and its weight
(w;).

3- Apply the following formula to find the weighted mean:

X _ Ziawifixi o wlflxl+w2f2x2+-+wnfnxn
Y Yl wifi wlfl+w2f2+-+wnfn

ve



Example @: For the following data (students' scores x; and the
hours w; for each lesson), find the weighted mean for the
student score.

(X;) scores 62 80 75 88 84 86 90
(w ) Hours 2 2 2 3 3 3 3
Sol.
5 o Li=1 XiWE _ (62+2)+(80+2)+(75%2)+(88+3)+(84+3)+(86+3)+(90+3)
YRR, wi 2+242+3+3+3+3
1478
= 28 = 8211

18

Example @:

For the following frequency distribution table, find the weighted
mean. '

classes 2 -<4 4 -<6 6-<8 8-<10 10-<12
( i} Freg. 4 S5 6 3 2
(wi) weight 6 5 6 4 4

Sol.




First we have to compute the midpoint (x;) for each class then
we had to compute the measurements as shown in the following
table:

classes Fi W, X W T X w; I
2-<4 4 0 3 24 i
4-<6 5 5 5 25 125
6-<8 6 6 7 36 252
8-<10 3 4 9 12 108

10-<12 2 4 11 8 88
Sum 20 105 745

n ¢ £ .
-~ _ iz xifiwi 745
™ n o fiwi 105 7.095
4 -3 The Harmonic Mean:
a) For ungrouped data:
If X1, X2, weeee. » Xn is @ sample of n observations, then to

compute the Harmonic Mean () we had to apply the following
formula:

1 1"
AL | = oy ] X+ 0
N o D L ‘

1



b) For grouped data:

Estimating a Harmonic Mean from a frequency table, given
the frequency distribution of data set, where X1, X2y coeeene s Xp
are the midpoints and f;, f,, ....., f, are the frequencies, then
the formula to compute the Harmonic Mean is:

L

I_I = L-.!':1ff

T
Rl

Where:

f; /x; : divide the frequency for each class by the midpoint for
the class.

- Example @: For the following data, find the Harmonic
Mean.

6,7,6,5,3,10,12
Sol.

v



Example : For the following frequency table, find the

Harmonic mean.

classes 50- 60- 70- 80- 90- 100- | 110-<120
(1i) freq. 8 10 16 14 10 5
Sol.

To find the Harmonic mean we must compute the
measurement as shown in the following table:

classes Fi Xi fi / xi
50 -< 60 8 55 0.145
60 -< 70 10 65 0.154
70 -< 80 16 blil7s 0.213
80 -< 90 14 85 0.165

90 -< 100 10 95 0.105
100-<1100 | 5 105 0.048
110 -< 120 5 115 0.043
sum 68 . 0.873
L WY, Y,
TRl 0873

4 -4 The Quadratic Mean :

This kind of Mean use ip physics science, and it denoted

by (Q).

A




a) For ungrouped data:

If X1, X3, ......., Xp is @ sample of n observations, then to

compute the Quadratic Mean ( Q ) we had to apply the following
formula:

b) For grouped data:

Estimating a Quadratic Mean from a frequency table, given
the frequency distribution of data set, where X;, X2,

are the midpoints and f,, f,, ....., f, are the frequencies, then
the formula to compute the Quadratic Mean is:

A & Z?:1f|’_}i'2
PR

Example @: Find the Quadratic mean for the following
data.

2737475;6
Sol.

n

inz =224+ 324..4 62 =90
i=1

¥4



7 2
Q= (M= - \[953 = 4.243

Example :The following frequency distribution
represent members of patients ,compute the Quadratic
mean for the age of patient.

Age classes 10- 20— | 30— [ 40- 50- | 60-<70
Number of 2 3 4 10 36 14
patients ( f; )
Sol.
classes I X; Kir fix;”
10- 2 15 225 450
20- 3 25 625 1875
30- 4 35 1225 4900
40- 10 45 2025 20250
50- 36 55 3025 108900
60 <70 14 ) 4225 59150
sum 69 195525
c
Q= 195523 _ 53032
6%

R

ot L

v s K0T



4—5 The Geometric Mean :

This central tendency is importantin census survey, it
denoted by ( G ).

a) For ungrouped data:

If X1, Xz, ...eee, Xn is @ sample of n observations where x> 0,
then to compute the Geometric Mean ( G ) we had to apply the
following formula:

_ _ /
G=IlEix = (M x)™"

Also we can compute the Geometric mean by using the
following formula:

log G =[log (x1) +log (x;) + _. ...+ log (Xp)] /m

Example (D: For the follpwing data, find the Geometric
mean.

10,20,30,40,50, 60
Sol.

G =T xi=( e ¥
= (10*20%30%40*50*60)"°
= (720000000)"6 = 29.938

&



b) For grouped data:

Estimating a Geometric Mean from a frequency table, given
the frequency distribution of dafa set, where x; x,, ....... '
are the midpoints and f,, f,, ....., {, are the frequencies, then
the formula to compute the Geometric Mean is:

1
/
Y fi Xl
G= W l 1 1 (H lel

Or we can use the following formula .....

log G = 2filleg%) _ £ logx1+ f2logxy+ ...+ folog x,,
2 fi : Fitfa2+ . +fn

Example @ Find the Geometric meon for the foIIowmg
frequency distribution table.

classes | 10- | 20- | 36- | yo— | 50- 60- | 70-<80
Freq. 3 5 > e 6

194
()

Sol.

First we had to compute the midpa’: ytfor each class.

classes 10- | 20~ | 30—~| 40- | 50- | 60- | 70-<80]
Freg. 3 5 7 8 6 5 2
{ Xi) midpoint 15 25 35 45 55 65 75

IS



G = " x i

Where ) fi=36

G = V157 %257+ 357 » g5 § 550 % 655 x 752

G = 40.35

4—6 The Mode :

The Mode is the value that has the highest frequency in
a data set.

a) Find the Mode for uﬁgr’o‘up‘eo’(data:

if X1, X2, ......., X, is @ sample of n observations, then the Mode
( Mo ) is the value that has the higl—i'est frequency in a data set, if
the data have exactly two Modes, the data are bimodal, if the
data have more than twoModes {hedata are multimodal, and
sometimes the data has ng M@J'e. .

g



Example (3): Compute the Mode of the following sample.

2,3,2,4,2,5,4,4,5,4,6,8,9,4,7,3,7,6

Sol.

The value that has the highest frequency in the sample is the
number ( 4).

o' Mo :4

Example : Compute the Modle sfthe following sample.

2,4,3,6,8,7,10,12,5,9,13, 11
Sol.
The data have no Mode,

b) Find the Mode for grouped dsta:

i)) IF the Random Variable is discrete:

IF Xj, X2, eeeeeee , X, are the midpoin{s for a classes of a
frequency distribution anel £ ) f’z,, .-, I, are the frequencies,

it



then the Mode is the midpoint class for the largest frequency
for the distribution.

Example @5: Compute the Mode for the following distribution

frequency.
classes 60-74 75-89 90-104 105-119 120-134
fi 2 6 14 10 8
Sol.

The largest frequency is ( 14 ) for the third class.
- Mode=(90+104)/2=97
ii )) IF the Random Variable is Continuous:

IF X;, X2 ceeeene , X, are the midpoints for a classes of a
frequency distribution, f;, 5, .....,f, areits frequencies, to
find the Mode use the following formula:

dl

Mo =L, +
0=L (dl+d2

)w
Where:

class Mode : is the class the highest frequency.

L, : is the lower limit ( lower boundary ) of class mode.

{0




d, : is the difference between the frequency of class mode and
the frequency of the class after the class mode.

d, : is the difference between the frequency of class mode and
the frequency of the class before the class mode.

W :is the class width.

Example : Find the Mode for the following frequency
distribution.

Sol.

The third class ( 66 — 69 ) is the class mode with highest
frequency (42 ).

L; =66 d, = 42-18 =24 d,=42-27=15 w=3

d1 24
=66 +
diraz) W 00+ (s

Mo= L+ ( )3=67.8

i



Mode paragraph

aswies|

60-63 63-66 66-69 69-72 72-75
il

4 —7 The Median :
4 —7 -1 Compute

The median of a data set is the value in the middle when the
data items are arranged in ascending-order.

i)) For odd number of observations:

1
The median is the middle value | % 1

1A




ii )) For even number of observations:

The median is the average of the middle two value

Example (17): Find the median for the following data.
55,62,53,70,68,65,63,79,80

Sol.

First we arranged the data in an ascending order

53,55,62,63,65,68,70,79,80

1 n+1 10
median order = v = N\ 5

~. the median is the fifth value = 65

Example : The following data is the age of 12 peoples,
find the median for the people age.

20,22, 19.5,26 ,24.5,27,28,29,18,20,23,25
Sol.

First we arranged the data in an ascending order

18,19.5, 20,20, 22, 23,245, 25, 26,27, 28,29

¢A



12
2

=6

NS

Median order =

12
Median order = g +1= - +1=7

The median is the average of the two values whose sequence
are(6)and(7):

DA~ 24.52+23 — 23 75

srouped data:

4 — 7 — 2 Compute the Median for

i)) For the discrete random variable:
In this situation we had to compute:

Bt

1- The median order =

2- Compute the ascending cumulative frequency ( FV).

3- Compare the median order with the ascending
cumulative frequency:

L Ifi

Fy )

< Fyn

£9



Then the median is the midpoint for the median class

that have ( K+1 ) sequence.

Example : The following frequency distribution table is a

sample of ( 80 ) families, compute the median of

families members.

Number of 2-4 5-7 8-10 11-13 14-16 | 17-19 20-22
Ppersons
Numbers
of families 6 9 12 20 14 11 8
(fi)
Sol.
First we had to compute the ascending cumulative
frequency.
Classes 2-4 57 | 810 | 11-13 | 14-16 | 17-19 | 20-22
(fi) 6 9 12 20 14 11 8
Upper limit 4 7 10 13 16 19 22
classes
Cumulative 6 15 27 47 61 72 80
freq. (FV)




Lt [

Median order = =

Compare the median order with the cumulative

frequency ( FV ), 27 <40<47 ,so the median class is the
fourth class (11 — 13 ), then the median is the midpoint for the
fourth class:

o KR
2

Me =12

ii)) For the continuous random variable:

Assume that 1,15, ....... , fn 1s a frequencies for a

distribution table, F;,F,, ........ ,EFm Is the cumulative
frequency for the classes upper limits, if:

"
Firy < % < Fy

Where :

. Y fi
median order : T

o)



Then to find the median we had to apply the following formula:

Me=14k+% %-Fk-l)

Where:

L, : lower limit for median class.
fi : median class frequency.

hx : median class length.

Fi.1 : previous ascending cumulative frequency for median class.

Example Q0): Find the median for the following distribution
table.

classes 100- 120- 140- | 160- | 180- 200- 220-<240

Freq. 3 7 14 20 18 12 6

i 80
Median order = % = = = 40

oY




Upper limit
classes fi F.V
Classes
100- 3 120 3
120- 7 140 10
140- 14 160 24
160- 20 180 44
180- 18 200 62
200- 12 220 74
220-<240 6 240 80

Compare the median order with the ascending cumulative
24 < 40 <44 then the median class is the fourth class (

frequency
160 —180) .....

L4=16

0

hy=20 fs= 20

Me =L + 2 ( 21
. 2

[k

F 1)

Me =160+~ ( 40-24)=160 + 16 =176

oy

Fqq1=24



4 -8 Partition measures :

4—8-1 The Quartiles :

Quartiles are specific percentiles

First Quartile = 25™ percentile

Second Quartile = 50" percentile = Median
Third Quartile = 75" percentile

Q:25% I Q,50% [ Q275"

e
.

i )) Compute the Quartile for ungrouped data:

If x1,x,,

» Xn is @ sample of n observations arranged in
ascending order, then to compute the Quartile:

Qg is the value that sequence = -

. n
Q; is the value that sequence = -

3n
Qs is the value that sequence = —

o¢

i Wi 5_.-"'»
o S



Example 21 : Find the Quartiles for the following data.

2,7,3,5,8,6,10,12,9,11,5,1,6,13,16,14

Sol.

1- First we must arranged the data in an ascending order.

1,2,3,5,5,6,6,7,8,9,10,11,12,13,14,16

16
4

Q=5

2- The sequenceof Q; =— =—=4

N

The sequence of Q, = §= 16/2 =8
Q=7

3 *
The sequence of Q3 = f =3 416 = IV

oo Q3 =11

o0



ii )) Compute the Quartile for grouped data:

1- For discrete random variable :

Assume thatF,,F,, .......
frequency for frequency distribution with m classes, then if

1 < i<k <j<misareal numbers:

Fi-l <

=)

, Fm is an ascending cumulative

< F; then Q is the midpoint of class (i ).

Fra < g < Fy then Q; is the midpoint of class ( k).

3n

Fi1 < — < F; then Q; is the midpoint of class ( j ).

4

Example (22) : The following frequency distribution table is a

sample of 124 families, find the quartile for the distribution.

classes 2-4 5-7

fi

8-10

22

11-13

36

14-16

28

o

17-19

14

20-22




Sol.

First we had to find the ascending cumulative frequency....

classes 14-16 | 17-19

fi 28 14

F.V

The order of the first Quartile = l—ii= 31

v 19 <31 < 41 then the value of Q, is the midpoint of first class

v Qi =(8+10)/2=9
. 124
The order of the second Quartile = 5 = 62
v 41 <62 <77 then the value of Q, is the midpoint of second class

4 Qu=(11+13)/2=9

The order of the third Quartile = 3*124 =93

* 77<93 < 105 then the value of Qs is the midpoint of third class

nQy=(14+16)/2= 15

oY



2- For continuous random variable:

Assume thatFq, F,, ........ , Fm is an ascending cumulative
frequency for frequency distribution with m classes for a
continuous random variable, then to compute the Quartile we
must apply the following formula:

h; *J .
Qj = l“j + ﬁ % > I;"j'l) , 1=1,2,3

Where:

L; : Lower limit for Quartile class.
h; : Quartile class length.

f; : Quartile class frequency.

nx*j

Quartile class order = . +Where n= e fi

Example ( 23 ): The following frequency distribution table set the
age for ( 772 ) students, find the Quartile.

12-<13

classes | 5- 6 | 7- 8- 9- | 10- 11

Freq. | 16 | 120 | 131 | 145 | 122 | 115 | 101 22

oA




Sol.

First we had to compute the ascending cumulative frequency ....

classes 5- 6 - 7 - 8- 9.-
fi 16 120 131 145 122
EFV | 16 136 267 412 534

10 -

115

649

11 -

101

750

12-<13

22

772

First Quartile order = 772 /4 =193

136 < 193 < 267

~ First Quartile classis (7 -8)

Qj=Lj+hj/fj(nj/4 'Fj-l)

Second Quartile order= 772 /2 =386

Q: =7+1/131(193-136) = 7.457

w267 < 386 < 412

~ Second Quartile classis (8—-9)

Third Quartile order=(3 *772)/4= 579

" 534 < 579 < 649

~ Third Quartile classis ( 10 - 11)

o4

. Q,=8+1/145(386-267) = 8.821




- Q3=10+1/115 (579 -534 ) =10.391

Example ( 24 ): For the following frequency distribution table
find the Quartile.

classes

8-<10

10-<12

12 <14

lr

11

Sol.

First we had to compute the ascending cumulative frequency ...

classes 2-<4 4-<6 6-<8 8-<10 | 10-<12 | 12 <14
fi 3 5 8 11 4 9
E.V 3 8 16 27 31 40

First Quartile order = 40 /4 =10

v 8< 10 <16

~ First Quartile class is (6 — < 8)

QJ=LJ+hJ/fJ(nJ/4 'Fj-l)




Qi=6+2/8(10-8)=6.5

Second Quartile order = 40 /2 =20
16 <20 < 27

- Second Quartile classis (8—< 10)

Q,;=8+2/11(20-16)=8.72

Third Quartile order=(3*40)/4= 30
w27 <30 < 31

=~ Third Quartile class is (10 - < 12)

Q3=10+2/4(30-27)=11.5

AR



*Exercises *

Q1:Find the arithmetic mean and the Harmonic mean for the

following data:
50,52,60,59,62,63,65,54,57

Q2:The following frequency distribution set for the age of a
student's sample, find: @ the student age average @ The
Harmonic mean @ Graph the frequency polygon .

classes 6- 12- 15- 18- 24- 26-30

Freq. 30 55 80 90 66 14

Q3: For the following data, find the Quadratic mean and the
Geometric mean.

10,15,18,22,19,14,11,21*20,_19,13

Q4 : The following frequency distribution is a sample of
students’ scores , find: @ Quadratic mean for the student
score (2) Geometric mean for the student score.

classes | 10. | 20- | 30. [ 0. 50- | 60- ’ 70- | 80- | 90-100

Freq. 2 3 6 | 8 | 24 | 20 ‘ 26 | 14 10

Q5 : For the following data, find : @ The Mode @ The
Median.
2,5,3,5,25,33, 252 ,3.4, 329,36

1y




Q 6: For the following frequency distribution table, find:

(D The Mode (2) The Median.

classes

400-

420-

440-

460-

480-

500-520

Freq.

14

20

36

45

26

15

Q7 : The following frequency distribution is for a some
production factory by ( ton ), in such a day distributed by
working machines and the numbers of working hours, find
the average of the machine product.

Product classes 2. 4} 6- g. 10- - 12
Number of
working machine 4 5 6 3 2
Machine working
hours 6 5 6 4 4

1y



Chapter Five

Measgures of Variability



Chapter Five // Measures of variability :

It is often desirable to consider measures of variability
( dispersion ), as well as measures of location.

Variability addresses the issue of how spread out the
scores are rather than what the center of numbers is. Numbers
in a set can be tight and compact around their center or they can
be dispersed and spread out a long way from their center. We're
going to look at several descriptive statistics which will describe
the degree of spread in a set of numbers around their center.

Example: Here is an example of two basketball players, with
their shooting percentages.

il LW

Suppese that the Utan
Jazrz have two shooting
guards

Shooting X per game
ftof Player #1: 50, 52, 48,47, 53

Shiooting % per garne
for Playecr #2. 50.12, 58,37, 63

_.—'_'_'—\.-._‘_|—|_

—
There i something diffaront
ADCLE S Two playere’

_ shootng parcentages
-‘-‘_‘—|_

—

_|_-_-_I—F-_'_'_
Eh-l.ll

We have player #1 and player #2. Let's say they each play in

five games. In these games, player #1 shoots many shoots in
each game. His averaging about 50 percent. Player #2 his

e



averaging about 50 percent also. Each one of these players is
shooting 50% in five games. So for these five games they appear
to be about the same on the average. Player #1 his shooting
percentages have low variability, that is the scores don't vary
much around their central tendency. They're not very dispersed,
as opposed to player #2 who shows high variability. This second
person has shooting percentages that are quite varied, or
dispersed around their center.

This is a basic example of the idea of variability. This idea is
different than the notion of central tendency. Central tendency
statistics provide a set of measures that describe the center of a
set of numbers. Statistics also has a set of other measures that
we'll get into now, that describe how spread out things are from
the center, or how diverse they are. Variability is measure of
- diversity, which is an interesting thing to know about.

L

VARIABILITY MENU

COMCEFT Ul NAksaisz iy |

T e

wAl LM Tl

| s Al L Wia ] Xin
Center |

o0 * 2222 Less Spread I

o o - * (OF =¥ o ° tJore 8pread

_Qun |

%



# If all values are the same the dispersion is zero.

# If the values are homogenous and close to each other the
dispersion is small.

# If the value are so different the dispersion is large.

Measures of dispersion:

We'll concentrate on : - ~ measures of variability, the Range,
average deviation, standard deviation, variance

5—1 The Range:

i ) Find the range for ungrouped data:

The simplest measure of variability is the range. It is simply
describes the difference between the largest and the smallest
value.

R =X - Xs
Where:
R : The range.
X : the largest value.

X, : the smallest value.

v



Example @: Compute the Range for the following data.
2,5,3,8,7,10,9,12,15
Sol.
XL =15 , Xg=2

R=15-2=13

ii ) Find the Range for grouped data:

The range is the difference between the upper real limit of the
largest ( maximum) X value and the lower real limit of
the smallest { minimum ) X value.

R=U.Lic-L.Lrc
Where:

U.Lpc : Upper limit last class.

L.Lgc : Lower limit first class.

OR

Range = midpoint for the first class — midpoint for the last
class

1A



Example @: Find The Range for the following frequency
distribution table is the score of 40 student's.

" classes "|'7079 I 50-59_| 60-69 | 70-79‘"]' "80-89 ‘ 90-99 ]

Freq.JZl9|15 11'r2' 1"|

Sol.

R=U.L RGE L. L F.C

R=99-40=59 degree
OR
R = [(90+99)/2 | - [ (40+49)/2 |

R=945-445=50 degree

Properties of the range:

A Simple to calculate.
A Easy to understand.

A It neglect all values in the center and depend on the extreme

value, extreme value are dependent on sample size.
A It is not based on all observations.

A It is not amenable for further mathematic treatment.

14



Example @: Find the Range for the hemoglobin levels of 50
peoples on the following frequency distribution table.

Hemoglobin level fi ( Xi ) midpeint
12.95 — 13.95 3 13.45
13.95 - 14.95 5 14.45
14.95 — 15.95 15 15.45
15.95 - 16.95 16 16.45
16.95 - 17.95 10 17.45
17.95 - 18.95 1 18.45

Sol.

Range = Xyax = Xmin = 18.45-13.45=35

viation { Semi- Interguartile range }):

The Quartile deviation ( Q.D ) is the mean between the third
Quartile and the first Quartile for a sample of data, it's best from
the Range because it is used 50% from the data:

_0Q3—-01
Q.D——Z



Example @: Back to example (24) P.60, find the Quartile

deviation.

Sol.

_ Q03— @
Q.D -

10.391 — 7.433
Q.D= = =1.47

5 -3 Mean deviation:

i )) Find the Mean deviation for ungrouped data:

The Mean deviation ( M.D ) is a measure of dispersion
which calculate the distance between each data point
and the mean, and then finds the average of these

distances.

?zllxi_ T‘

M.D =
n

A



Example @: For the following data, find the Mean Deviation.

X;=9,8,6,5,7

Sol.
po Saxt U35 _ 4
n 5
X X:i—X |x; — |
9 2 2
8 1 1
6 -1 1
5 -2 >
7 0 0
6
M.D = Zilxin T
n

Yy



ii ) Find the Mean deviation for grouped data:

If X1y X295 cecenes , X, is a midpoint for a frequency distribution
of m classes and f;, f5, ........ £ is the frequencies', then to find
the mean deviation we had to apply the following formula:

?=1fi |xi— f|
?=1fi

M.D =

Example @: The following frequency distribution table is the
score of a group of students, compute the Mean deviation for

the student's score.

classes 0- 10- | 20- | 30- | 40- | 50- | 60- | 70- | 80- 90-100

Freq. 2 4 8 16 | 25 60 42 35 | 18 10

Sol.

vy



classes f; Xi fiX, | i — F| filxi — X|
0- 2 5 10 54.5 109
10- 4 15 60 44.5 178
20- 8 25 200 34.5 276
30- 16 35 560 24.5 392
40- 25 45 1125 145 362.5
50- 60 55 3300 4.5 270
60- 42 65 2730 5.5 231
70- 35 75 | 2625 15.5 542.5
80- 18 85 1530 25.5 459
90-100 10 95 | 950 35.5 355
sum 220 13090 | 3175

SR fixi 13090
YhLfi 0 220 59-3

f:

YR fi |xi- X 3175

=
e nfi 220

= 14.4318

Vi




5 -4 Standard deviation:

The standard deviation is the most popular and most
important measure of variability. It takes into account
all of the individuals in the distribution.

i )) Find the standard deviation for ungrouped data:

If X;,X;,...... , X, is a set of a sample (n ) and ( X ) is the mean, so
to compute the standard deviation we had to apply the following
formula:

S= /k__,_?ﬂ(. xi-%)*
! n-1

n—1

“ Yigxi=nx ,then....

n —
n-1

Or we could compute the standard deviation by the following

formula:



n 2
.2 Qh=1x0
Z?ilzlxl n

n-—1

Example @: Compute the standard deviation for the following
data:

71,25,25,54,8.3

Sol.
X (x;-%) RAEARY. X7
7.1 1.94 3.7636 50.41
2.5 -2.66 .17.0756 6.25
2.5 -2.66 7.0756 6.25
5.4 0.24 0.0576 29.16
8.3 3.14 | 9.8596 68.89
25.8 0.00 27.832 160.96
Where:
n=5 n(xi— %)2=27.832

A



o xi 25.8
2i=1 o —5.16

Il

&

Il
~
vl

n(x;— X)2 27.832
J o T = 2.6378

n-—1 5-1

Example : The following data are the weighted for 10
students, Compute the standard deviation.

X,=56,62,69,71,68,65,63,72,68,56

Sol.

E=Z—"=;1£=65 KG

i )) Find the standard deviation for ungrouped data:

Assume that Xi, X,, ......... , Xm is a midpoint for a frequency
distribution for m classes, then to compute the standard
deviation we had to apply the following formula:

iy fi (6 — %)?

n—1

v



Where:

o R
L S _ . Y=t fixi
n= i1 fi ! X = “on g1

s

1 (X fixi)?
S=JE (X fixi® - =)

n

Example @:Find the standard deviation for the following
frequency distribution table.

classes 40-49 5(-59 0)-69 70-79 $0-89 9()-99
f 2 9 15 11 2 1
Sol.

First we had to compute the midpoint for each class.

YA




Classes 40-49 50-59 H0-69 TH-T9 50-89 H)-99

sunm

T 2 9 15 11 2 ] 40
(midpoint)X; 445 54.5 64.5 74.5 84.5 94.5
fix; 89 490.5 967.5 819.5 169 94.5 2630
X;-x 21.25 -11.25 -1.25 8.75 18.75 | 28.75
(xi- %) 451.5625 | 126.5625 | 1.5625 | 76.56 | 35156 | 826.56
fi (x;- % )2 903.13 | 1139.06 | 23.44 | 842.16 | 703.12 | 826.56 | 4437.5

_ _ Zizifixi 2630
?:1 fi 40

TR Sfi(x-®F (44375 ¢
s = J L= = oo =10.667

= 65.75

Example : The following frequency distribution tables a score

for a sample of students, find the standard deviation for the

scores.

va




2

classes f; (midpoint)X; fx; fi x;
0- 2 5 10 50
10— 4 15 60 900
20 - 8 25 200 5000
30 - 16 35 560 19600
40 - 25 45 1125 50625
50 - 60 55 3300 181500
60 - 42 65 2730 177450
70 - 35 75 2625 196875
80— 18 85 1530 130050

90 -100 10 95 950 90250

£ pazall 220 13090 852300

V o £ (E, fixi)?
= i fixs e —)

-

220-1

1

(852300 -

=18.313

(13090 )2 )




Properties of standard deviation:

1- S >0, that's mean the value of standard deviation is always

positive and it's zero in special case.
2- If (a)isaconstantand y;=aXx; then
Sy . |a| Sy

3- Adding a constant ( a ) to each score in the distribution will

not change the standard deviation:

yi= a + X then Sy =S«

5 -5 The Variance:

The variance is the average of the squared differences
between each data value and the mean, and it's computed as
follows:

i )) For ungrouped data:

If X;,X,,...... ,X, is a set of a sample (n ) and ( x ) is the mean,

then to compute the variance:

n =\2
2 (= (X'—X)
= ELTL T a1

n—1

AN



1 (Zhqxi)?
§?= 1 (Z}leiz = —1—) 9

n

Example @: Find the variance for the following age students

sample.
8,9,7,6.5
Sol.
B X 8+9+7+6+5 35
x= n 5 5 2l
X Xj- ¥ (X -%)*
8 1 1
9 / 2 4
7 0 0
6 -1 1
5 -2 4
35 0 10

1 . 1
S* = ;_—12?=1(xi—x)2 S (10) = 2.5

AY



ii )) Find the Variance For grouped data:

Assume that X, X3, ..cccee. , Xm is a midpoint for a frequency
distribution for m classes, then to compute the variance we had

to apply the following formula:

1 —
Sz:n_—]_. Z?zlfi(xi_ x)z R 9

n

?=_L1 ( nfox2e (2?=1fixi)2) 0o
— (X

Example (12): Compute the variance for the following students

Score.

classes 40-49 50-59 60-69 70-79 80-89 90-99

fi 2 9 15 11 2 1

Sol.

AY



classes 40-49 50-59 60-649 T0-7T9 R-8Y 9(-99
ir. 2 9 15 11 2 1
X 44.5 54.5 64.5 74.5 84.5 94.5
fix; 89 490.5 967.5 819.5 169 94.5
X-X -21.25 -11.25 -1.25 8.75 18.75 28.75
(x-%)2 | 451.5625 | 126.5625 | 1.5625 | 76.56 | 351.56 | 826.56
fi(x-%)2 | 903.13 | 1139.06 | 23.44 | 842.16 | 703.12 | 826.56
Where the arithmetic mean is :
x = Zfex 2680 _ g g5
n 40

And the Variance is

1 LI 1 _ ’
Sz’:n—_z ?=1fi(xi—X)2:m(4‘437.5):113.78

5 -6 Coefficient of Variation (C.V):

* Measure of Relative Variation

*Always in percentage ( % )

*Shows Variation Relative to Mean

Used to Compare two or more sets of data Measured
in Different units

Af




C.vV

|«

.100%

Example: Suppose that, the average of a score for a sample of
students in mathematic exam is 69 with standard deviation
19.3, and the average in statistic exam is 75 with standard

deviation 25.5, in which exam the students has the GREATER
VARIBILITY?

Sol.

The coefficient of variation quickly provides the answer:

C.V(stat) =22 100 =34%

C.V(math) =>.100 = 28 %

From these calculations, it is immediately obvious that
spread of scores in mathematics is greater than statistic.



*Exercises *

Q1:Find the: @ Range @ Mean deviation @ Standard
deviation @ The Variance, for the following data:

6,3,5,5,9,4,6,7,1,2,4,8

Q2 : The following frequency distribution is the weighted of 50
students’, find : @ the Range @ Mean deviation @ Standard
deviation @ The Variance for the students weight.

Weighted | S8-60 | 61-63 | 64-66 | 67-69 | 70—-72 | 73-75
classes

Number of 2 7 14 15 8 4
students

Q3 : The following table is a research on 5 persons , to find the
weight or the measures of the lengths has the GREATER
VARIBILITY?

Sequence of people 1 2 3 4 5
The weighted
65
in (Kg) 67 65 59 69
The length
In(cm) 158 165 155 162 164

A1




Q4: The following frequency distribution is the age of a sample
of people, find : (D) the Range (2) the Mean deviation (the
Standard deviation @ The Variance.

classes 20- 30- 40- 50- 60- 70- | 80-90

fr. 13 61 120 133 120 51 2

AY
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¢ galdil 9
n _ n!
S r'(n—-r)!

=91/ 51(9-5)1 =91/ 5! * 41 =126

i Badlgilly Justidl) o

By Glall gadsl diaalt okl 230 gy 0 ga By Gulal) pegl LiSaall gkl sse oS 1Y ~1
(n+ o E, E; cuslall peigl diaal) 5kl aoe ol oldlite oo By 9By olgcm gp

ot 2 (ham) - @kl gam)
- :, ] ¥ 4 1 ¥ | 7 = Y
{ b [ - q." i ll.i dT:l"|“'-\'l.~| 'Iln _| _f.'l g .: \ I'"'\-.I“"" .II .-J'/) -~ o~ . r—»5 ;,.;Cg_}l s (,,QDJ/Q“)\Q,A":B CP Lﬁ
L b’ L5 i o L 4~ =
C ,'k"..u"- | sl PAe Y s O sy gmen LY a3

Ao olg Ay 13 st of ey (0 liad) ) dByg ol By 52 ga canlll gl aae : e
Gkl s old qalll ghol o Lilgde A8y 9 qua dind Loy 43,0 13 daal of ey (9 i) )

1026 = 13 + 13 = il fetind sy dced

=
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m o E; gedgl LiSaadl gohll 23e ol N oa E; dulall geigl AiCaall 5 kll aae oS 1Y) -2
(nm) s E; 5 E; olslall geigl LSl 5kl s olh oMiiua (lisls E, 5 E; oSy

.okl o
@AYl ((in ) @S Laalaal o) Guay caalll gl of A gana cra U9 i 13 3 Nha
i Jaddiyh 169 =13 * 13 allia i ()

Guny S 5 sl ofay Aiyyh s plian 2 golagud 9 shen S 6 4 Geaia ;Y
Toligw 2 9 phaa lgda 3 s

Cg = 20 & shea @€ 3 L) gub o S
C3=6  ssuuis2 bl ghae

Cg Cg' = 20*6=120 S sliom2 g shas Gl 3 lday gkl ae o

: Measuring of Probability JlaiaN)  wld 7 - 8

o ontiala poby ey Adf (of ) Aadlinall g ﬁa\zh;?g.u.\a.;@g\ Oy Aglas i ) Gagdl -
1S o Sy Lo b Tl A o g Ankih a) i 3 e (Algladl) il saly o 3 A
m o) Gl n g sadl 13 o Gadly Jsedl) o Rl udl AL ) (e o) s (Sl
& iy E gy Jlaia) ol Maie ¢ B oSa Adme Aisla pigl AiSea m < 0 ocyLY i o

1Y) sadll

~ _y

—_— e Ta

cy s

Probability (E) = Pr (E) = E 05 fans) ‘c\:a;‘
| E 3 ey

P=m/n

il A Nl ey s N s Ak Mo sy ol Oy dan B ol @A ey

Pr(E) & (E) cual G Jaia] ofb 1igag ¢ el 8 Ayl Gl lg]
Y



Pr(E)=m/n=5

g paad Litaall ciflall s ¢f . B Laladl zlad Jaial 4 slha TE (P ) Jlaa¥l of
: 98 E pdganr Jlaal ol Mvicg n=m o E Lsal

q= (n-m)/n

ol Aoy B Aalal) Jb Jlaaly 4de alhate L

o oSady non — negative quantities ddlu & clSq g p e IS O -1
PO (e 1dag dalel oo Lgda of Lad
0<P<l1 s 0=sqgx<1

Jlaia) gale et Jia ) cpdall (32530 ) E &halad) of Lisy i Pr(E) =1 oS 13 -2
(Nal o Yale La lagy paid (of 8185 550 43 salsll glusa Jlaial 138 ¢f Tla Lagy il 3L

Jlaial sale et Jlia ) goigl ((Alaiwa )) E Zslal) ¢ff ny i Pr(E) =0 olsiy -3
(el gluia Jlaiall 13 o) qdaly § Jaadl g Al Gl Gadd g O

0 <Pr(E)<1 o ¢l (0,1 )55 4 e E Lslall gy Jlaia) b ale ey —4

Oa oSl E gelgl AiCeal) ciflall aae of g A3 Pr (E) > 35 cuils 13 43 Jil oSy 4yl
E goigl LiSaddl clall 330 of Fay B Pr (E) <16 cils 1) a8 (el ate e s
ey are N 2 G B

E goigl LiSadll el ase o Jlall dapdsy ey E- Z3aladl g Jlaia) S of s ¢f =5
Aabiall 408 el s oy



AB Lilall LiCaall cflal) sse oils <N dayl b aall Gand lead 4061 aNlal 2ae o 2 Jad)
:98 AB Gadddl 13 a3 il 5% of Jlatia) ol 4deg Baals s (A

Pr(AB) = 1/4=0.25

1,1
2,1
3.1
4,1
5.1

6,1

1,2
2,2
3,2
4,2
5,2

6,2

.6@3@93§QAJ95‘—]E-

1,3 1.4 1,5

2,3

3,3

4,3

5.3

6,3

2.4
3.4
4.4
5.4

6.4

2,5
k3
4,5
5,5

6.5

t ol Cugagl o DI gaana (o of Jaial galacdaaly 8xa 5 DA ooy :(2) (Jlha

§oadil=D- 7 MskurB 9 N slua— A

1,6

2,6

3.6

4,6

5,6

6,6

t il L) oy die ALK eBlal cpa @M N Joadl ¢y o gl diagy : Jall

lla 36 & diSaall LS el s o gulsl) e

: Q@@JQY\A&J@ 9&\9@2@\&@@@\ laall aaY o) - A

Pr(E=9)=4/36=0.111

Pr(E=7)=6/36=0.167

Pr(E<8)=21/36=0.583

P oMb Aoy Ve i (A T () gle B poana b (i AiSadl) Y - B

P ol Aoy 21 g Al e JBgsanall b 008y A el 2 of = DD

P oldde 26 98 6 sl of (e st gaanal) b 68y AN Nl 2 — E



Pr(E >6)=26/36=0.722
: b

T e S EME copial cplag (uadg sliay day s el Lgde GG 312 L& G5y (G 9dia
:0est of Juaial ke o Alsde JSdy 3 gaiall

shan Lgda 0ulil 4= plagw Wapaa —3- sldan G —2- shea s —1-
plagu Ldllg Ly Baaly —5— sl @AV

D oA (agalall 13 cpe S EME LaAY A0 adlall sae o) @ Jall

12 12!
Cy” = = 220
3 31(12-3)!
: 6A plpan Byl EDEN sl ST oY AiCaall el sae —1-
c3ct g =1
D oA slpaa AN st a8t of Jlatal o

Pr (3 balls are red ) = 1 /220 = 0.0045
: o ¢ liay bjlidall EDEN el <l 0685 oY di<aall el a1 e —2~

€5 €5 €G-

Pr (3balls are white )= 4/220 = 0.0182 oh slaw EOUEN ch <l o8 o Jlatal o
: oh oldgw Byl all EDEN )<l oo oY Aikaall eVl a3 =3 -

c3 ¢} c2-10

Pr( 3balls are black ) = 10/220 = 0.045 198 o lagum EDUN &Y o8t o) Jlaial
ey Ll ehhan Lgda OisS 9SS oY AiCaall el e —4-

¢3¢t cg-12

: 68 plaay AN ehpaa o S LA ¢ 585 o Jladal o
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Pr(2 red balls and the other white) = 12 / 220 = 0.055
D oA shigw A8y pliay 38 eS8 oY AiSaall el 2 —5-
c3 ¢t ¢ =40
o ol ABillg pliay 5,8 SUUIA oSt of Jladal o

Pr( one white ball and the others black ) = 40/220 = 0.182

General rules in probability theory  cNldayi 4,85 8 dale sl 9 — 8

: The addition rule  aaalf 3o : Y4

Jlaial o daie A Alglan B bl s By ¢ By o) il dijpall (685 Losie|

Pr(ElorE2)=Pr(E1)+Pr(E2)

Maie (i glas b Ldlall duleal) ga K Jiad By, e, » By, By clls il ale Jedy
2 ‘éi ¢ Galgall pda cilatial aan Juala Siay Ey ... . S Ey ol B Gigaa Jlaial o\

Pr(EjorEyor ... or Ec)= Y, Pr (E)

dagl gl 3 LA s Jray o1 Ansl jegdd Jlaia) ¢ guidaly ¢ 4N ) (pay At Sl ; (Je
Do 6 LM s A of 5 LA sse Jeay g3

Pr(3or50r6)=Pr(3)+Pr(5)+Pr(6)=1/6+1/6+1/6

= 3/6 = 0.5 d8lne Eajsall sl ) Witk
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. 0 diall p& Cdia
Pr(AorBorAB)=Pr(A)+Pr(B)+Pr(AB)
=1/4 + 1/4+1/4=3/4=0.75

Or Pr(AorBorAB)=1-Pr(0)=1-1/4=3/4=0.75

s Ldlite 8 Gufealdl o 4S Ledde — o
E, o Ep gy Juial ol ke dime Aslaa (B laa gl aiaa opfisa B, o E; osal
: ol an Lagsgly Jlaial @lld o lag e B oy Jlial o E; gy Jlaial gan Juala g2

Pr(E,orE,)=Pr(E;)+Pr(E,)-Pr(EE)

oaBlall o8 Jladaf ofs 0.52 sb aul Juad alf dal A jhall hghw Jlaial ¢f cuale 1) ; (Ya
O Jlaial sala ¢ 0.18 A hbgT@M\;M&H‘&;SdLﬂ;) Qp0363bwaﬁm
b gl Guadia Gudlall ¢ oS

Ciadia Guilal) 58 Bl Jias Ej s ¢ agall U3 b aall gho Lls Jias By o Gagdll s Ja
sl Qb B

~ Pr(EjorE,)=Pr(E )+Pr(E,) -Pr(EE,)

=0.52 +0.36 -0.18 = 0.70

. The multiplication rule wall 3a_ctd : Lils

Eigaa Jlada) olb duie (il it By g By oS8l 0l Efgalf (5950 Latis-
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: ool Ep 5 E
Pr(E, and E; ) = Pr(E; ) . Pr(E,)

Eajeal) o3 oy Ama Aglaal Cusfgall 0 K Jiad By oo ,Ey, By clls 1¥ ale Jedy
o e Lgdigaa Jlaial old diie ¢ Lgudany oo Al

Pr(E,and E;and ....... and E, ) = [[%,Pr(E;)

Aadaill 5 a Jaay s I Aagl) uogh Jid By o) padly Abiina 4985 akad ey dijad Jali ;s
Al Ladall A0S Jaay o3 dasll oeh Jidi B, ol o oY)

Abga 1sgh Juia) ¢l 4te < 0.5 4 B, Ll gy 0.5 o E; Jua) ol gesly ¢ Jal
:op A0 dakadl) B A0y oY) dakidl)

Pr(E;and E, ) =Pr (E).Pr(E;)=0.5*0.5=0.25

e alall o Wil

: Conditional events  dhg, o Cufeadf oS latie — o

¢ By dBalal) g hag pia sy w&i Eaa B, oly Ama Aglaa ga dala E; o<l
5933 Jladal uﬂ E, gg'é\g Jlada) cipa Jualad ;9l_u.A aaly o ‘_‘A Saiatad) &933 Jlaial o8 Maie
[Pr(EyE;)] JSALE; gess dhgpiall By gody Jladal¥ Japg ¢ By goliss dagiiall E,

s ol Maieg

Pr(E andE; ) =Pr(E,.E,)=Pr(E).Pr(EJE,) {of

S PPN Y
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Pr(Ez/El) = Pr(El.Ez)/Pr(El) ( El HA\AJ\ &93\9:1 b\”“‘ E2 15.:1.:.\\ &333 dm&‘ )
2 o\d kg

Pr (EI/EZ ) = Pr(El.:Ez)/Pr(Ez) ( E2 a:\éb.“ &93\95 hj)ﬁuﬁn El :\.ﬁéh.!\ &333 JLA:\A‘ )

LA (s 1o DA poana 000 off (B Jiats Lisla By o8y L3 () ooy L el ;e
Loa ¢ 2 Wass bl Jaay ouail aal 43 0 of (B S B, Lslal) ol 6 A sl
’ L Ey Gasall gy g ydall By Gigaa Jladal

Do Yl uad A By Gigaat LiCaal) cilall a3e o gl il
(L5)(51).(2.4),(4,2),(3.3)

36 =341 @A) ray die S el 2
LY caliag [ Leal) eNlal 3 = Ep &ygaa Jlaiial -
» Pr(E; )=5/36

(2,4) Lid cpilla o8 6 N gl poanall (o8 Suag By &ygant LiCaall elalt sae of
J ioh e By By digaa Jlial olb sk « (4,2)
\

Pr(E;.E)=2/36
PRI CE; Gygaag g smiia By Gigaa Jlaia) ol ads

Pr(Ey/ E;)=Pr (Ey.Ey)/Pr(Ej)=(2/36)/(5/36)=2/5=0.4
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Some Probability distribution llaiay) culayigill (s 10 -8

g Al Zalgl a0l (sianys Amild AikiSy JLia¥! o sgda Ailudl cidl b Liawiad
il b a8 Aatlal AaiaY | eyl il Gand Biaga Aulpd I (b Cigw S8 038 3
Sualdil) B Jedall 008 e aaist JS b e I o Atlaat

The Binomial distribution _ ;uiall e oies : Sl

O il o) Gay o oS Alitual) cilglaall (e Cma Sdmy WISE oiay At dlia o Gl
gl Jlaial Jiay P o) ity clglid of Aglaall zlad Lan L opii€an cpingtly Jiaki Aglaa
daalill cilglaall g X o Jomaall Jlaial olb didie (Lgldd Jlial Siay q = 1-p by Lglaall

:ob ciglaall o3a Maal g (X < n)
Pr(X)=Ctp'q"™ e X =07, 4. ,n
(Al cifglaall 1) pady ) X akiiall goll e (ol e A ol g liiu Y1 138 cha Badly

X el Adaial) ALl Afay cips Aot o2 P (X) (A sdall 138 ¥y A dlling

) aibe WE s puaall el a3 g8 anls D 538 iwis  Probability mass function
lodall A1 ol i (JSAy odle] Uiyl Aoua cass < X ~ b(,P) JSA, st V]
D) Jeal dal Aty Anst Ay cils ) cuaad) o3 ayiel 3o £iel X

0 other wise

q=1-p gy 0<p<1 L&
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P sl \ige dualdd) uylBall g Cpm (A Jgaad

dauall (ulball
e = NP S sl 1 8 X 4l oluall b -1
o’ = npq S il 138 B X Al el =2
ox = Jnpq A il 13 (B X Al o biall Cif iVl -3
r Al sailad

.Single valued function 4ol saag dla L) —1
LOSPR(X) <TG gab Diase A g3 -2

canlsll glana ¢y o g X gaSall b ABS, A5 0al (Allaia¥) Sl ) LMaiaN) o) gsana =3

:CJ‘L'S;

-

S7o CRPY g% -1

tleaac x~b(5,0.8) o padl ;e
X G pamLf Adlaay Ael A -1

X 3 Allaiay) e A oy 2

- X 3 olilly abead) ol qilua -3

Pr(x>2) , Pr(x<4) , Pr(x=2) , Pr(x=5) -4
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AN
D X o) Adtaay) A s (1Y X ~b (5,0.8) ol -1
P (x) = C3(0.8)*(0.2)5~*
x=0,1,2,3,4,5 & Lo X ad apgiu Aall 038 gy g2l -2
P(x=0) = C3 0.8° 0.2°7° = 0.00032
P(x=1) = €3 0.810.2°"! =0.0064
P(x=2) = €3 0.8% 0.2°% = 0.0512
P(x=3) = €30.8%0.2573 = 0.2048
P(x=4) = C; 0.8* 0.2°* = 0.409

P(x=5) = €2 0.85 0.257° = 0.327

s Jeddl A rdaga Lasg (X, P(X) ) bl cildifaa ¢ of

P(x)

P

VY



Px=np=5*0.8=4 -3
o =npq=5*0.8*02=0.8
o) Badl ) Jgad) 50 —4
Pr(X=5)=P(5)=0.3276
Pr=(X=2)=P(2)=0.0512
Pr(X<4)=P(0)+P(1) + P(2) + P(3) + P(4)
=1-Pr(x=5)=1-0.32768 = 0.67232

Pr (x>2)=P(3) + P(4) + P(5) = 0.94208

Poisson_distribution Comle aaig s Ll

13 Jiagg . Asilaal) el B 8y0S Lnaal cfd adadiall culagiil) (o daly & gualsy gish iy
L) Taa hba P Uglaall zlad Jlaiad o8y Latie cpandl o s o duald A 5
st Gy NP ) Gy (00 G oty LT TS 0 cilglaall s iy (bl 0 Gy

O T 2358 98 Crsmlsy @t OB g At odn (Blgs dnle ¢ A e gl sae gad ESAD ¢pula )

X —‘f\ :Q\ ‘g‘c@u\ ‘é:\@..jﬂ
npX N-x A ¢
(.\m CXF q -~ X ) D X:OC‘( 2( ~—— o
Poo
N —>x0

b siiall 138 A0y Ay dliling X adiile flsde e dllia of z GEu! 134 ¢ Badly

A% E.'-*ﬂ
x!
.Z\L)L'\J\ Y glaall e X u.b Jdsaall

Juial oo yad Gillg ¢ gmler gist Ay pay ips Dol ¢ P (X)) =

YA
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Al il 13g? Ldlaiay) At Qs cils 131 oy sualss goaiss A (39 £36% X (Hpmdial) ysical) o

;A Jea
X = =
A ,x=0,1,2, .........
x!
P(x) = 4 \
0 other wise
\ J
= o) &
e =2.71828 A0

Joali Afah oda ¢ . A Aagd yaad MR e meill Gasduil alyg ¢ X ~Po (1) ol
P ols dunga Al Lgdly Laflll Saimp A8 LeSes Gua o cpand) o3 a6t Ay patbad (adly

AxX g2

sE Mg

x!

88y uali et cla pa Jalathy 4dsS 5L Caafoadl aii dsandd gaiail) 138 o allagle L2
02 O () Joaadl L cithall gl aslsa ) s o an Spsiua Alglaall plad Jlaial o
sl 1igs Laldll Guliall

&l bl =
A S sl 1 B X adlt buad) gl -1
A S il 13 A X Al el ~2

Va 90 il 13 8 X Al o jleall Cifatiyl -3
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(Omra gaa wlas daly gadld ditia yadd 1000 dsuywu\@mqah;j : e
D AlA ad i 2000 o e o Jial sabe

coayall 1l aubaa gatadl 335 -1
sl 13 Omlan Guadd e it -2
((Comulss i padiaad S cilglaall a0 oy laa yiua Uglaall zlad Jlaial ¢ Ll ) : Jadl

X dylual Jlaial b dte ¢ (Aglaall zlad Jlaiat ) 0.001 sa (ayall Vigy Abal) Jlatial ¢

P b paall gy padd

AX e~}
P x!
A=np=2000* 0.001 =2 s

p 52 syl 13 cuibas galddl NG Al o Jladal -1

P(x=3)="—— =0.18045
t9h gl gy Galiaa Omadd e il ygag Jlaial —2
Pr(x>2)=1-Pr(x<2) = 1- [P(0) + P(1) + P(2) ]

=1-0.67668 = 0.32332

fo gosilh 138 A w6 ¢ty (bl sl aa « X ~ PO (3) of cuale 13 e
Pr(x=2) , Pr(1<x<3) , Pr(x<2) 1Ay ey laiay! cilbua

A=3 gldua : Jal



P ()= x!
Px=A=3 @ o X pdl sl gl
ox2=A=3 G o X aBols e
) el Jasd il 13 s aaay
X: 0 1 2 3 4 5 6 7 8
P(x): 0.05 0.15 0.22 0.22 0.17 0.1 0.05 0.03 0.01 ...
Where P(x=0 ) = 1”:!‘ = 3008!_3 = (2_71:1333 = 20.01855 =0.05
P(x=1)-= 311f—3 = (2.71:;28)3 S#-15
P(x=2)= 32;_3 g Z*(Tgim)g= 0.22
P(x=3) = 333T_3 = [3-2«:}*2{1.?1333} =0.22

..... Ul A auy W e ST o= 8 ) (X ) hiiall JaliS (g ganll oy 18R

P Jeal B mdaga WS (X, P(X) ) Bl clflaal cms ol o

AR



P(x)

0.25

0.2
0.15 .
| * P(x)|

0.1

0.05

Pr(1=x<3) =p(1) + p(2) + P(3)

3lg—3 32 g3 33 73
o7 +- 0 + - = 0.59

Pr(x<2)=p(0)+p(1)*+p2)

30 g3 31 g3 323
= = + T + 1 = 042

. The Normal distribution bl ajgill : [l

O Gun dgilasl 4y i (3 aladsu) dadlall Adlaiad) cilayjgill aaf g asdall a5l sy
Bpausall Ldlaiad) clay3sill oo shs caisil) 130 (ghg dllud Lmglall aehalt Le

gl 1gt Aflaianyt dllall <l 13 aa 23365 03 o8 (X ) alaall ladiall judiall o) QU

1 (__1(_)2)
= 2 - <x <
f(x) 3 e o 00 <X <00
0<g<o . —oo<[t<oo
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e=2.71828 , w=3.14159 i d&sa

alay s ¢ X adl gjbeall eyl 0 cauisill b (X ) agl lead) g S5 p ¢
O i M X~ N (p, %) musil i o Ayatt 91 Jsil el aiile Tiley st
&g ¢ (07) ol oy (1) 2 bauuss (N) o gid A3 3y ((~ ) el X ysial
el Loy el o cuag Lt Ztlasiad Ao o agsnth 138 Ao o
Las Saaly Lo e (X) (B Ldageall X a8 0o 4 o duinile (of Aol Sy Al F(x) o) -1
. f(x) 3

Aaga ‘a‘ Il X Aad cuils Laga Ladly Liaga 4la f(x) o -2

t o ol caaly gt (= 00,00 ) Bl e F(X) Adall ade ot dalwall of -3

Yy



	منهج بحث ف 1,2,3 - areaj Sm
	منهج بحث ف 4 - areaj Sm
	منهج بحث ف 5,6,7 - areaj Sm
	منهج بحث ف 8 - areaj Sm



