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QUADRATIC EQUATIONS

Any equation of the form ax? + bx + ¢ = 0 is called a quadratic equation and the values of x,
which satisfy the equation, are called roots.

Solution of a quadratic equation that factorizes

Example
1. Find the roots of the equation x2—5x+6 =0

Solution

x2—-2x-3x+6=0

x(x—2)—-3(x—2)=0

(x—2)(x—3)=0 Eitherx—2=0x=2 orx—3=0,x=3

Solution of a quadratic equation that does not factorijze
By completing the square
This method uses the expansion (x + b)? = x? + 2bx + b2. Itis important to note that the last
term b2, is the square of half the coefficient of x, (2b).

Examples

1. Find the roots of the equation 2x2 —5x +1 =0
Solution
Dividing through by 2 gives;

5 1
¥2—=x+==0

25772

5 1
22 _ _ 2
Y TrE Ty

Adding the square of half the coefficient of x to both sides of the equation;

2_8 (52__1 (5)2
x 2x+ 4) - 2+4

4 5 2 16
(-
2
(-3 = &
x 5_‘%_7
x = ST ax= 2281 Orx= 0219

2. Solve2x? —6x+4=0
Solution
2x2—6x+4=0
x2—-3x+2=0
x%=3x=-2
Adding the square of half the coefficient of x to each side of the equation



3 1

XxX—===*-

2 2
3+1

x== x=20rx=1

3. Solvex?+3x—1=0
Solution
¥ +3x=1
Adding the square of half the coefficient of x to each side of the equation gives;

2 2
2 3\ 2 3
430+ () =1+ (3
(x+3)?2=2

3 Viz o V13-3 —V13-3
x+5=i7glvmgx= > orx=—

x =030 or —3.30
Note: The method of completing the square, used to solve ax? + bx + ¢ = 0 can also be used to
find the maximum of minimum value of the expression ax? + bx + c.
For example, consider the expression x? + 3x + 4

2 2
2 — 52 3\ _ (3
x*+3x+4=x +3x+(2) (2) +4
N2, 7
=(x+3) +3
3\?2 , , 3\2
Now (x + E) cannot be negative for any value of x, i.e. (x + 5) >0
Thus x2 + 3x + 4 is always positive and will have a minimum value ofi when x +; = 0,ie when
3

xX=—=
2

Example
Find the maximum value of 5 — 2x — 4x?

Solution
Let’s first rewrite 5 — 2x — 4x%2 = —4x% —2x + 5

= —4(x2 +%x)+5

=—4(x2+%x+%)+%+5

SRERE

ey
Now(x+i)2 =0

. 21 1
Thus 5 — 2x — 4x2 has a maximum value of: whenx = — "



IN GENERAL
For a quadratic equation ax? + bx + ¢ = 0, the roots can be obtained from the formula;

_ —bitvbZ-dac
x= 2a
Example
Solve x2+3x—-1=0
Solution
Comparing with the general equation ax?+bx+c=0a=1b=3,c= -1
Substituting in the formula
X = —b+Vb2—4ac
2a
_ —3+V3Tax1-1
*= 2x1
—3+/9+2
r=T
=2 gy =2y = 030,x = —330

ROOTS OF QUADRATIC EQUATIONS
If the equation ax? + bx + ¢ = 0 has roots @ and f3, then its equivalent equation will be;
(x—a)(x—B)=0 ,asit gives x=a orx=p
xz—ﬁx—ax+a,8=x2+§x+§
Cc

x2—(a+pB)x+af =x2+§x+;
By comparing the coef ficients on both sides, we obtain
b [4
a+ﬁ_—§ and aﬂ—;
Hence the equation ax? + bx + ¢ = 0 can be written in the form;
x% — (Sum of roots)x + (product of roots) = 0

Example
1. Write down the sum and product of the roots of the following equations;
(3x*—2x-7=0 (i) 5x* +11x+3=0 (i) 2x*+x—7=0
Solution

i x2-2x-I=0 ;sum of roots =— —2) =2 and product of roots= —~
3 3 3 3 P 3

" 11 3 11 3
iy x*+ TXxts= 0; sum of roots === and product of roots = 5

1 7 1 7
(i)  x%+ SX—35= 0; sum of roots =5 and product of roots = -3

2. Find the equation whose roots are % and — %

Solution

Sum of roots = > + (— l) =2 and product of roots = 2x (— 1) =2
4 2/ T4 4 2 8

The equation is in the form  x2 — (Sum of roots)x + (product of roots) =0

Qs () -0

8x?—-2x—-3=0



3. Find the equations whose roots are i and —i

Solution
1 1 1 143 1
Sum ofroots ==+ —-=-—--=—=—
3 4 3 4 12 12
1 1 1
Productofroots ==X —= = — =
3 4 12

The equation is in the form  x? — (Sum of roots)x + (product of roots) =0

= (G)r+ () =0
12%2—x—1=0

4. The roots of the equation 3x? + 4x — 5 = 0 are a and B, find the values of;
. 1,1 N2 2
(i) -+ 7 (iDa*+p

Solution
4 5
0{+ﬁ——§ aﬁ——g
—4
i 1,1 _a4f_5 _ 4, _3_1%
(l) a B ap =T 3 5 5

“|

(i)  From (a+ B)? = (a+ B)(a + B) = a? + 2ap + ?
a?+p? =(a+p)?*—2ap
_a\2 _
=) -2(3)

_ 16 | 10 _ 16+30

9 3 9

1
=5

5. The roots of the equation 2x2 — 7x + 4 = 0 are a and B.Find the equation

a
whose roots are 3 and E.
a

Solution

From the given equation, sum of roots, a + f = % and product of roots aff = 2

7\2 49
For the new roots, sum = +E:a2+ﬁ2 = (atf)* ~2ap = (5) - = (T)_4 =3
’ g a af af 2 2 8

=1

a

=

Product of new roots, % X
The equation is given by x? — (Sum of roots)x + (product of roots) = 0
2 _ 33 —
Xt —gxt 1=0

8x2—-33x+8=0

6. Find the values of k if the roots of the equation 3x% + 5x — k =0 differ by 2
Solution
Let oneroot be a, then the other will be a + 2

Sumofrootsa+a+2=—§, 20{:—%—2 = a:—%

k k
Product of roots a(a + 2) = -3 a?+2a = =3 e wEE

Substituting for « in equation xx* gives;

() +2(3)=-4



36 6 3
121-132 _ &

121 22  k

11 .4 11
-, ——=—-= ~k=—
36 3 36 3

T 12

7. If one of the roots of the equation 27x% + bx + 8 = 0 is the square of the other, find b.
Solution

Let one root be a, then the other will be a?, then;
Sum of roots @ + a? = — 2

TR (i) and product of roots a X a? = % U (1))

ad = (5) hence o = % Which we substitute in equation (i) to find b;

2+(2)2__ b
3 3/ T 27
2 4 b
===
39 27
10 b

9 27

The discriminant

The value of the expression (b? — 4ac) will determine the nature of the roots of the quadratic

equation ax? + bx + ¢ = 0 and itis called discriminant i.e. it discriminates between the roots of
the equation.

For;
(i)Two real roots, b% —4ac >0

(ii) Repeated or equal roots b? — 4ac = 0
(iii) No real roots, b% — 4ac < 0

Example
Given that the equation

(5a + 1)x? — 8ax + 3a = 0 has equal roots , find the possible values of a
Solution

We identify a, b and c from the above equation and then apply the condition for equal roots
a=(5a+1) ,b=—8a andc = 3a

For equal roots, b? — 4ac=0
(—8a)? — 4(5a + 1)(3a)=0
64a?> —12a(5a+1) =0
64a®> — 60a> —12a =0
4a? —12a =0
4a(a—3)=0

Either4a=0 or a—3=0 ca=00ra=3

Trial questions
1. State (i) the sum (ii) the product of the roots of each of the following equations
(@x?+9%x+4=0 (b)x?—=7x+2=0 ()2x>—=7x+1=0 (d)3x*?+10x—2=0
[Ans:a)-9,4 (b) 2,-5(c)7/2,1/2 (d) -10/3,-2/3]



2. In each part of this question, you are given the sum and product of the roots of a quadratic.
Find the quadratic equation in the form ax? + bx + ¢ =0

a b c D e f g
sum -3 6 7 -2/3 |-5/2 |-3/4 |[-1/4
Product | -1 -4 5 |-7/3 |-2 -5 -1/3

[Ans:(a)x2+3x—1=0 (b)x2—6x—4=0 (c)x*—7x—5=0 (d)3x2+2x—7=10
(e)x?+5x—4=0(f)2x>+3x—10=0 (g) 12x> +3x—4=10]
3. Ifa,f are the roots of the equation 3x2 — x — 1 = 0,form the equations whose roots are;
O 2a2p (D) o p? (i) % ((Wa+1,8+1

[Ans: ()3x% —2x—4=0 (i)9x?> —7x+1=0(i)x*+x—3=0(iv)3x>—7x+3=0]

4. One of the roots of the equation ax? + bx + ¢ = 0 s three times the other .Show that
3b* — 16ac = 0

5. Ifthe roots of the equation 2x? — 7x + 1 = 0 are a and f.find the quadratic equation
whose roots areO£—12 and % [Ans: x2+45x+4=0 ]

6. Given that a and g are the roots of the quadratic equation 3x*> —x —5 = 0. Form the

equation whose roots are 2a —% and 2f3 —% [Ans:15x2 — 13x — 169 =0 ]

7. One root of the equation 2x% — x + ¢ = 0 is twice the other .Find the value of [Ans:c:é]
8. Find the value of k for which the equation 4(x — 1)(x — 2) = k has roots which differ by 2
[Ans:k=3]
9. Ifthe roots of the equation x> + px + 7 = 0 are a and B. Find the possible values of p
[Ans: p= 16 ]
10. Find the quadratic equation, which has the difference of its roots equal to 2 and the
difference of the squares of its roots equal to 5. [Ans: 16x2 — 40x + 9 = 0]
11. Each of the following expressions has a maximum or minimum value for all real values
Find (i) which it is, maximum or minimum, (ii) its value, (iii) the value of x
()x2+4x -3 [Ans: (i) min (i) -7 (ii) -2 ]
(b)2x? +3x+1  [Ans: (i) min (ii) —3 (i) == ]
(x?—6x+1 [Ans: (i) min (ii) -8 (ii) 3 ]
(d)3 — 2x — x? [Ans: (i) max (i) 4 (i) -1 ]
(e) 5+ 2x — x? [Ans: () max (i) 6 (i) 1 ]



MATRICES
A matrix is a rectangular array of numbers called elements or entries. Information can
conveniently be presented as an array of rows and columns.

Order of a matrix

The order of a matrix gives the format of how a matrix should be written. It is always in the form
m X n where m is the number of rows and n is the number of columns in the matrix. For example
(i) A 2 X 2 matrix
In this matrix the number of rows is 2 and the columns are also 2 i.e.
G D€

-3 4/ \¢ d
(i) A3 X 3 matrix
In this matrix the number of rows is 3 and the columns are also 3 i.e.

3 1 0 a b c
1 9 2 g h i

Note: Other matrices of different order are possibleie. 1x2,2x1,1x3,3x1,2x 3,3 X 2,e.t.c.

Operations on matrices
Addition and Subtraction
Two or more matrices can be added if they have the same order i.e. the number of rows and
columns in the first matrix must be equal to the number of rows and columns in the second
matrix.
Examples

b
L@ G =0y )
2 (3 J+(0 D=050" 20)=(5 )
G A )G o H=G B N6 S D)
(

5 -1 -1
¢ D 155 a7h)

Q

5 (32 é) ( ' 23):(3—2—(} 10—23) :(—42 —42)
-1 6—0 3—-1 6 4
6 ( ) ( 1)=<1_8 2_1>=(_7 3>
0 1-3 0-0 -2 0
Multiplication of matrices
Scalar multiplication

This is the type of multiplication where we multiply a given matrix with a constant which is
taken as a scalar.

Examples

b ¢
1. Expanda(e f)



Solution
(b c)_(axb axe)_(ab ac)
e f/ \axe axf) \ae af

2. Given matriXA:(3 0) andB:( 0 3)

1 -2 -2 8

Find (i) 2A (ii) 4B - A (iii) 3(A+B)

Solution
o 2= 0)=(Gr1 =G %)
(i) 4B= 4(_02 g) = (44><X—02 ii ?t;) - (—08 g)

w-a=(Gy 2)-G 5= 5

iy a+B=( °)+(5, 9= 9

3(A+B)=3(_31 Z):(_(’3 198)

General multiplication of matrices
We can multiply two or more matrices if and only if the number of columns in the first matrix are

equal to the number of rows in the second matrix.

Examples
Expand

CE AT

Solution

(a b)(e f)_(axe+b><g axf+b><h>

c d/\g h)] \cxe+dxg cXf+dxh

Hence when we are expanding, we multiply row by column

(i) (3 1)(0 1)_(3)(0-!—1)(3 3><1+1><1)_(0+3 3+1):(3 4)

2 1/\3 1/ \2x0+1%x3 2x1+1x1 0+3 2+1 3 3

2
w €GO 9-ErE
(9+8 12+20)_(17 32)
6+10 8+25/ \16 33

(iv) Multiply(g _91)(_42 g)
Solution

(g —9 1) (_42 (?;) = (58><x—_22++—9 1X><44 58><x33++—9 1x><00)



:(—16+36 24+0) 20 24\
15/

~10+-4 15+0/  \-14

(V) Given the matrices below;

a b [z
A_(c d)’ B_\y)

Their matrix product is;

AB- (¢ b {x _ fax+ by
c d)\y ex + dy
yet BAis not defined.

(vi)  Given the matrices below;
1 2 a b

A= , B=
3 4 c d
Their matrix products are:

ap_ (L 2\(a By _ (txe+2xc 1xb+2xd\_(a+2 b+2d
~\3 1)\c d)_ 3xa+dxc 3xb+dxd) \Ba+dc 3b+4d

BA< (@ BY(1 2)_ (ex1+bx3 ax2+bx4) _ fa+3h 2a+4db
“\c @J\3 4) T\ex1+dx3 ex2+dx4) " \c+3d 2+4d)

Note: In general, when multiplying matrices, the commutative law doesn't hold, i.e. AB# BA as
seen in the above example.

The determinant of a matrix

a b

Consider a matrix A = (c ), the determinant is denoted by det A where det A = ad — bc. The

d/
matrix which has a determinant of zero is called a singular matrix

Examples
2 .
LatM=(; ) FinddetM
Solution

DetM=(4x —1) — (1x3)=—-4—-3=-7

2. IfA:(} g),ﬁnddetA

solution
DetA=(1x0)—-(3x1)=0-3=-3



. 1 3 302\ o )
3, leenthatAz(l O),Bz(1 1),F1nd(1)det(3A+B) (ii) det (2A - B)

Solution
o wess )G D=6 DG D=6 1)
Det(3A+B) =(6x1)—(11x4) =6—44 = —38
@ eam =2 -G D=C O-G D-G" 2

4 6
11

-1 -4

4. GiventhatA = ( 5 1

) and B = ( ) Show that A + B is a singular matrix.

Solution
_(4 6 -1 -4\ _3 2
A+B_(1 1)+(2 1)_(3 2)
Det(A+B)=3%x2-2x3=6-6=0
Since det (A +B) = 0, A + B is a singular matrix

Formation of a matrix
When forming matrices, we consider the number of rows as well as the number of columns
required for a certain matrix.

Examples
(i) A3 X 1matrix

2
1

(i) A 2 X 2 matrix
4 2

(0 3)

(iii) A4 X 3 matrix

6 0 7
2 1 2
4 5 8
-2 9 1

Inverse of a matrix

The inverse of a matrix A is given by oz < the adjoint matrix. The inverse of a matrix A is

denotedby A~ To get the adjoint, we interchange the entries of the major diagonal and

multiply the entries of the minor diagonal by -1 i.e.
_(fa b . _(d —b
ita= (% 7). adjointa=(" ")
DetA =ad — bc
1

-1 _ 1 -
A —detAxAd]omtA



A= (47D

Note: The inverse of a singular matrix does not exist because we end up with a division by zero
which is undefined.

_Examples

R S U -
IfA—(O 1),3_(1 3),fmd(1)A (i) B~ (iii) (A + B)
Solution

() DetA=(3x1)—(1x0)=3
AdjointA:((l) _31)

i 1 -1

Alzi(o 3)
(i) DetB=(-1x3)—(2x1) =-3-2=-5

AdjoineB= (> %)

B~ :%5(31 :i)

(iii) A+B:((3) D+(_11 g):(i i)

Det(A+B)=(2x4)—(3x1)=8-3=5

Adjoint (A + B) = (_41 _23)
1 _
A+ :E(—41 23)

Note: AA™1 = I where I is an identity matrix where an identity matrix which has the entries
in the major diagonal equal to one and the entries in the minor diagonal all equal to zero e.g.

1 0y . . , .
(0 1), is 2 X 2 identity matrix.

Solving simultaneous equations using matrices

One of the most important applications of matrices is to find the solution of linear simultaneous
equations. It is a requirement to first re-arrange the given simultaneous equations into matrix

format.

Example 1

Consider the simultaneous equations

X+2y=4

3x—-5y=1
Provided you understand how matrices are multiplied together you will realise that these can
be written in matrix form as;

(z H6)=0)

Writing



A=l 2) x=()anan=(%),
We have AX =B

This is the matrix form of the simultaneous equations. Here the unknown is the matrix X,
since A and B are already known. A is called the matrix of coefficients.
Now given AX = B, we can multiply both sides by the inverse of 4, provided this exists, to give;
AT'AX = A7'B
But AA™! =], the identity matrix. Furthermore, IX = X, because multiplying any matrix by
an identity matrix of the appropriate size leaves the matrix unaltered. So X = A™'B
Thusif AX=BthenX = A™'B
This result gives us a method for solving simultaneous equations. All we need do is write them
in matrix form, calculate the inverse of the matrix of coefficients, and finally perform a matrix
multiplication.

Solution to the above guestion
1 2\/X\_ /4
G 56)=0
. 1 2
We need to calculate the inverse of A = ( )
3 -5
DetA=(1Xx-5)—(2x3)=-11

at=-2(33 D)

x=a8=-(23 )

=% (_—53Xx44++_12xx11) =% (:ﬁ) - (i)
(;):(i) >x=2andy=1

Example 2;
Using matrices, calculate the values of xand y for the following simultaneous equations:

2x-2y-3=0
8y=7x+2
Solution:
Step 1: Write the equations in the form ax + by =c¢
2x-2y-3=0=2x-2y=3
8y=7x+2=7x-8y=-2

Step 2: Write the equations in matrix form.
coefficients of first ecuation 2 =2\ =x 3 constant of first equation
coefficients of second equation 7 -8l\y B -2 constant of second equation

Step 3: Find the inverse of the 2 X 2 matrix.
Determinant= (2 X -8)-(-2Xx7)=-2

1(-8 2 4 -1
Inverse= —— =
ol=-7 2 35 -1

Step 4: Multiply both sides of the matrix equations with the inverse



55 )6 06 S

So, x=14and y=12.5

Example 3
Solve the simultaneous equations below using the matrix method
x+2y =4
x+y=3
Solution

CI-
LetA:(1 1),3: ( ) andC:( )
NowAB=C = B ==
B=4"1C
DetA=(1x1)—(2x1) = -1
_ 1 -2 -1 2
Al:—il(—l 1)2(1 _1)
But fromB=A4"1C
XN 1 2\/4
Scy)_(—%x4_+1)2(>§)3 —4+6y_ (2
(y)=(1x4+—1x3)=(4+—3)=(l)
From equality of matrices x =2andy =1

Example 4
Solve the simultaneous equations using the matrix method
2x+y=3
4x — 2y =10

Solution , . ,
(4 —12) (y) - (10)
LetA= (i _12)

DetA=(2x —2) —(1x 4) = —8

A = —— X Adjoint A
=52 %)
X 1/—2 —1\/3
X (y)zl_—gz(;%+2—1)>(<1{)3 1/-16 2
(y)z_é(—4x3+2x10)=_§( 8 )z(—l)
x=2 andy= -1

Trial questions
1. Solve the following sets of simultaneous equations using the inverse matrix method.
a) 5Sx+y=13
3x+2y=5



b) 3x+2y=-2

x+4y=6
) 4x+2y=6
3x+ 5y =5
d) 7x+4=5y

4-2x+y=0

[Ans: a) x=3,

y=-2, b)x=-2,y=2 ¢)x=10/7,y=1/7 d)x=8,y=12 ]

2. Given the matrices A = (1 0) and B = ( 6 :?1)), find;

4 5 -2

(i) Matrix C which is equal to 2A - 3B

(ii) AB
(iii) Show that D

3.Giventhat A=

[Ans: (i) (g

5. Given that (3 -

6. Giventhe ma

et (AB) = (Det A) (Det B) [Ans: (i) ( 126 g) (i )(14 __119)]

(i _02) and B= (é g) determine (i) A+ B (i) (AB)?

)(“)( 45 —3;)0)]

_1a _32) (;3) = (_x?’) Find the values of aand x [Ans: a = 1,x = 1]

3a a-—

6 a+ 2) find the values of a for which the matrix m is singular

trix m = (

[Ans: a =-5.61, 1.61]

7. Given that A

- (1 2);3:(_21 _21),ﬁndAB—BA ans: (75 9)1

-2 1 0 4

8. Aand Bare two matrices such that 4 = (1 ) and B= ( 1 2) Find (i) matrix P =AB (ii) P~*

[Ans : (i) (; ﬂ

4 11 1

Jar -5(5 )

9. Given the matrices P = (2 _2) ,0 = (3 _21) and R = (_51 _4); determine

0 1 4 2

2

(i) P.Q + R (ii) the determinant (P.Q + R) [Ans: (i) (3 1) (i) — 3]

9. Find the inverse of A = (4 _31) [Ans: 1_14( 3 1)]

10. Giventhat A = (

2 -2 4

; 3), show that A2 — 44 = I where lis a 2 X 2 identity matrix.

11. Given that matrix A = (; ;), find the values of the scalar A for which A — Al where lisa2 x 2

identity matrix. [Ans:A = 1 or 4]



DESCRIPTIVE STATISTICS
This is the branch of mathematics dealing with collection, interpretation, presentation and
analysis of data where data refers to the facts in the day-to-day life.
Statistical data can be categorized into two .i.e. Qualitative and Quantitative.

Qualitative data measures attributes such as sex, colour, and so on while Quantitative data
can be represented by numerical quantity. Quantitative data is of two forms. i.e. Continuous or
discrete.

Discrete data is the information collected by counting and usually takes on integral values
e.g. number of students in a class, school etc.
Continuous data can take on any value i.e. weight, height, mass, etc.
The quantity which is counted or measured is called the variable.

Crude/raw/ungrouped data
These are individual values of a variable in no particular order of magnitude, written down as they
occurred or were measured.

Grouped /classified data
These are individual values of a variable that have been arranged in order and grouped in small
number of classes.

Population and samples
A population is a total set of [tems under consideration and its defined by some characteristics of
these items.
A sample is a finite subset of a population.

PRESENTATION OF DATA
The ways of presenting data include:
» Bargraphs
» Histogram
» Frequency Polygon
» The Ogive
» Piechart

BAR GRAPH
A bar graph or bar chart is a graph where the class frequencies are plotted against class
limits.
HISTOGRAM
A histogram is a graph where the class frequencies are plotted versus class boundaries.

Example 1
The times taken by rats to pass through a maze are recorded in the table below. Use the data given

to plota bar graph and histogram.
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from the histogram as shown above.

Note: The mode can be estimated
The reader should also note that these are spaces between the bars fora

no spaces for a histogram.

bar graph while there are

Example 2
The table below shows the population of Kampala in millions for different age groups
Age group Population in millions

2
8
10

Below 10

10 and under 20
20 and under 30
30 and under 40
40 and under 50
50 and under 60




Draw a histogram to represent the above data

Solutio

Frequency

10
14

Class

0-<10

10-<20
20-<30
30-<40
40-<50
50-<60

In this case,
The class boundaries are given i.e. 0-<10
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FREQUENCY POLYGON
The frequency pelygon is obtained by plotting class frequencies versus class marks. Then
the consecutive points are joined using a straight line.

Class mark/ mid interval value (x) = § (Lower class limit + upper class limit)
ie.for the class 10-14, class mark(x) =1(10+14)=12

The class mark is also known as the mid mark

Example 3
The age distribution of a group of people is given in the table below.
Age(year) |[10-19 20-29 30-39 40-49 50-59 | 60-69 | 70-79
Frequency 1 3 5 8 12 10 6
Construct a frequency polygon for the data above
Solution
Class Limits Class mark Frequency
10-19 14.5 1
20-29 24.5 3
30-39 34.5 5
40-49 44.5 8
50-59 54.5 12
60-69 64.5 10
70-79 74.5 6
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MEASURES OF CENTRAL TENDENCY
The measures of central tendency include the mean, mode and median. They are called so because
they are centered about the same value.

MEAN
This is the sum of the data values divided by the number of values in the data.it is denoted byX.

- x .
Mean,X = -Zn— where ¥ means summation

The mean can also be calculated from ;
i 7 = 2/x
M x= bl
(i X=4+ Zz—f;i Where A is the assumed /working mean and d = X—A where d is the

deviation.
Examples
1. The measured weight for a child over eight year period gave the following results (in kgs);

32, 33, 35, 38, 43, 53, 63, 65. Calculate the mean weight of the child.
32+33+35+38+43+53+634+63+65

Mean= 5
= 45.25kg
2. The information below gives the age in years of 49 students. Determine the mean age.

Age 14 15 16 17 18 21
Frequency | 2 6 14 10 9 8

Solution
Age(x) Frequency(f) fx
14 2 28
15 6 90
16 14 224
17 10 170
18 9 162
21 8 168

D=4 S =042
X= ZZ_I;x = % = 17.184years
3. The data below shows the weights in kg of an 8.5 class in a certain school.

Weight(kg) [ 10-14 | 15-19 |20-24 | 25-29 |30-34 |35-39 |40-44 45-49
Frequency |5 9 12 18 25 15 10 6

Calculate the mean weight of the class

Solution



Class Class mark(x) | Frequency(f) | fx

10-14 12 5 60

15-19 17 9 153
20-24 22 12 264
25-29 27 18 486
30-34 32 25 800
35-39 37 15 555
40-44 42 10 420
45-49 47 6 282

Mean from assumed mean
The height to the nearest class of 30 pupils is shown in the table below. Using 152cm as the
assumed mean, calculate the mean height.

Solution

Height, x(cm) | 148 | 149 |150 |151 |152 |153 |154 |155 | 156
No. of Pupils 1 2 2 3 6 7 4 3 2
Assumed mean =152
Height(x) Frequency(f) Deviation(d=x-A) fd
148 1 -4 -4
149 2 -3 -6
150 2 -2 -4
141 3 -1 -3
152 6 0 0
153 7 1 7
154 4 2 8
155 3 3 9
156 2 4 8
Zf =30 Zfd —15
v 2fd
Mean, X = A+ 53

4.

Using 9 as the working mean, calculate the mean no. of accidents per day.

X =152+ g =152+ 0.5 = 152.5cm

The number of accidents that took place at black spot on a certain road in 2008 were
recorded as follows:

No. of accidents

0-4

5-7

8-10

11-13 | 14-18

No. of days

2

5

10

8 5

Solution

Class Mid value(x) Freq(f) Deviation(d) fd

0-4 2 2 -7 -14
5-7 6 5 -3 -15
8-10 9 10 0 0

11-13 12 8 3 24

14-18 16 5 7 35

=30 > fd=30




zrd

Mean, X = A+ S 7

¥=9+2=10
30

MEDIAN
The median of a group of numbers is the number in the middle when the numbers are in order of
magnitude.
Determine the median for the following observations
(D 4,1,6,2,6,7,8
Solution
1,2,4,6,6,7,8
The median is 6

(i) 3,3,3,7,7,6,7,8
Solution
3,3,3,4,4,6,6,7,7

The median= % =5

The formula below is used to obtain the median for grouped data.

Median=L; + zf xC
Where,
L, =lower class boundary of the median class
N = Total number of observations
F, = Cumulative frequency before median class
fm= Frequency of the median class

C = Class width

Class width is the difference between the lower and upper class boundaries ie for the class 40 -
44, the class width is 44.5 - 39.5=5
Note that it depends on the degree of accuracy ie for the class 7.0 - 7.4, the class width will be
7.45 - 6.95=0.5

Advantages of the median
It is easy to understand and calculate
It is not affected by extreme values

Disadvantage

It is only one or two values to decide the median

THE _MODE
This is the number in a set of numbers that occurs the most i.e. the modal value of 5, 6, 3,4,5 2,5
and 3 is 5 because there are more 5s than any other number.
For grouped data, the mode is calculated from;

Mode =L; + (A1A+1A2) X C




Where;

L1 = lower class boundary of the modal class

A, =difference between the modal frequency and the value before it

A,=difference between the modal frequency and the value after it

C = class width

The modal class is identified as the class with the highest frequency and the mode can as well be
estimated from the histogram as we have already seen.

Example
The following were the heights of people in a certain town of Uganda.

Height(cm) | 101-120 | 121-130 | 131-140 | 141-150 | 151-160 | 161-170 | 171-190

No.ofp'ple | 1 3 5 7 4 2 1

Calculate the mean, mode, and median for the data.

Solution
Class Frequency(f) | Class mark(x) | fx cf Class boundaries
101-120 |1 110.5 110.5 1 100.5-120.5
121-130 |3 125.5 376.5 4 120.5-130.5
131-140 |5 135.5 677.5 9 130.5-140.5
141-150 |7 145.5 1018.5 16 140.5-150.5
151-160 |4 155.5 622 20 150.5-160.5
161-170 |2 165.5 331 22 160.5-170.5
171-190 |1 180.5 180.5 23 170.5-190.5
¥ 23 3316.5
= %fx _ 33165
Mean, X = ST T 144cm

Median class is 141 - 150

N _Fy 2
Median=L, + <2f > x € =140.5 + (27 ) x 10

m

=140.5+3.57 = 144.1cm
Mode:L1+( ) xC

AL +A,
Modal class is 141 - 150
A=7-5=2 andA=7-4=3

Mode = 1405+ (s=) X 10 = 140.5 + 4 = 144.5cm

Example
Using the data for example 3 (pg. 107), Calculate the mode and median.

Class Freq( [ Cf Class boundaries |

10-14 5 5 9.5-14.5

15-19 9 14 14.5-19.5

20-24 12 26 19.5-24.5

25-29 18 44 24.5-29.5

30-34 25 69 29.5-34.5

35-39 15 84 34.5-39.5

40-44 10 94 39.5-44.5

45-49 6 100 44.5-49.5




N
. ——Fp
Median=L; + (zf ) xC

Median class is 30 - 34

Median=29.5 + <

Mode =L, + (
Modal class is 30 - 34, A;=25-18 =7

A
A +A,

100

2

25

)xC

and Ay=25-15=10

4> x 5= 29.5 + 1.2 = 30.7kg

Mode = z9.5+(—0) X 5 = 29.5 + 2.06 = 31.56kg

THE OGIVE

The Ogive is also known as the cumulative frequency curve where by cumulative frequency curve
is plotted against the upper class boundaries and the consecutive points are joined into a smooth
curve using free hand.

Example

The frequency distribution table shows the weights of 100 children measured to the nearest kg.
Weight 10-14 |15-19 | 20-24 | 25-29 [30-34 | 35-39 | 40-44 | 45-39
No. of Children | 5 9 12 18 25 15 10 6

Draw a cumulative frequency curve for the data.

Solution

Class Freq(f) Cf Class boundary

10-14 5 5 9.5-14.5

15-19 9 14 14.5-19.5

20-24 12 26 19.5-24.5

25-29 18 44 24.5-29.5

30-34 25 69 29.5-34.5

35-39 15 84 34.5-39.5

40-44 10 94 39.5-44.5

45-49 6 100

44.5-49.5
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Estimating the median and quartiles using the Ogive.
The marks obtained by 40 pupils in a mathematics examination were as follows:

Marks 20-29 30-39 | 40-49 | 50-59 | 60-69 70-79

No. of pupils | 2 4 8 15 9 2
Plot a cumulative frequency curve and use it to estimate the median mark, upper quartile, lower

quartile and the inter quartile range

Solution
Class Freq(f) Cf Upper class boundaries
20-29 2 2 29.5
30-39 4 6 39.5
40-49 8 14 49.5
50-59 15 29 59.5
60-69 9 38 69.5
70-79 2 40 79.5
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Upper class boundaries

1oAth
Median =(; N) =20" measure
Draw a dotted line across the graph from Cf = 20 to meet the curve and drop a vertical dotted line
to meet the horizontal axis. This gives the estimated median
Hence the median= 54 marks.

Quartiles
The quartiles divide a distribution into four equal parts.
The lower quartile (Q1) is the value 25% way through the distribution and the value 75% way

through the distribution is called the upper quartile (Qs).
th
Lower quartile (Q1) = GN) measure = 45.5
N
Upper quartile, (Q3) = (; N) measure =60
The difference between the upper quartile and lower quartile is called the Interquartile range.The

Interquartile range = Qs - Q1 = 60 - 45.5 =14.5
The semi interquartile range or quartile deviation:% (Q3 — Q1) =725



Percentiles
The percentiles divide a distribution into one hundred equal parts.
The lower quartile, Q1 is the 25t percentile P25, the median is the 50t percentile P50 and the
upper quartile Qs is the 75t% percentile P75.
Example
The data shows the marks obtained by 80 form IV pupils in a school. Draw a cumulative frequency
and use your graph to find the 20th and 80t percentile mark.

Mark |1-10 | 11-20 | 21-30 | 31-40 | 41-50 | 51-60 | 61-70 | 71-80 | 81-90 |91-100
Freq |3 5 5 9 11 15 14 8 6 4
Solution
Marks Freq C.f Upper class boundaries
1-10 3 3 10.5
11-20 5 8 20.5
21-30 5 13 30.5
31-40 9 22 40.5
41-50 11 33 50.5
51-60 15 48 60.5
61-70 14 62 70.5
71-80 8 70 80.5
81-90 6 76 90.5
91-100 4 80 100.5
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. 20 th
20th percentile mark:(— X 80) mark = 32.5
100

. 80 th
80th percentile mark= (— X 80) mark =71.5
100

Measures of dispersion
The spread of observations in relation to a measure of central tendency of the given data is known

as dispersion. In order to compare data, the measure of dispersion is taken into account along
with the measure of central tendency.

The range
This is the difference between the largest and the smallest values of the data.

i.e. for the data about lengths of leaves in garden tree, 5,6,7,7,4,5,3,2,9,8,8,6,5,3
Range =9-2 =7

Standard deviation:
This is the positive square root of variance. It is denoted by o
Standard deviation (¢) = VVariance
The following expressions can be used to calculate the standard deviation;

_ /L _ (Erxy?
o= 5~ GF)
When using the assumed mean A,
_ /_2de _ (Zray?
o= 5~ GF)
Note: the expression under the rootis the variance

Examples
1. Calculate the standard deviation for the distribution of marks in the table below.

Marks 5
Frequency 3 8 9 6 4

o)}
~
[e¢}
O

Solution

Marks(x) | Frequency(f) |fx fx?

3 15 75
6 8 48 288
7 9 63 441
8 6 48 384
9 4 36 324
¥ 30 210 1512

-

2
o= 22 _ (%) = V504 — 49 = V14 = 1.183 marks

30



2. The table below shows the weights to the nearest kg of 150 patients who visited a certain
health unit during a certain week.

Weight(kg) 10-19 | 20-29 |30-39 [40-49 | 50-59 60-69 | 70-79
No. of patients | 30 16 24 32 28 12 8

Calculate the standard deviation of the weights of the patients.

Class Freq(f) X fx fx2
10-19 30 14.5 435 6307.5
20-29 16 24.5 392 9604
30-39 24 34,5 828 28566
40-49 32 445 1424 63368
50-59 28 54.5 1526 83167
60-69 12 64.5 774 49923
70-79 8 74.5 596 44402
Yf= 150 Yfx=5975 | M'fx?2=285337.5
- Xrx? _ (Trx\?
Standard deviation, ¢ = T (E_f)
2853375 5975\2
9= 150 (ﬁ)

5
=v315.56 = 17.76

3. The table below gives the points scored by a team in various events. Find the mean and
standard deviation using working mean A=4

Points 0 1 2 3 4 5 6 7
No.ofevents |1 3 4 7 5 5 2 3
Solution
Points Frequency |d=x-A fd fd2
1 -4 -4 16
1 3 -3 -9 27
2 4 -2 -8 16
3 7 -1 -7 7
4 5 0 0 0
5 5 1 5 5
6 2 2 4 8
7 3 3 9 27
30 -10 100
Mean X = A +2L2 = 4+ 22 =3.67points
Xf 30

2 G

>f  \xr.

Standard deviation, ¢ =
ation, o =T

106 -10

Z
30 E) = V3.533 20.111 = 1.85points



4. The table below shows the weight in kg of 100 boys in a certain school
Weight(kg) | 60-62 63-65 66-68 69-71 72-74
Frequency |8 10 45 30 7
Using the assumed mean of 67, calculate the mean and standard deviation
Solution

Weight Freq(f) Mid value (x) | D fd fd2

60-62 8 61 -6 -48 288

63-65 10 64 -3 -30 90

66-68 45 67 0 0 0

69-71 30 70 3 3 270

72-74 7 73 6 6 252
=100 >fd=54 | »fdZ2=900

Mean, X = A +2£2 = 67 + 2% = 67.54kg
S 100

Standard deviation,o =

Trial questions

1. The table below shows the weekly wages of a number of workers at a small factory.

Weekly 75-84 | 85-94 | 95- 105- 115- 125- 135- 145-
wages 104 114 124 134 144 154
Frequency | 2 3 7 11 10 8 4 1
Calculate the modal, median and the mean wage.
2. Below are heights, measured to the nearest cm of 50 pupils
157 167 165 162 160 157 160 152 157 162
157 165 152 162 155 160 157 160 162 160
157 152 167 157 160 160 162 165 157 160
157 157 157 160 157 162 155 157 160 157
150 162 152 160 157 157 165 160 162 150
a) Make a frequency distribution table by dividing them into class intervals of 5 starting

with the class 148-152
b) Draw a cumulative frequency curve and use it to estimate
(i) The median (ii) Interquartile range



3. The table below shows marks obtained by students of mathematics in a certain school.

Marks 30-<40 40-<50 | 50-<60 | 60-<70 70-<80
No. of students | 2 15 10 11 27

(D Calculate the mean, median and standard deviation for the above data
(i)  Draw an Ogive for the above data

4. Below are heights, measured to the nearest cm of 50 pupils.
157167 165 162 160 157 160 152 157 162
157165 152 162 155 160 157 160 162 160
157152 167 157 160 160 162 165 157 160
157157 157 160 157 162 155 157 160 157
150162 152 160 157 157 165 160 162 150

a) Make a frequency distribution table by dividing them into class intervals of 5 starting
with the class 148-152

b) Draw a cumulative frequency curve and use it to estimate
() The median (ii) Interquartile range

5. The table below shows marks obtained by students of mathematics in a certain school

Marks 30-<40 40-<50 50-<60 | 60-<70 | 70-<80
No. of students | 2 15 10 11 27

() Calculate the mean, median and standard deviation for the above data
(i)  Draw an Ogive for the above data

6. Sixty pupils were asked to draw a free hand line of length 20cm. The lengths of the lines
were measured to nearest cm, and were recorded as shown in the table.

Length(cm) | 11-13 13-15 15-17 | 17-19 | 19-21 | 21-23 23-25
Frequency |3 6 11 15 13 10 2

a) Calculate the mean length
b)  Draw a cumulative frequency graph and estimate the median, the upper and the lower
quartiles.

7. Below are the heights to the nearest cm of 40 students
150 170 152 155 169 167 157 158 157
167 164 165 164 163 162 163 158 158
160 160 159 161 161 161 160 160 160
159 162 160 159 160 161 161 156 150

a)  Make a frequency distribution table starting with class interval 150-152

b)  Draw an Ogive and use it to estimate the median, Interquartile range and the 20th
percentile height.

8. Calculate the mean and the standard deviation of the following distribution of scores



Scores 1-5 |6-10 | 11-15 16-20 21-25 26-30 31-35

Frequency | 3 19 38 69 45 21 5
9. The numbers of the eggs collected from a poultry farm for 40 consecutive days were as
follows.

138 145 145 157 150 142 154 140
146 135 128 149 164 147 152 138
168 142 135 125 158 135 148 176
146 150 165 144 126 153 136 163
161 156 144 132 176 140 147 130

a) Construct a frequency distribution table with classes of equal interval width 5, starting
from 125-129.
b)  Draw a cumulative frequency curve (Ogive) and use it to estimate the
(i) Median
(ii) Interquartile range
(iii) Median number of eggs
10. The following marks were obtained by 85 students in an English examination;
96 81 23 62 44 18 62 70 72 40 81 70 30 28 23 02
60 20 48 50 19 33 32 58 71 62 19 12 83 53 81 73
52 25 71 61 46 64 35 59 82 82 42 63 43 17 35 72
37 54 47 76 18 44 65 45 70 38 63 89 31 37 93 03
63 25 52 53 38 57 53 71 70 63 8931 37 93 58 58

a) Using class intervals of 10 marks, and starting with a class of 0-9, construct a frequency
distribution table.

b) Using your table to find the (i) Median mark
(ii)  Mean mark
(iii)  Standard deviation

11. The marks obtained by 50 students in a test were:
76 17 57 63 1296 38 46 82 48
619344 197060711840 54
50276242 635253386225
62233281316364187027
52813563383744197032

a) Constructa grouped frequency distribution table with equal class intervals of 10
marks, starting with the 10 - 19 class group.

b) Draw a histogram and use it to estimate the modal mark.

¢) Calculate the mean and standard deviation of the mark.



12. The times taken by a group of students to solve a mathematical problem are given

below.
Time(min) 5-9 |10-14 | 15-19 | 20-24 | 25-29 | 30-34
No. of students | 5 14 30 17 11 3

a) Draw a histogram for the data. Use it to estimate the modal time for solving a problem.
b) Calculate the mean time and standard deviation of solving a problem.

13. The table below shows the weights (in kg) of 150 patients who visited a certain health
unit during a certain week.

Weight (kg) 0-19 [20-29 [ 30-39 | 40-49 50-59 | 60-69 | 70-79
No. of patients 30 16 24 32 28 12 8

a) Calculate the appropriate mean and modal weights of the patients.

b) Plotan Ogive for the above data. Use the Ogive to estimate the median and semi
interquartile for the weights of patients.

14. In agricultural experiment, the gains in mass (in kg) of 100 cows during a certain period

were recorded as follows;

Gain in mass (kgs) [5-9 | 10-14 | 15-19 | 20-24 [ 25-29 | 30-34

Frequency 2 29 37 16 14 2

a) Calculate the (i)mean mass gained
(ii)Standard deviation
(iii)Median
15. The information below shows the marks of 36 candidates in oral examination.
30 31 55 49 56 47
36 41 39 45 39 50
42 43 44 39 46 56
30 48 53 38 50 63
40 54 61 46 56 44
53 60 56 50 62 52

(i) Construct a frequency distribution table having an interval of 6marks starting with the 30-
35 class group.

(i) Draw a cumulative frequency curve and use it to estimate the median mark.

(iii) Calculate the mean mark.

16. Construct a frequency distribution of the following data on the length 5 of time (in minutes), it
took 50 persons to complete a certain application form.
29 22 38 28 34 32 23 19 21 31
16 28 19 1812 27 15 21 25 16
30 1722 29 18 29 25 20 16 11
17 12 15 24 25 21 22 17 18 15
21 20 23 18 17 15 16 26 23 22



Using class intervals of length 5Sminutes starting with the interval 10-14. Calculate the (i) Mean

(ii)Standard deviation using ; Assumed mean A= 22

17. The ages of students in an Institution were as follows.

Age 18-<19 | 19-<20 | 20-<21 | 21-<22 | 23-<24 [ 24-<25
No. of students | 12 35 38 24 8 3
(D Draw a histogram of the data and use it to estimate the modal age.

(i)  Use the data to estimate the median, upper and lower quartile ages.
(iii)  Calculate the interquartile and semi interquartile range
18. Estimate the lower and upper quartiles for the following frequency distribution using

an Ogive.
Class 0-9 10-19 20-29 30-39 40-49
Frequency 2 14 24 12 8
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