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Introduction
PED 236: Elementary Mathematics is aeaemester, 2 credit course. The course consists of
sixteen units which includes basic arithmetic operations in inteigelises, logarithm and surd,
fractions, number bases, approximation, rate, proportion and ratio, factorization, linear equation,
guadatic equation, simultaneous equation, algebraic graphs, change of subject of formulae,
linear inequalities, length, perimeter, cirglesctor, triangles, area and volume of geometrical
solids and shapes.
Course Aim

This course is developed for studemf the National Open University of Nigeria
(NOUN) who have poor background in Mathematics. It is intended to refresh and strengthen the
studentsod6 knowledge of ordinary | evel (0O/1L)
Course Objectives

To achieve the aim spelt out above, therseus structured into modules with a module
comprising of at least 3 units. Each unit has specific objextiviee achieve and these objectives
are spelt out in section 2.0 of every unit. You are encouraged to refer to these objectives during
your studyof the course in order for your to monitor your own progress. After completing a unit,
you should endeavour to look at the unit objectives to ascertain that you have done what was
required of you in the unit.
Working Through this Course

To complete thicourse, you are required to read the study units, reference books and
other materials provided by NOUN. Each unit contains Self Assessment Exercises and Tutor
Marked Assignments. At points in the course you will be required to submit assignments for
assessient purposes.
Course Materials

The major components of this course are as follows:
1. Course Guide

Study Units
3. Tutor Marked Assignment



Assessment

There arewo aspects of the assessment of this course. The first is the Tutor Marked
Assignmats (TMAs) while the second is the end of the semester written examination. You are
expected to apply the information, knowledge and techniques gathered during the course during
these assessments.

There are sixteen Tutdvlarked Assignments in the cours€éour tutor will tell you
which ones to submit to account for the 30% for continuous assessment. The end of semester
examination will contribute the remaining 70%.

How to Get the Most from this Course

One great advantage of distance learning is thatystinits replace the university
lecturer. You are expected to read and work through the specially designed study materials at
your own pace and at a time and place that suits you best. The stusljrareia common
format. The first item is an introductida the subject matter of the unit and how a particular unit
is relatedto the other uni and the course as a whole. The introduction is followed by learning
objectives that guides you on what you should be able to do by the time you compgttelyhe
of theunit. These objectives should serve as a guide in your stuafythg units.

Working through these units will help you achieve the objectives of the units and prepare
you for the assignments and examination. Every unit has a number of exampleareYou
encouraged to study the examples carefully and do each self assessment exercise as you come to
it in the study unit.

The following is a practical strategy for working through the course.
Read this course guide thoroughly.

Organiz a study skhedule.

Stick to your study schedule strictly.

A w0 NP

Adherewith unit 1 and read the introduction and objectives for the unit before reading
the main body.

Assemble all study materials.

Work through the unit carefully.

Do the exercises andsagnment and ensure that you have mastered the unit.

Then, move to the next unit.

© © N o v

Go on like this until you get to the last unit.



Study Units
There are sixteen study usin this course PED 236: Elementary Mathematics. They are as
follows:
Module 1: Number and Numeration
Unit 1: Basic Arithmetic Operations in Integers
Unit 2: Indices, Logarithm ansurds
Unit 3: Meaning and types of Fractions
Unit 4: Number Bases
Unit 5: Approximation, Rate, Proportion and Ratio
Module 2: Algebraic Processes
Unit 1: Factorization and Linear Equations
Unit 2: Quadratic and Simultaneous Equations
Unit 3: Algebraic Graphs
Unit 4: Change of Subject of Formulae
Unit 5: Linear Inequalities
Module 3: Measurement
Module 4: Geometrical Solids and Shapes
Unit 1: Triangles
Unit 2: Circle
Unit 3: Area and Volume of Various Geometrical Solids and Shapes
Assignments are compulsory aids a unique feature of your course delivery system. They are
called Tutor Marked Assignment (TMA). You must ensure that the amsigis are answered
and returned to the study center on dates as agreed between you and the course tutor. There are
also some assignments, which are called Self Assessment Exercises. It is advisable that you
attempt all the questions yourself. They are méaprobe your understanding of the concepts in
the units.
You are going to be evaluated in this course by the Tutor Marked Assignments which
will contribute to final grade. It isompulsoryfor you to and submit all the assignment and they
will be graded. The grades for the best ones (the number to be decided by your tutor) will be

used in your assessment.



Tutors and Tutorials
Your tutor will mark and comment on your assignmewtsir progress in the course will
be closely monitored by the coursectutYou are to report in difficultieencounteed to the
course tutor who will give you necessagsistancen the course. You must mail your tutor
marked assignment to your tutor well before the due dat
Attendance at Tutorials
Tutorialsis the onlyopportunityyou have for a face-face contact with youfutor. You
need to attend tutorials regularly sot that you can ask your Tutor necessary questions and get
clarifications.You will learn a lot from participating inlassdiscussions.
| wish you secess with the course and hope you will find it interesting, useful and

rewarding.
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MODULE 1: NUMBER AND NUMERATION

Unit 1: Basic Arihmetic Operations in Integers

Unit 2: Indices, Logarithms and Surds

Unit 3: Meaning and types of Fractions

Unit: 4: Number Bases

Unit 5: Approximations, Rate, Proportion and Ratio

UNIT 1: Basic Arithmetic Operation in Integers

Content
1.0 Introduction
2.0  Objectives
3.0 Main Body
3.1 Meaning of Integers and Basic Arithmetic Operation
3.2 Dalily Life examples of positive and negative numbers
3.3 Integer and number lines
3.4  Addition of integers (addition involving integers)
3.4.1 Usingnumber line
3.5  Subtraction of integers (subtraction involving integers)
4.0 Conclusion
5.0 Summary
6.0  Tutor Marked Assignments
7.0 References/Further Readings
1.0 Introduction

This unit is designed to give you an insight into positive and negative humber system.

This can be conceived as steps of equal sizes along a line as shown below, with positive numbers

to the right of zero and negative numbers to the left of zero.

v

Figure 1: Number Line



This line is called a number line. We can use it to perform the opesatioaddition. A

walk forward can be taken as positive numbers and a walk backward can be taken as negative

numbers.

2.0

Objective

At the end of this unit, you should be able to

correctly interpret positive and negative integer

carry out the bsic operations on integer.

identify daily life examples of positioand negative number.
Main body

Meaning of Integer and Basic Arithmetic Operation

An integer is any positive or negative whole number.

Basic arithmetic operation in integeare the addition, subtraction, multiplication and

division of positive and negative numbers.

We have idea about countimymbers and all counting numbers are positive numbers.

The opposite of positive is negative in the number line. The numbers tglthef zero are

positive numbers and the numbers to the left of zero are negative numbers. The more a positive

number move away from zero the bigger the number, but the more a negative number move

away from zero the smaller the numbeiliikis greatethani 10.

3.2
1.

Daily Life Example of Positive and Negative Numbers

Let us take the ground level as our zero point. A man that is tapping drpelm above

the ground level, so the position of that man is positive. On the other hand if a man is
digging a well, the man is below the ground level. The position of such asmagative

since he is under the groun8o it can be said that positive distance are above the ground
and negative distance are below the ground.

If a man is said to moves t€éh0) spaces to his right (forward) and then moves seven (7)
spaces to the left (backward). What is the man positan the starting point. The man
position forward is positive + 10 and the position backward is negaffveHis position

is 3 spaces to ¢hright from the starting point. This can be written as +3.

If a woman that lives in story building walks six (6) steps upstairs, and walks fourteen
(14) steps downstairs. What is her final position. Her final position is 8 steps downstairs.

This can ke written as8.



3.3 Integers and Number Lines
€)) Draw a horizontal line and divide it into equal parts. Mark the starting point as zero.

) To the right of zerare positive numbers as shown below. The arrow shows that the line

continues indefinitely.

v

Figure 2: Positive Number Line

(i) To the left of zero are negative numbers as shown below. The arrow shows that the line

continue indefinitely.

5 4 3 2 -1 0

Figure 3: Negative number line

(i) When the positive and negative lines aregai, it become a full number line.
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5 4 3 2 -1 0 1 2 3
Figure 4: Full Number line

(iv)  Similarly the number line can also be in a vertical form. With numbers on top of zero as

positive and the ond=elow zero as negative.

A




Figure 5: Verification Full Numér line
Putting the horizontal and vertical number line together will give us the shape of a cardinal point.
North, South, East and West.

North
+ve ¢
-ve
West « > East
+ve
Sduth
-V
Fig. 6: The four cardinal point.
Examples
Location of points on the number line.
1. If a straightroad runs eastvest through point o. the distances east of O are positive and
the distances west of O are negative.
2. If a straight road also runs from Not8outh thought point OChe distancenorth of zero

is positive and that of south of zero is negative
3. Express the positions of the points below in terms of positive or negative distance.
(1 Ais 15km west of 0.
(i) B is 18km west of 0.
(i)  Cis 20km east of 0.
(iv) D is 8km east of 0.



Answer

18km 15km 8km 20km

) The distance of A i 15km
(i) Thedistance of B i§ 18km
(i)  The distance of D is + 8km
(iv)  The distance of C is + 20km
(4) From the above question, what is the distance between
0) AandD (i) A& C (ii)B&D (v)B&C (V) A&B (vi C&D
Answer
0) 15km + 8kn = 23km
(i) 15km + 20km = 35km
(i)  18km + 8km = 26km
(iv)  18km + 20km = 38km
(V) 18km- 15km = 3km
(vi)  20kmi 8kmi 12km
Self Assessment Exercise
(2) In the pairs of number below, put the correct sigor(<) between them;
(a)-8, +6 (b) 05 +4 (c)-2, +4 (d)-4,-8 (e) 10-8
(2)  Arrange the following numbers in orders, smallest first and represent it on a number line
-8, +8, 0,-1,-15,-6, + 18, +1.



(3) When you move 8 steps to the west and then 10 steps to the east. What is your present
position from the starting pat?
(4) A bucket of water was drawn from a well 18m deep and was taken to a story building
20m above the ground what is the final position of the bucket of water.
3.4  Addition of Integers
Positive and negative numbers are called directed numbers. Wéherove to the right
hand or upwards we count positive numbers. We count negative, when we move to the left or
downward, depending on whether we use the horizontal or vertical number line. e use
arrow signs to show the direction of movements.
3.4.1 Using Number Line
Example 1
If I Count 4 steps to the right from the point zero, and from the present position count

another 6 steps to the right. Where will my final stop be

— T T 1 I 1T 1T T T 1T + 171 *
O 1 2 3 4 5 6 7 8 9 10 11 12

Therefore 4 + 6 =10
Example 2
From point zero, count 8 steps to the ritjle count 6 steps to the left. The final stop is at

positive 2. m
f [

|
8 7 6 5 4 3 -2 -1 0 1
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Therefore +8 (+6) = 2
Example 3

From point zero count 8 steps to the left and then 5 steps to the right. The final stop is at negative
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(-8) +5=-3
Example 4
rom zero count 7 sps to the left and again another 6 steps to the left. The final stop is at

/_\f D .

T T T T T T T T 1 T 1
15 -14 -13 -12 -11 -10 -9 -8 7 6 5 -4 3 -2-1 o0 1 2 3

negative 13.

Therefore {7) +(-6) =-13.
3.5  Subtraction of Integers
Subtraction is the opposite of addition.
Example 1
From the point zero, move 10 steps to the right thed 4 steps to the left. The final stop is at

positive 6.

'/, \|||||||’

I | | b
3 -2 -1 0 1 2 3 4 5 6 7 8 9 1C 1112 12 1¢ 15 1€ 17

Therefore 10 4 = 6.
Example 2

From the point zero, move 5 steps to the right and 8 step to the left. The final stop is at negative

' =

T T 17 T T T T T T T T 1T T T T 1T T 7T 1
11-10 9 -8 7 6 -5 -4 3 2 -1 0 1234 567 8

»
»

Therefore5 8 =171 3.
Note:

In subtraction if the negative number is greater than the positive number the normal
addition should be done but the answer will taken a negative sign. i.e take the small number
away from the big number, but the answer will have a negative sign since the bigger hasber

a negative sign.



3) Evaluating without number line
@ (97 (-3)
When there is a negative (minus) sign in between two numbers (each in a bracket), the negative
sign will change whatever sign is in the following brackett is positive sign, itwvill change to
negative sign and if it is negative signs, it will change to positive sigr9)é (-3) will now
read ¢9) +3 which will be done ais(9-3) =-6.
(b) 297 (-18) will now read

29 + 18 = 47
(c) (-17)7 (-28) will now read

(-17) + 28which will be done as

281 17 =11
(d)  -38i (+5) will now read

- 381 5 which will be done as

- (38 +5) =43
4.0 Conclusion

This unit considered the basic operations on integer. The use of number lines in integer
operations.
5.0 Summary

The hidhlights of the unit includethe following.

1 When to use positive and negative sign in real life problems.
1 How number lines are used in the addition and subtraction in integers.

6.0  Tutor Marked Assignment
1. Use number line tsolve the following probi@s:
(@ -87 10 (b)10i 11 (c)8i 5 (d) -10+6

7.0 References/Further Reading

Channon, J.B. et. al (2002): New General Mathematics for Senior Secondary Schools. United
Kingdom: Longman Group (FE) Ltd.

Mathematical Association of Nigeria (2008JAN Mathematics for Junior Secondary Schools
(3% ed). Ibadan: University Press PIc.

UPE Teacher Education Project (1977)



MODULE 1: UNIT 2
UNIT 2: Indices, Logarithms and Surds
Content
1.0 Introduction
2.0  Objective
3.0 Content

3.1 Fundamental Laws of Indices

3.2 Applying the law of division

3.3  Multiple indices

3.4  Rules for fractional, negativend zero indices

3.5 Logarithm

3.5.1 Calculation of logarithm to base 10

3.5.2 Using the four figure table

3.5.3 The laws of logarithm

3.6  Surds

3.6.1 Basic facts of surds

3.6.2 Basic arithmetic operation on surds

3.6.2.1Addition and subtraction of surds

3.6.2.2Multiplication and division of surds
4.0 Conclusion
5.0 Summary
6.0  Tutor Marked Assignment
1.0 Introduction

The short form of writing a number which multiplieseatf a given number of time is
calledIndex Number The laws help to make calculations easy using indices (plural of index).
Indices help to have a good understanding of logarithm. There is a relationship between the two.
Surds are irrational numberthato 6t be written in ratio form.
2.0  Objective

At the end of this unit you should be to: (i) solve problems whose indices/efge
whole number (ii) apply it to multiplication and division (iii) solve simple equations involving

indices (iv) determinehie logarithm of a number in relation to indices (v) use the four figure



table to solve logarithm problems (vi) perform basic arithmetic operations in surd and (vii)
rationalize surd operations.
3.0 Content
(2) Prime number are integer which is only dibisi by 1 and itself; that is a prime number
has only two factors which is 1 and itself.
Examples of primes numbers are 2, 3, 5, and 7.
What is anindex?
It is an integer placed above and to the right of a number. For exafplés&he index
of 5 andin 9%, 4 is the index of 9.
In 5° above, 5 is the base number and 3 is the power. So it i€ Bn#i8d, 18 and 9 are
the base while 6 and 4 are the powers respectively. Thenuibar® r ead as A5 r ai
30
Examples if prime numbers

() Express 16 as the product of power of its primes

2 16
Z—T 16=2x2x%x2x2
S E— That is 2 in 4 places which can also be written’as 2
2 4
- 186=2
2 2
1

(2) Express 18 as a product of power of its prime

2 18

3 9 18=2x3x3

3 3 i.e18=2x3
1

1C



Express th@umber below as product of power of its prime.
(@ 42 (b) 108 (c) 675

Solutions
2 42
3 21 42=2x3x7
7 7
1
2 108
2 54
e 108=2x2x3x3x3
3 21 i.e108=2%x3
3 9
3 3
1
3 675
3 225
3 75 675=3x3x3x5x5
_t i.e675=3x5
5 25
5 5
1

Self Assessment Test

Express thdéollowing numbers as a production of power of its prime
(a) 288

(b) 1404

11



3.1 Fundamental Laws of Indices
(1) a"xd=am™"

2 a"-a'=a™

@ a"=_—
a
@ a "
5) a%:®6r
6) a’=1

(7) (am) "=a™

Applying the law of multiplication
Example

(1)  Simplify the following

(@) 5°x5(h)6'x6 (b)a®xkxb
(@ 5°=5x5

5°=5x5x5
5x5=(5x5)x(5x5x5)=5
:52+3:55

(b) 6'=6x6x6x6
6°=6x6
6'x 6= (6x6x6x6)x(6x6)=%6
:64+2:66

(0 a’=1

a®x ¥ xb*=b*3*=p°
In general, if you are ask to multiply two or more members having the same base, we add the
power (indices) and raise the base member to the sum of the inéices

a8 X aG X d) X ac — a8+6+b+(:
2 Simplify &
(@) 8a&x6d (b)7a x 6a x 64 x 58
(@) 8ax6d=8x6x8&=48a"°=484a"°
(b) 7a6a'x58=7x6x53"=42a

12



Self Assessment Test
Simplify the following

(@ #x&

(b)  15MF x 2M*x M®

3.2  Applying the Law of Division

Evaluate the following

(@ 5°-5'() 6°-6°()a®- a® (d) a - a(e)5p° - 5p°

Solution

54 = BXEXBXBXOXD
BXBXBXE

(@ 5° =5x5= 57

i.e5%4 =52

. 66 — 5X6/X6/)§6'X,60§6’X6X6X6
BXBXBXFXEXE

=6Xx6 X6 = 6°

(b) 6°

i.e6>®=¢63

(c) a° -

d a° aS-WX—:%:l

1BXPXPXPXPXBPXPXP

— — 2
BRPXPXPXPXEP =3xPxP =3P

(e) 15P%.5P°=

15

ie = P*° = 3p?

Self Assessment Test
Evaluate the following
(@) 18R - 3K
(b) 45P°. 15P

13



3.3  Multiple Indices

An indexed number‘aaised to a given index say 2 is able to have multiple indicei&aﬁl)fs

(1)  Simplify (a*)
(a4 )2 =a'xa
= (axaxaxa) X (axaxaxa)
= axaxaxaxaxaxaxa
= a8
Tha is (a“)2 =a%=2a°
Note: When a numberais raised to another index n, we multiply the indices thus.
(a”‘)n =a™=a™
Example
© @ @ ) @ v
Solutions
1 (@) =g°=¢
@  (60*f =6%"2= 3617
3  10M2) = 10M*3= 10M°
3.4  Rules for Fractional, Negative and Zero Indices

Fractional Index

A= g (Al
Q -
e a% = (Q/E)m

. . .m
Note: In case of the fractional index-, n represents the root of the number and M represents
n

the power.
Simplify the following

® @6: @ @ @) (645 @ (629

14



(1) (16): = (vief = 4* = 64
(

2 (81):i=(4B1f =3 =27
3 (64 = [f6af = 2° =
(4) (625)3 = (‘\‘/55)5 = 5% = 625

Self Assessment Test

Evaluate the following

@ @0:  ® (1
Negative Index
A |
a = —
a

Write the number as the denominator of a fraction with the index positive and with 1 as

numerator.
Examples
(1)  Simplify () 2° (b) 62 (c) 6b° (d)(5a)?
Solutions

1 1
a 2°="_"="—_
@) 2° 32

1 1
b 6°=—=—
(®) 6° 36

} 6
(C) 6b 3 :6E: ?
. 1 1 1
d 5a 2 = = =
( ) ( ) (5a)2 52a2 2&2
Zero Index
=1

Any number raised to the power of zero (0) is always equal to 1.

Examples

a81o

(1)  Simplify (@)a° (b) (4a)° (c) (100)° (d)

15



Solutions
(a a =1 (4a)°’=4xd=1x1=1

81’

© (700°=1 (d) 5

- % =1
Self Assessment Test
@ (20" (0 (sa)° (1297
Note: Indices multiplication is simplified bydalition. While that of division is simply done by
subtraction. The indices to be multiplied or divided must be of the base.
3.5 Logarithm
Using logarithms of numbers, multiplication problems can be done (solved) by simple
addition while division problenecan be solved by simply subtraction. It can also be used in the
problem and roots of number.
Recall
()  Logio=10" (i) Logi0100=2
(i) Logi01000 =3
Comparing 100 = 0and Log 100 =2 it can be see that the index in the first equation wisich
2 is the same as the logarithm of the second equation which is also 2. It is clear that the logarithm
of the number 100 to base 10 gives the power to which the number 10 must be raised to get 100.
Examples
10,000 = 16, Log10,000 = 4
10,000 = 18, Logip 10,0000 = 5
Note:
The representation of Legl00 reads logarithm of 100 to base 10.
Looking for the logarithm of a positive number of base 10 is the power to which 10 must be
raised to obtain that particular member.
That is Logo P = Rwhich mean

10°=P

16



Now express the numbers below in form of logarithm.

() 1000 = 18 which is Log¢1000 = 3

(i) 1=1Fwhichis Logol=0

(i) 10 = 16 which is Logo10 =1

(iv) M =10" whichis LogoM =n

In most cases the base number is omitted. Whemdke is not written it is assumed to be in
base 10. The numbers are not always in tens. It can be any number. The logarithm of a number
are of two parts. The whole number part and decimal parts. The whole number part is called the
characteristics and tlteecimal part is called the mantissa.

The relationship between indices and logarithm.

Express the equations below in index form.

() Logip 1000 = 3 (ii) Logis'=C

(i)  LogioM = VP

Self Assessment Test

1. How many parts is the ¢g@rithm of a number made up of and what are the parts.
2. Express in the form of logarithm

(i) a"=n (i) M=P
3. Express in index form

() Logipl.4=0.1461 (i) Log5.02=0.7160
3.5.1 Calculation of Logarithm to Base 10
(1) Number Greater than 1
Any number of the fornrM x 10" is said to be in standard forrBo a number can be
expressed in standard form.
Examples
Express in standard form
() 576.23 (i) 0.05247 (i) 0.000689
Solution
()  575.23=5.763 x 10
(i)  0.05237=5.237 x 1¢
(i)  0.000689 = 6.89x It

17



The logarithm of a number is made up of the characteristics and the materials. In finding
the logarithm of a number the calculator can be used. In some calculator, the number is entered
before pressing the log tian. In others you press the log button before you enter the number.
3.5.2 Using the Four Figure Table

First look for the characteristic of the number and then the mantissa.

Characteristics

The characteristics is always one less than the digitsvnode number (i.e the numbers
before the decimaloint where there is a decimal number). Count these digits then subtract 1.
Examples
() Find the characteristics of the numbers below
() 5678 (ii)) 678.902 (iii) 12 3 (iv) 93281.1
Solution
) 5678has 4 digits

Therefore characteristic isi4l = 3
(i) 678.902 has 3 digits before the decimal point

Therefore characteristics iS3L = 2
(i)  93281.1 has 5 digits before the pt

Therefore characteristic isi51 = 4
Mantissa

This is read from thefour figure table (logarithm table). Now get your logarithm table
and let start. We shall use the sample of the logarithm table below.

Consider.og 5678

18
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Usingthe table tdook at the mantissa &678 it is read like this; 56 under 7 difference 8. that is
look for the number 56 under the columnWhenyou get to 56 move along the row of 56 and
stop in column 7 of that row and the number corresponding to 56 index 7 ianswer, keep it.
This is 7536 Thengo the differences section (column) index column under column 8 we have 6
which must be added to 7536 to give the final mantissa i.e 7536 + 6 = 7542.
What is the character i.e of 56787 4 digits, character i.e. is 3.
Hencelog 5678 = 3.7542
Examples
Find the logarithm of
(1) 3875 (2) 14.32 (3) 432.1
Solutions
(1) Characteri.e=3
Mantissa Read off 38 under 7
Differences 5 from the log logarithm table you will get 5883
Log3875 = 3.5883
(2) Log14.32 =1.498
(3) Log432.1=2.6356
Number less than 1
These characteristic are usually less than 1 (that is negative). It is 1 greater than the
number of zero immediately in front of the decimal point. Write the number in standard form and
the index will be the charactstic.
Examples
(1)  Write down the character of the following.
0 0.00234 (ii) 0.0456 (iii) 0.687.
Solutions
()  0.00234 = 2.34 x I8 characteristics 3
(i)  0.0456 = 4.56 x 18
Characteristic =2
(i) 0.687=6.87 x 19

Characteristic
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(2) Find the logarithm of the following
()  0.00678 (ii) 0.003256
Solutions
0) Log0.0@1678
0.000678 = 6.78 x 16

Check 67 index 8 in this question no difference

Log0.00678 =4.8312
(i)  Log0.003256
0.003256 = 3.256 x 10

Log0.003256 35127
Self Assessment Test
(1)  Find the logarithm of the numbers below.
(@) 4568 (b) 0.00254 (c) 0.000765 (d) 0.01371
(2) 2268
(3) 1256
The Anti-Logarithm Table

The table is used to get the original number whose logarithm is given. To get the anti
logarithm, you will read off théMantissa onlyfrom the antilogarithm tableThat ishelps us to
find the decimal point in the number gotten from the-kgarithm tble. That is done after
adding 1 to the characteristic. Your count should be from the left hand side of the answer.
Examples

Find the antlogarithm of the numbers below.

(1) 2.7658 (2) 0.3254 (32.6541

Solution

(1) In the antilogarithm table look for .76 under 5 difference 8. You it 5832. Add 1 to
the characteristic i.e 2 + 1 = 3. Count 3 decimal places from the left and place the point in
the appropriate place. 583.2

(2) In the same way, check .32 under 5 differences 4. &sgi15, characteristic 0 + 1 =1.

Final answer 2.115.
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3) Check .65 under 4 differences 1. Gives 4509; charactefisticl =-2 + 1 +1. That is
move backward is 4 by 1 place and place the decimal point i.e 0.4509. (which is ¢he sam
as4.509 x 10).

Self AssessmenQuestions

(2) Find the antlogarithm of the numbers below.

(a) 3.1285 (b) 0.2356 (cB.6214
3.5.3 The Laws of Logarithm
There are three basic laws which must be obeyed whenever you sdiiemmaising the
logarithm table. They are known @ fundamental laws of logarithm. They are stated below.
Given A and B and C.
(2) Log(AxB) = LogA + LogB

2) Log Seg& LogA- LogB
Q -

(3) LogA = CLogA
or
LogB = CLogB
Multiplication
Apply Law (1)
Examples
(1) Evaluate 32.56 by 9.563

Solution

No Log
32.56 | 1.5127

9.563 | 0.9806
2.4933

Find the antilog of the numbed933. That is .49 under 3 difference 3, we have 3114, add 1 to
the characteristic which will now be 1 + 2 = 3. Starting the count from the left, the decimal point

will now be between 1 and 4. The answer is 311.4.
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(2) Evaluate
0.06525 x 21.36

No Log

0.0652| 28144
21.36 | 1.3296
0.1440

On anttlog table find 14 under 4 i.e 1393 1 + 0 = 1 final answer = 1.393
Division

Apply low (2) Log S‘%AS: LogA- LogB
(; -—

Examples
(1)  Divide 76.783 by 0.6421
No Log
6.783 | 0.8315

0.6421 |18076
1.0239

Anti-log

0.02 under 3 difference 9.

= 1056. The decimal place 1+1 = 2. Final answer = 10.56
Note: B(T) @0-(-1) =1

Self Assessment Test

Evaluate the following

(1) 22.65x81.11

(2) 0.7641x 1.786

(3) 1.7815- 8.326

(4) 0.01561 1.321
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Power/Roots of Numbers
Use Law(3): LogA= CLogA

Find the log. of the number and multiply by the power. As for roots, write the number in
index form, find the log and multiply by the index which is a fraction.

Note:

1 1 1
JP =P?, Ya=a*YM = Mr
Examples

(1) Evaluate (p(6.623" (b) (0.0781° (c) /56.72 (d) %/0.6423

Solutions
No ‘Log No | Log
6623 | 08211 ey (6623" | 0.8211x4
3.2844
Anti-log of .2844
= 1925
(b) No ‘Log
— No | Log
0.0781 | 28927

(0078)° | (28927 x 3

46781

Anti-log of 67814
= 4764
= 0.0004764
= 0.0005
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) /5672 :(56.72)§

No ‘ Log No | Log
1
56.72 | 1.7538 > (56.72)2] 1.7538 x%
0.8769 | 17538
2
Anti-log .8769
=7.732

Self Assessment Test
(1)  Evaluate the following

478683 (90.77)* x45.61
@ e&———0 (b) 237.1x67.89 (c)

c91.23+ (16.74)* x \/66.45
3.6 SURDS

There are two types of numbers. They attonal and irrational (nerational) numbers.

. . . 1
Rational numbers are numbers that can be expressed as exact fractions or ratios; sBlgh as 2,

0.8, v/64 which will give % ,° 8.

ol b

7
2 )
Irrational numbers are numbers that cannot baewias ratios, such as.

p'=3141592...., the decimal containing without recurring. Other examples

J3=1.752050.., //28= 5.291502... etc

Irrational numbers of this types aeferedto as surds.

Surds that have numbender the squa root sign as the same are calld® Isurds, for

example,/5, ? are lie surds.

3.6.1 Basic Facts of Surds
(1)  JYMn = JM xv/n
2 JM+n= VM +/n

25



® M
n

_IM
JM
@ JM-n=JM-Vn
G) UM =,/[n2m

These factors are useful when simplifying surds.
Simplification of Surds

As much as possible, expree number under the square root sign as product of two
factors, one such be a perfetfjuare. Then simplify the surd by takitlge squareoot of the

perfect square.

Examples
(1)  Simplify (@) /8, (b) va’b, (c) Y128 (d) V75
Solution

(8) 8= 2x2x2= 4x2,/8=/4x2=+/4x,/2 = 2x:[2=2/2
() a*h =+Ja?x/b= Jaxax/b=a/b
(©  128(= V6ax2)
J128 = [64x+2= 8x \2=8/2
(d)  275=2,/25x 3= 2,/25x,/3=2x5x/3=10\/3

There can also be a reverse process of the last example.
Examples

Express the following as a square root of a single number
@@ 4J3, (b) 25 (c) 8/4

Solution

@ 43 =(4)° x/3=116x+/3=,/16x3=+/48
b)  2/5=4(2 x/B5=vax5=/4x5=120
©  8/4 =) xJa=\6axJa= /64x4=1256
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3.6.2 Basic Arithmetic Operation on Surds
3.6.2.1Addition and Subtraction of Surds
We can add two or more of such surds. Simplification ohswds must first be done
before any addition or subtraction.
Examples

Simplifying the following
1 3/2+8/2 2) 76+ 5/6

3) 4/5- 25 (4) 3/18+50- 8/8

Solutions

(1)  3/2+8/2 =(3+8)}V2=11/2
2 7/6+5/6 =(7+5)J/6 =12/6
3) 4/5-2/5 =(a- 2) =25
(4)  3/18+.50 -8/8
= 3,/9x2 + ,/25x2 - 8/4x2
= 3,/9 xJ/2+ /25 x+/2- 4/4x+/2
33,2 +5.,/2 - 4x2\/2
9,/2 +5,/2 - 8/2
(9+5)/2 - 8,/2 =14/2-8/2
= (14- 8)J2 =612
Self Assessment Test
(1) 2/2-3/8 +4/32
(2) /5+45 - VB0 +2
@ 327 iz +(3)
@) J49- /28 +.63

27



3.6.2.2Multiplication and Division of Surds
Multiplication of Surds

In multiplying surds, simplification must first take place as much as possibén the
whole numbers will be taken with whole numbers and surds will be taken with surds.
Examples:

(2) Simplifying the following:

(@ J50x75 (b) 3/32x5/8 x3/18 () (545f

Solutions

@ /50 x,/72 = \/25x2 x+/36x2
= 5/2 x6,/2 =30/2x2=30/4=30x2 =60
(b)  3/32 x5/8 x3/18
= 3,/16x2 x5,/4x2 x3,/9x2
= 3x4\/§x5x2\/2_ x3x3V2 s
=12,/2 x10/2 x9v/2= (12x10 x9),/2x2 x2

= (12x 10 x9)V8=1080x 2,2
= 2160/2

© /5 =5/5 x5
=(5x5) ({5 x 5)

=25/25 =25x5 =125
Division of Surds

If the denominator of &actionis a surd, it is usually best to rationalize the denominator.
To rationalize the denominator means to make the denominator into a rationbér,usually a
whole number. To do this, you have a multiply the numerator and the denominator attios fr
by a surd that makes the denominator rational which will not in any way affect the original
numbers.
Example 1

Rationalize the denominators of the following.
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12 8 40 9
< (b o Y o) 2
(a) NG (b) N (©) NG (d) N
Solutions
@ 2.2 3
B BB
Multiplying % by % is like multiplying it by 1 since://——:_; is the same as 1.
12 V3 _12/3_12/3_12/3_12/3
BB V3@ J8 o 3
= 443
(b) 8 __8 8 8 @ %
/2 Jaa 2J3 243 43 29
_8/3_8/3_ 43
2x3 6 3
(C) 4_0:4_0)(§: 40\/324;'\/5
5 V5 5 55 /25
_ A0S g5
5
@ 2o 9 -9, V2_ 92
J18 VJ2x9 3/2 V2 3/2x2
_92_32
32 2
Example 2
Simplify the following
J16 J18 12 3J6 X247
b () N=© < d NPANT
(a) > (b) 5 (c) 7 (d) NN

Solutions

V16 _ J_fs V2 _J16x2 _ 32 _/2x16
2 2V Yoz 4 2

a2
N =22

(@)
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(b)

()

(d)

(e}
(o))
x
o
g
(o))
o

6 6

_ B4 _ Jaxe1 _ 2J21
Jag 7 7

3J6x 247 _ 3J6x2/7
2/24x/28  2Jax6x/ax7

3\/6X2)ﬁ_3>%/_3
afex2fr afe” 4

Further examples

(1)
(@)
(b)

(©)

Simplify the following
(3\/§ + 5X3 +6)

(243 +5)a3 - 4J5)
(V6 - sviof

Solution

(@)

(b)

(3V2+ 5)v2+6)

= (3v2)v2)+ 6x3/2 +5J2 +5x6
=34 +18/2+ 5J2+30
=3x2+8/2+5/2+30

=6+30+8/2+5/2=36+8/2+5/2=36, 13/12s

(243 +5)av3 - +4J5)

oJa5)- i3)ass)e (s3s)- (5ks

=8/9- 8/15+ 4/15- 425
=8 x3- 4/15- 4 x5
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24 - 415 - 20
= 4- 415 =401- 15)
© (/6-5J10f
(V6- 510)V& - 5¢10)= (V6] - v/6 x5110- 5,10 =1/6 +5/105/10
= 6- 5160- 5/60+25/100
= 6- 10,/4x15+25,/10x10

= 6+ 250- 20415

Conjugate of a Binomial Surd
Any expression that contain two terms in which one or both of the terms are surd is call a

binomial surd expression. To rationalize this surd, we use the idea of the difference of two
squares. For example, to rationalizé - n we multiply it by VM + n to give (\/V)2 -n,

which is a rational numbeyM - n and+/M + n are said to be conjugate of another.

Examples

() Evaluate the following

@ (3v2-6)3v2+6)

8 55 +3 8
O sm1 9uss YDen
Solutions

@  [(3v2-6)3/2+6)=9va+18/2-18/2- 36

9J/4- 36 =18 - 36
=-18

Recalla® - b? = (a+b)(a- b)

) 8 _ 8  [»3+1) 16/3+8
2J3-1 (243-1)" [2V3+1) (243f - (Y

_16J3+8_ 16/3+8

T o12-1 11

31



(545 +3)X(4\/§- 3)
l4/5+3) [55+3)

_ 20x5+15/5 +12/5+9
16x5 - 12,/5 +12/5- 9

(€)

100+27/5+9  109+27/5
80- 9 71

6 X5\/§
5- V2 5+4/2

6(5++/2) _30+ 642 _30+612
5-(J2) 25-2 23

Self Assessment Test

(d)

Simplify the following

(2) V2 x73x/5x /6 x /20
(2) J50x4/72

® (6v7f

@) % ONENE=
(5) % (6) %x%
@ J3(J6+24)

(®) féf (©) ;ig

4.0 Conclusion
This unit considered prime numbers and its relationship with indices. The law of indices
and how it is used in thaasic operation. The relationship between indices and logarithm and the

use of four figure table. Surds and the basic arithmetic operaéiomalso studied.
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The unit considered how surds operations, addition, subtraction, multiplication and
division are carried out. The conjugate of surd was finally considered.

5.0 Summary
The highlights of the unit includes the following.

How numbersare express as product of its prime.

How the fundamental laws of indices are used in the solving of basic problems.
The basic operation about surds was treated.

The rationalization of surds was also treated.

The conjugate of surds.

The relationship leveen indices and logarithm.

= =2 =4 A4 A4 A -

How to use the four figure table for numbers greater than one and numbers less than
one.
1 Using logarithm table for the production, quotient, powers and roots of number.
6.0  Tutor Marked Assignment
() Express the followingsaa product of power of prime.
(@) 15288 (b) 5184

N w

(2)  Evaluate(a) 818 - 3a (b) §e8—1g
¢cl6+
(3)  Simplify
3977 §
.
@) 84a°00°2 ) ;;%164 8
461856 27%
1 2 aLt 44
© hez)> @ 20-@7- 159
g -

1 3 1

(6 42x16* - 42
(5) Evaluate
(&) 34.83x42.87

17.83x 2469

(b)
2562x3.28
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(6) Evaluate

(36.12)* x /925
218x3.12

(7 Simplify the following

/36 81
@ W (b) 3

(c) ~5+12- 427
d) 3/8-3/2 +4/18

@) %@%g @ 2(3/89 + /6

¢
@ (V3- v2)2v5+6)

2 + .58
[ 4v5) i/—z \/_g
. 2 3-3/5
o SN AN
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1.0

I ntroduction

In this unit we will examine fractions as a class of numbers. We will be able to add,

subtract, multiply and divide fractions, decimals and percentages. We will also consider, the use

of fractions in our daily life anhbuman activitis and how fractions can be changed to decimals

and percentages and vice versa.

2.0

3.0
3.1

Objectives

By the end of the unit, you will be able to:

describe a fraction

demonstrate a fractionphrt of a whole

find an equivalent fraction to a given ¢teon and determine whether the two given
fractions are equivalent or not.

state what proper and improper fractions are.

represent a named fraction in symbol.

reduce a given proper fraction to its lowest term or lower an equivalent fracttbe to
least denomination.

carry out basic operation in decimals.

change decimals to percentages and percentages to decimals.

Main Body

The Meaning of Fractions

7

The above circle is divided into 4 equal parts. One (1) of the pastsaded. The shaded portion

can be represent in a fraction form. This fraction tells how the shaded part is related to the whole.

The shaded part can be Written}z@ with one as numerator and four (4) the denominator.
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Note: The numbe above the line is called the numerator, while the one below is called the
denominator. The numerator represents the shaded part of the whole and the denominator also
represent the equal pamg¢o which the whole has beélivided.

In the same way, if avhole is divided into ten (10) equal parts and three (3) parts are
shaded, the faction representing this is Writter%ﬁ. The three is number while ten (10) is the

denominator.

Note: A common fraction can be seen as a short formvrafng a divisionproblem.If you are

asked to share 5 mangos between 8 people which can be wriie@ asg. The fraction line

indicatesdivision. The numerator is called the dividend and the denominator is called the divisor.
Note: A fraction represents a whole (number) and not two numbers.

Take a look at the figure above again the shaded portion is one of the four equal parts. It is one

guarters, it is%r . The three unshaped parts called three quarterrjtien as%.

Naming and representation of fractions go on as illustrated above. The table below extends the
system.

Description Name Symbol
One of two equal parts A half Yo
One of ten equal parts One tenth 1
10
One of five equal parts One fifth 1
5
One of four equal parts One quarter 1
4
Two of three equal parts Two thirds 2
3
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Self Assessment

Complete the table below

Description Name Symbol

Oneof six equal parts - -

Seven of ten equal parts - -

- Four ninths -

- Eight fifteenths -

) ] S
17

- - 11
20

3.2  Equivalent Fractions

Two or more fractions are sairdsentthe sanee equi
value.

Example
Take four orange of equaizes

(1) Take the first one and cut into two equal parts. Paint one paristhatf of the orange
and write down the result.

// <+— Painted parts
1

5 Of the orange is painted
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(2)  Take the seond orange and cut into four equal parts paint two out of the four parts.

/

7

<+— Painted parts

7 2
4 of the orange part is painted

(3)  Take the third orangand cut intaeight equal parts. Paint four out of the eight parts.

/ / «— Painted parts

g of the orangearts is painted

(4)  Take the last orange and cut into 16 equal parts. Paint eight out of the sixteen parts.

A
<

If you look at the four diagrams carefully, you ca observed that ihialhalf of the orange that

is painted.
The painted parts are:

124,8
24 8 16
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Thefraction %% g% represent the same area and they are therefore eglieealent

fraction.
Note: that:

In each case, the numerator and the denominator have been multiplied by the same number to get

equivalent fraction.

Examples
1. The equivalent fractions of
: 1 ,. 3 ,.. 2 . 3 2
I = @ = @) = (@vy = & (v) =
(i) 3 (ii) c (iii) = (iv) 3 (v) 9
. 1. 2 2 1 3 31 4 4
0 —X—==—, =X =-=—,-X—=— etc
3 26 3 3 934 12
N 2 2 6 3.3 93 4 13
(i) —X==—, =X=-=—,—X—=— etc
5 2 10 5 3 155 4 20
2 2 4 2 3 6 2 4 8
(i) =X—==—, =X=-=—,=X—=—eftc
7 2 14 7 3 217 4 28
: 3.2 6 3.3_9 3 4 12
(iv) =x==—, =X=-=—,=-X—-=— efc
8 2 16 8 3 248 4 32
2 2 4 2 3 6 2 4 8
(v) —X—==—, =X —=—,—X— tc

0°2718° 973 27'9°4 36
3.3 Ordering Factions in Terms of Magnitude

In ordering fractions, we have to find the greatest or the least of the given fractions then
compare their results. To find out if two given fractions are equivalent, reducer&etobnfto

lowest term and compared the result.
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Examples

(2) Express%r inits lowest term

Solution

24=2x2x2x3

48=2x2x2x2x3

By multiplication

24_12x2 _6x2 _3x2_ 34 _1

48 24x2 12x2 6x2 3x2 2
Or

By division

24_24 2_12 2_6
48 48 2 24 2 12
PrimeFactors

gf_ 2x2x2x3 XX
48 2x2x2x2x3 Dxaxix2xi

Example 2

N~

€)) Is 7 equivalent toi?
28 36
6 . 8

(b) Is — equivalent to— ?
18 24

(c) Is 8 equivalent tog ?
81
Solutions

€) Is 7 equivalent tog?
28 36

Al NP

x

1
Ol NI
I

I N

Slo B~
>
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(b) Is 6 equivalent toi?
18 24

6_1.6.1
18736 3
8_1.8.1
24378 3
6_1_8
18" 3 24

(c) Is 8 equivalent tog ?
64 81

8_1.8.1
64 8 8 8
9 1 9.1
_:_X_:_
81 9 9 9
1 is not equal tol
8 9

So, 8 is not equialent to3
64 81
Examples3

Mr. Musa is to send money to John and Mary. If John is to take three qL%jfrtergof
g -

the amount and Mary is to receives two fif&gthg. Who receives the bigger amount?
(;, -
Solution

To answer this question, we must make the denominator of the two fractions equal. This
will enable us to know which of the two fractions is bigger.

) . 15 8 .
Since thetwo fraction Z)’ E) havethe same denominator, we check the numerator to see

which is bigger 15 is bigger than 8.
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15 8 3.2
0,—>—o0r —>—
20 20 4 5
So, John gets more money than Mary
Example 4
Which fraction is bigger among the following pairs.
32 23

@ 25 ® 23
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Solution

Since 24 >14\ §>g
7 8

Note: Look for the L.C.M. of 7 & 8 which is 56. Which means the denominator of the two

fractions must be 56.
b —& —
(b) 7 9
LCMof 7 &9 =63

Since 21 > 18, §>2
9 7

Self Assessment Question

1 Which of the following pairs of fractions are equivalent or not.
15 21 24 18 50 16 75 60 2 3
@ iz b —— © —— [ —,—— (6 — —
25 35 120 54 150 48 100 75 22 33
2. Which fraction is greater?
7 5 12 3 3 2 2 2
a —,— (b)) =, = c) —,— d =, =
()106()155 ()95 ()56
3. Reduce the fractions to their lowest terms
100 75 648 675
a— (b)) — () — (d) ——
()120 (b) 150 ©) 972() 1125
4, Arrange the fraction in ascending order of magnitude
256 235
a vy b TR R
@ 3811 (b) 579
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3.4  Improper Fractions and Mixed Numbers
Fractions in which the numerators are less than their denominator is called proper
fraction, otherwise they are improper fraction. For example if you are ask to divide 20 by 4 & 35
by 3. Both can be written as
20-4=29=5
4
35 3:%5:11 remainder 2

.20 35 : .
The fraction " and 3 are called improper fraction; because the numerators are not less than

their denominator i.e the denomioes are less than the numerators.

Note: When we divide 35 by 3 it will giv&l% i.e3—;)=11§

The fractionll% is called a mixed number. Thishecause it has a whole number as well as a

fraction part. All numbers that have a ola as well as a fraction are called mixed numbers e.g
1% ,3§, 3} etc

6 8
3.4.1 Changing Mixed Numbers to Improper Fractions

Mixed number can be express as a single fraction. Recall that a whole number can be

expressas a fraction with a denominator 1. That is, we can expresS/4 as5- 1 =5.

1 3 3 3
Method |
Converting the whole number into the given fraction.

Thatis,§=§x§=1—5
1 1 3 3

Then 1_5+ } = 15+1:1_6
3 3 3 3
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Method I

numerator of the fraction and base the final result on the original denomiﬁ%:td).re

Multiplying the denominator of the fraction by the whole number and add it to the

1_16

5x3=15+1=165—=—
3 3

3.4.2 Changing Improper Fractions to Mixed Numbers

this operation, we divide the numerator by the denominator and write the result as a whole

numberand a remainder. Thremainder is now expressed as a fraction.

You will recall that improper fractiohas its numerator greater than the denominator. In

Examples

1.

(@)

(b)

3.5

fractions. First the addition, followed by the subtraction then the addition and subtraction

simultaneously. Finally, we will solve word problems related to addition and subtraction of

Changel—; to mixed member

1_37: 17 - 3=5remainder 2

23:2
3

\ 1_7:52

3 3

Change (a)%?’ (b) % to mixed number

6_83 = 63- 8= 7 remaining 7
8 8 8
34_ 34. 15 =2 remaining 4
15
15 15 15

Operations of Addition and Subtraction on Fractions including word Problems

In this section, we are gointp learn how to carry out addition and subtraction on

fractions.

46



3.5.1 Addition of Fractions

We can add twor more fractions if thé&actions have the same denominator

Examples
(2) Add (a) = to— (b) —to— (c) —to— (d) —to— (e) —to%
Solution

Since both have the same denominator add the numerators and retain the denominator.

2+5_7
8 8

+

(@)

+

(b)

+

()

+

(d)

+
NP Nl ©lw glw oolo
al
+
w
(o0]

Nw NI ©olon gk, oIN
1]
|
|
I
=

b)) —. —.

gl
[
Ul
=
Ul
|_\

5

5_5 6_30
6 72

12 12
27,16 , 30_27+16+30_73_, 1

72 72 72 72 72 72

Method I

Step 1: Get theCM of the denominators of the fractions.
5

3 2
4+ -4+ =
8 9 12
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LCM =72

:_3+ Z+ E: 72

8 9 12
Step 2: Divide the LCM by the various denominators and multiply each by its various numerator
For 3/8, divide 72 by 8 =9
3x9=27
for 2/9, divide 72y 9 =8 .,e2x8=16
for 5/12, divide 72 by 12 =6
5x6=30
step 3: Add the answers in step 2

3,2, 5 _27+16+30
8 9 12 72

Example (b)
3,6, 5_3+6+5 5
+ —+ = =

(@) T2+ =2 =
11 11 11 11 11

3 6 5 3+6+5 4
(b) T i
7 7 7 7 7
4 2 1 4+2+1 7 .2
(C) —+ —+ — = =-_=1=
5 5 5 5 5 5
+4+9+
(d) £+i+g+§:w:2_3:1§
15 15 15 15 15 5 15
. . 3 2 5 1 2 1 1 3 4 1
3 Simplify (&) =+ =+ — (b) =+ =+ = += (c) —+—+=
3 pfy()8912()4582()753
Solution
(a) §+g+£
8 9 12
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The L.C.M.0f 8,9, & 12 s

2 8,9, 12
2 4,9 6 LCM.2x2x2x3x3
2] 293 8x9=72
3 1,93
3 1,31
1,1,1
2 4,5,6,2
2 2,5,3,1 2X2Xx2x3x5=60
3 1,531
5 1,511
1,1,1,1
Method |
1_1,25_35
4 4 25 60
2_.2,12_ A
5 5 12 60
11,10 10
6 6 10 60
1_1,30_30
2 2 30 60
g§+_g§4_£9+ §9__25+24+10+30_§g_129
60 60 60 60 60 60 60
Method Il
1.2 1.1
o+ S+ = —

Divide 60 by 4 = 25
1x25=25

60- 5=12x2=24
60- 6=10x1=10
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60- 2= 30x1=30
25 24 lO 30
60 60 60 60

Example (c): 3

LCMof7,5&3

3 7,5,3
7,51
7,1,1

1,11

Method |
3_3 15

77715

45
105

_ 84
105

_ 3
105

45 84 35
+

4
4+ =

25+24+10+30 g) 1@
60

1
3

LCM=3x5x7 =105

45+ 84+35_164_, 59

105 105 105
Method I

84 35

105 105 105

45+84+35 164 159

+
105 105 105
Examples 3

(@) 3

105 105 105

Add 5-= +7}
5 5
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) Add3L+6> +72
12 °12 12

© Add3+2% 46l
18 79 '3

Solutions

In this type of fractions, add the whole number parts of the mixed numbers first, then add the
fractional parts.

3 .1
a) 5-+7=
(@) =t

+
54745+ =104 34 1ogp Y1
5 5 5 5 5

=122
5

(b) 71+6£+73:3+6+7+1+£+2
12 12 12 12 12 12

+5+
16+ L +24 9216 172 F0

12 12 12 12

= 162' =16+ 1g
12 12

= 172
12

= 17§
4

(c) 3£3+211+61
18 9 3

=3+ 2+6+1—6 +i1 +}
18 3

= 111_6 +ﬂ' +1‘

18 9 3
LCM of 18, 9, 3 is 18.
16+8+6

18

i.e(18- 18)x16=16

=11

(18- 9)x4=8
(18- 3)x1=6

211302114112 21512
18 18 18
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= 121—2 =12g
18 3

3.5.2 Subtraction of Fractions
The procedure for subtraction of fractions is similar to that of addition,irsiead of
adding the numbers, we subtract.

Examples
(1)  Simplify (a) g

Solution

(a) e = ==

(b)

= NI
1 '
[ N
P

|

I

|

N O BMIEREN
I

R NN
I

(©)

2
of 9
2

16 6 9 _16-6-9 16-15_1
18 18 18 18 18 18

Evaluating fractions involving mixed numbers
Simplify
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23
42

2 1 6
©) 3;- 5 (@) 9 -

3t
2

2 3
= (b) 52_

1
11 11

4.
Solutions

6

(@)

53_ }g
¢4 2+

(5- 3)+

3t
2

53.
4

(b)

a3 19 .3-2
& -—-0=2
c4 2=+ 4

=2+
=2+

T}

_ o)
ol lo._ul

+

A __5

I -
100 I .__.1
) -

]
N 1
oamwc,

+

™

The LCM of 14,7 & 42 is 42

4+ —

42

=18

(42- 14)x6

i.e

=12

(42- 17)x2

=3

(42- 42)x3
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4+18- 12- 3_ 4+ 18- 15
42 42
a3 30
:4%_. _o
c42 3=+
= i:4i
42 14
Evaluating fractions where the fraction you are to subtract is great than the other.
Examples
: : 3 4 5 7 2 3 5 .4 1
1 Simplify (@)1-- — (b) 6--1- (¢) 3=-2—- (d)5=--3—- -=
1) |0fy()55()99()55()993
(a) 1§_ ﬂ:lﬂ. :1&
5 5 5 5
13- 4
5
4 is greater than 3 and since thereng whole number yet used, change it to improper
fraction.i.e.
55 3 8
el==+2=2
55 5 5
Now it will be 5,2 =8-4_4
55 5 5
b 121l =(6-1)+8- 18527
9 ¢9 9+ 9 9
This candét be done since 7>5. What we need to

improper fraction. Then you can work it out.

:4+1§_Z
9 9
:4%-2:45:42
9 9 9 9
2 .31 a2 3 1§
0) 35-22.2=(3-2-0)+%->. 28
© 3525 5= ) % 5 52
:1g_§_}
5 5 5
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Convert 12 to improper fraction before working it out.

12 =7
55

The question will now look like this
7 3 1_7-3-1_7-(3-1)

5 5 5 5 5
r-4_3
5 5
5 .4 1 ab 4 14
d) 52-3-->=(5-3-0)+&-—-- =0
@ 557% 3 ( )99 9 3=
:2?-&-1
9 9 3

Since the sum of 4 & 3 is greater than 5, do not attempt to subtract 4 and 3 from 5. Borrow (take)

1 from 2, remaining 1. Convert the 1 borrowed (taken)glrtd improper fraction.

52 4. 3_1,,2.4.3
9 9 9 9 9 9
_,14-4-3_14-(4-3)
9 9
a4
9 9
3.5.3 Addition and Subtraction (together) of Fractions
3 6 4 9 3 5 3 5 4 7 13 5
1 Evaluatela) —- —+— —-Z+Z. = 2oL
@) e()6918()16864()1258306

These problems are solved by converting the fractions to equivalent fractions having same

denominator.
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Solutions

(@)

(b)

(©)

6 18'9 18 18 18
3649124912+4

6 9 18 18 18 18 18
_9+4-12_13-12_1

18 18 18
2 .3,5.3 Icm=4s
16 8 6 4

9 273 18 5 40 3_36

16 48'8 48 6 48’4 48
9 3,5 3_27 18,40 36

16 8 6 4 48 48 48 48
_ 27-18+40- 36 _ 27+40- 18- 36
48 48

(27+40)- (18+36) _67- 54_13
48 48 48

5,4 7 18,5 cm120

5_50.4_96 7_105
12~ 1205 1208 120

13 _ 50 .5 _100

30 120'6 120

_50,96 105 52 100
120 120 120 120" 120
_ 50+96+100- 105- 52
120
_246- 157 _ 89
120 120
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3.5.4 Addition and Subtraction of Mixed Number

A 65 44,16
77777777
2 1128l
18 "9 18

(3) 14%5-5°-4=-

>
6
2 .7 ,1 2
5 10 2 3

Solution

(2) 67- 4

7+5+1-4-1_,13-10_ 3
7 7 7

@ =112 gl 55
18 "9 18 "6

=1

=\11- 8- 2)e—- —+—- =0
( )(;18 9 18 6=
Lcm =18, 122 L4173
18 9 18 6

7_145_15
9 18’6 18

15 7 17 5 .15 14 17 15
1— -+ - —=1=—- =+ - ==

18 9 18 6 18 18 18 18

15- 14+17- 15 =1(15+17)- (14+15)
18 18

_,32:29,3 3
18 18 3

1
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:1&
6

@ 14%2.57.4

2
5 10 3

7.
10
2 12 7 _211_15 21 15 20

5 3010 30’2 30 30 30 30
12- 21- 15- 20__12- (21+15+20)

=5 =5
30 30

_ 512- 56
30
In this case we can not continue the way it is. We have to borrow (take) two (2) from five (5) and

1.

2

2 7 1 2%
=(14- 5- 4 ae —-=-Z5
( )+ ¢cb 10 2 3=

1.

2

+ 2. 2.1 cM=30
5 3

convert it and add ibt12 and then conclude the work. The 12 at the pin side should})%ead

2260 1o €0, 12_ 72
30’ 30 30 30

/2-56_,16 2_,38

30 30 2 15
3.5.5 Word Problems Leading to Addition and Subtraction of Fractions
Word poblems shold be thoroughly read and translated into addition or subtraction of

=3

fractions before you proceed as explained before to solve.
Lets start with simple examples
(1) Whatis the sum of 2 divided by 5 and three divided by seven?

Solution

The main terms irthe question are the sum of 2 divided by2- 52%, and 3 divided by

2 3_14+15_ 29
The sum=+—-—="—-"=
5 7 45 35
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(2) What is the differencéetween four fifth of one object and three quarters of the same
object?

Solution

Four fifth = g & three quarters =§

Differences is given by subtraction
_4 3_16-15_1

5 4 20 20
(3) If I walked one quarter of a journey, ran one fifty of it and rode on a motorcycle for the
rest of the journey. By whdtaction of the journey is the distance 1 rodeeater than the
distances 1 walked and ran put together?

Solution

| walked % , &ran %of the journey put together my walk and ran will giifer% of the journey

1,1_5+4_9
4 5 20 20

. : : : . .9 11
The journey is an entity (whole) i.e 1. The rest of the journdy %:2—0

(4) Johnis a student of the University of Benin. At a given day, he plays football for one and
three quarter hours, then watches home video for one and half hours, and does his
assignment for one ardree fifth hours. How long did he taken in doing the activities?

Solution
Total time taken = (Time for football + the time for home video time + feigasnent)

Football :12 hrs, home video 4% hrs.

Assignment= 12 hrs

Total time takerr %§ + 11 + 1§ 8hrs

c4 2 5=
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15+10+12
20

—3—hrs +1— hrs
20 % 202

=3

= 4— hrs
20
(5) In an election there were three candidat;ésof the electors voted for the winnérhe

rumberup receivedg of theremaining votes (a) what fraction of the electors voted for

the third candidate (b) if the winner receivé821 votes how may electors voted. (c)
What did runnewup received and the least.

Solution

Three candidates: A, B & C

Let the total votes cast bxe

A received= § of x = %
5 5

The remaining votes isx - 3—5X %= s 3x

_2x
5

B Recelved— of §_§ Xﬁ_ 10x

5 7 5 35

C. VOte:X'%?—X 10X0
¢S 35—

aldx+10x §
-&———0
c 35 =~

24x
35

35x 24x 11x
35 35
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3x

(a) - =6321
. 632])(5 31205 10535

(b)  To know the remaining votes is 10,586324 = 4,214
Note the runneup receive ;of the remaining votes.
5,4214_ 5010

7 1

(c) Those that voted for the last candidate = 10;588321+3010)
(10,5359331)

- 1204
Assignment
) Add@), &Z () &1 (1235 20 (@) 22283
2'3%5 ™ 28'16% 32 376 137759
3 4 2 3 4 1 a4
2)  simplify (@) >- 2 4—-3— c 2—-1 d) 157- 4%. 34
(2) pr()7 5() 9 (c) 2 (d) 5 Y5 3%
1 2 2 10 4 4 1 15
3 Evaluate (a)-- =+ — i T 9 . 3=+
3 @5-3%9 ® 35 30510() 9 6 18
d)16>- 6231, 2
5 °10 "3 6

4) In a mixed school with 840 studen?lsof them are boys. How many girls are there.

3.6 Multiplication of Fractions
We havelearn how to carry out addition and subtraction on fractions. In this section, we
are going to learn about the multiplication of fractions. This we will do in four ways:
(1)  multiplication of fraction
(2)  divisionof fraction
3) simultaneous multiplication and division of fractions and
(4)  word problems leading to multiplication or/and division of fractions
Objective
At the end of this section, you should be able to:

i. multiply two or more fractions together and express the product in its lowest terms
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il. divide a fraction by another fraction and express the results in lowest terms.
iii. carry out multiplication and division simultaneously
Iv. solve some word probtes that involves multiplication or division over fraction.

If we have fractions of the form

If can be seen that in multiplication of fractiove multiply the numerators together and the
denominators together. The product numerab@somes the numerator of the answer and the
product of the denominators becomes the denominator of the answer. If the numerator and
denominator have common factor(s), you reduce the answer to its lowest term.

Example

() Evaluate the following

2 3 5 3 4 3 5 3
a —X— (b)) =x— () =x= (d) =x—
@ 57()94()78()615
Solutions

2 3 2 3 6
€) —X—==X==—

5 7 5 7 35
(b) §X§:§X:—3:1—5

9 4 9 4 36

4 3 4 3 12 4 3
(c) —X—==—X—=— . —=—

7 8 7 8 56 4 14

5 3 5x3 15 15 1
(d) = - =, ==

X_
6 15 6x15 90 15 6
Even if mixed fractios are involved the procedure is the same.

2. Evaluate (a)lxlq’xgxl—6 (b) §xgx§xE
2 5 11 18 7 11 4 2

Solutions
(a) }nggx :%:i
274 11 XXX 22
3 3

3.6 3.1 _ 3334 _27
= XA X=X = =
77117278 = 7xaxax 308

(b)
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3.7 Division of Fraction

The reciprocal ofl IS n, the reciprocal ahis l. So to divide 1.5 by 3, we multiply 15
n m

by the reciprocal of 3 which i%.

This is1l5 - 3= lel—E—S
3 3

Also
40 - 8= 40x}—£)—5
8 8

Thereciprocal of% is g . A number multiply by its reciprocal is one.

Whenyou interchange the positions of the dividend and the divisorfeittathe quotient. So in
the division of one fraction by another fractiée multiply the dividend by the reciprocal of the
divisor.

Examples

(1) Evaluate the following

.. 2 .. 6 3 .. 1
a divide = by 4 (b) divide — by — (c) divide 50 by—
(@) c by (b) T ylo() Y20

Solutions
(a) E 4:2 ﬂ- %:E
5 5 1 5¢4 20
2 2_1
20 2 10
636106)(10601541
(b) —=—X—=——=—. —=—=—=1=
15 10 15 3 153 45 15 3 3
OR

636106)0.02X241

15 10 15 3 15x3 3x@ 3 3
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() 50 —=>. === 2N -1000
2001 20 1 1 1da 1

If a mixed number is involved change itan improper fraction and proceed.

Example

(2) Evaluate
1 1

1 1 3
a) 2-x4--6- (b) —-BZXx>. —
@ 244 %5 (P 3°5

Solution

@ 2lallel
2 3 4

Change to improper fraction first
5 13 25
= X - —_—
2 3 4
5 13 4 5X13x4  1IxA3x2 26 11

273725 2x3x25 1@3x5 15 15

(b) 162 3.1
20 3 5 40
723 L
20 3 5 40
T 330
20 20 5 1

_ 334 _63_, 13

1X10x5x1. 50 50

Assignment

1. Evaluate the following

@ 728 o) 714 (@ slel. Z
7 21 9 5 2 4 16

3.8  Decimals (Addition and Subtraction)

In decimal, the work must be set out correctly. That is units must be under units, the
deci mal poi nts un daadso bnhFor edaepla, iU arepaskitonatdds76.32
and 7.5.

The work must be set out as:
75.32
+5.5
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After the work have be seut in the right order as above, addition and subtraction are done ine

the same way as you do for whole numbers, but always remember to write down the decimal

point when you come to it.

Examples

2 T o

(1)

(2)

®3)

(4)

()

Add 25.36 and 2.68

Add 81.02 and 61.2

Add 1.23 ad 31.01

Subtract 1.23 from 3.72

Subtract 7.05 from 9.14

A string is 82.61m long when new. Lengths of 12.36M and 28.51M and 16.76M are cut
off.

(&) What length of string is cut off altogether (b) How much string is left.
Find the differencéetween 91.21 and the sum of 36.82 and 45.78.

25. 36

+2. 68

28. 04

81.02
+61. 20

142.22

1.23
+31.01

32.24

3.72
-1.23
2.49

9.14
-7.05
2.09
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6(a) Length cut off
12.36m
+28.51m
16.76m

(b)  82.61m
-57.63m
24.98m

7(@ (9121)- (36.82+45.78)
36.82
+45.78
82.60

(b) 91.21
- 82.60
8.61

3.9 Changing Fractions to Decimals

It is usually quicker to divide the numerator of the fraction by its dernatanintaking
care to write down the decimals point as it raises.
Examples

(1) Express the following as a decimal

1 4 3 1 1 7
(a) > (b) c (€) 2 (d) 13 (€) 3 6 -
1_
(@ 5 0.5
2 10
10
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Two into one cannot, write down zero @)d put a decimal in front of the zero. Add zero
to the one (1). Next two into ten, that will give five. Write the fil@vn in fount of the decimal
point. So
1

—=05
2

(b) 0.8

gl s

40

0.75

4 30
28
20
20

(0]
Mlw
1]
o
\]
Ul

=9 1.125
8

|

819

——
8
20
16
40
40
Question (a) to (d) are terminating decimal

e = 0.3333
3 10
9
10
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(f) 0.77%

Y IEN

63
70
63
70
63

% andgare neveending decimal fraction% = 0.3 3%3=é 0& 7776€.

The digits 3 and 7 are respected as adiewe like. We say they are recurring decimal.
0.333é is zero point three recurring and is w
0.777¢é is zero point seven recurring and i s w

Many fractions give rise to recurring decimals. For example

= 0.363636 é. 0.36.

R

= 0.166666¢é¢ = 0.16

ol

Self Assessment Questions

(1)  Express the following as decimals
1 3 1 5 1 7 8 5 .1 7
(@ 1 (b) 5 (c) 2_5(d) 3 (e) 15 Q)] 16 (9) §(h) 11 () 7 (k) 12

3.10 Changing Decimals to Fraction

Any decimal can be expressed as a fraction with denominiohws a power of ten.

For example
0.6 = i, 0.73 -3
10 100
0.125 =12
1000
Examples

Express the following as fractions
(@ 0.8 (b) 0.75 (c) 0.135 (d) 1.25
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Solutions

After writing the decimal number, put one under the decimal point and put zero under every
other number in fount of the decimal point.
075_75_15_3

b) 07502=_1>_3
100 100 20 4
(© 0135213227
1000 200
(d) 125:1_25:£5:§:§_ 1&

100 100 20 4 4

3.11 Multiplication of Decimals

In multiplication, multiply the given numbers without decimal points. Then count the
digits after the decimal points in the numbers being multiplied. Place the decimal point so that
the product has the same number of digits after the point.
Examples
(2) Find the products of the numbers below:

(@ 061x2 (b) 0.78 x0.4 (c) 0.113x0.31

(d) 0.003x0.15 (e) 2.013x0.55
(2)  Acarneed 3.5 litres of petrol of a journey. If a litre of petrol cost 62 kobo, low much will

the journey cost.
Solutions
@ 0.61

X 2

1.22

(b) 0.78
x 0.4
0312
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(c) 0.113
x 0.31

339
113
0.03503

(d) 0.003
x 0.15
003
0015
000045
(e) 2.013
X 055
10065
10065
1.10715

) 3.5
X 0.62

210

70

2.170

OR
3.5
X6 2
210
70
217.0kobo

217 koboN2.17
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3.12 Division of Decimals
In division of decimal numbers, if the divisor is a whole number, divide in the usual way

care must be taken to include the decimal point in the correct place. But if the divisor contains a

decimal fraction, make an equivalent division such that the divisomisode number. To do

that:

(@  count how many places to the right the digits in the divisor must move to make it a whole
number.

(b) move the digits of both numbers to the right by this number of places.

(c) divide as usual.

Examples

(1) 10.71- 63 (2) 1.305- 0.29

(3) 40.2- 0.006 (4) 1.936 3.4

Solutions

(1) 10.71.- 63

0.17e.

63 10.71
6.3
Y
441
10.71- 63 =0.17
(2) 1.305- 0.29 =130.5 29
4.5
_29| 1305
116
14.5
14.5
1.305- 0.29=130.5 29=4.5
(3) 40.2- 0.0.006 = 40200 6

Wl

71



6700
6 40200
36
42
42
—0—
00
00
40.2- 0.006 = 40200 6 = 6700

(4) 1.938- 3.4 =19.38 34
0.57
17.0
2.38
2.38
1.938- 3,4 =1938- 34 =0.57

Self Assessment Question
1. Find the product of
(@ 0.251 and 6.63
(b) 6.83&0.63
(c) 54.3&0.056
2. A ream of paper contains 510 sheets. Each sheet is 0.016cm thick. Find the thickness of

the ream of paper.

3. Find the value of th&llowing division
(a) 1800- 0.06
30 0.3
b — () —
() 0.5 © 0.05
4, A test car travels 98.6km on 7.25 litres of petrol. How many km does it travel on 1 litre of
petrol?
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3.13 Percentages

Remember that 15% mea?%%. Thus 15% is same as 0.15.

15%= 15 0.15
100

This shows that to change a percentage to a decimal fraction, divide the percentageTny 100.
change a decimal fraction to a percentage, multiply by 100.
For example,
0.653 = (0.653 x 1006 = 65.3%
Examples
(1)  Express the following percentages as decimals.
(@) 10% (b) 80% (c) 75% (d) 24%
(2) Express the following decimals as percentages
(@) 0.35 (b) 0.12(c) 0.22 (d) 0.05

Solution
Q) €)) 10%=£=i=01
100 10
b) 806=20-8_0g
100 10

© 79%=""=075
100

d)  24%=22- 024
100

0.35
2 a 0.35=——=35%
2 @ 100 0
)  012=212-_2 _100
(
100 100
C 0.22=0'—22=£=22°/0
(©)
100 100
d) 00520_05:i =50%
(
100 100

Self Assessment of Questions
(2) Express (@) 55% (b) 68%(c) 75% as decimals
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(2) Express (@) 0.11 (b) 0.62 (c) 0.73 as percentages
4.0 Conclusion
The unit considered fractions and its various form and the basic operations on fractions.

Decimal was also considered and how to change from fraction dionaleand decimal to
fraction. The basic operation in decimaias also carried out. The unit also considered
percentages and it various form.
5.0 Summary
The highlights of the unit include the following;

Fractions and its various form.

Basic operatiomn fractions.

Decimals and its basic operation.

Changing from fractions to decimal and decimals to fractions.

= =2 =4 A4 A

Percentages.
6.0 Tutors Marked Questions
S
g
, 3 2 _. . , ar&i
(2) Find thesumof 85 and 65. Find the difference between this sum :

(1) Whatis the sum 021—72 and4

(3) By how much is the sum oﬂg and 14%Iess than25§

(4)  Atank holds 25 litresf water. The capacity of a cupi% of a litre. How many cups of
water does the tank hold?
(5) A farmer usesli6 of a field for growing cassava. He usjefs;)f the remainder for growing

corn whatis left to grow yam?
(6) In a box of 400 oranges, 28 are bad. What percentage is bad and what percentage is good.

(7)  The distance between two towns is 18km. A man walks from one town to the other. He
walks most of the way runs the last 480 metreatwiercentage of the journey did he
run?

7.0 References/Further Reading
New General Math J.S.S.S. 1, 2, & 3.

Mathematical Association of Nigeria (2008): MAN Mathematics for Junior Secondary School
1,2,&3 (39 ed.) Ibadan: University Press PlIc.
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MODULE 1 UNIT 4

Unit 4: Number Bases

Content
1.0 Introduction
2.0  Objectives
3.0 Main Body
3.1 Numbers in base ten (Denary)
3.2 Numbers in other bases
3.3  Conversion of numbers from one base to another
3.4  Basic operation in number bases
3.4.1 Addition and subtraction
3.4.2 Multipli cation and division in different number bases
4.0 Conclusion
5.0 Summary
6.0  Tutor Marked Assignment
7.0  References/Further Reading
1.0 Introduction

In this unit, we will learn how to express numbers in different bases. We have learnt how

to expresseshumbers in the power of prices. There will be three sections. Section 1 will deal

with numbers in base ten, section 2 will be number in other bases and section 3 will be

conversion from one base to another.

2.0

1)
(2)
(3)
3.0
3.1

Objective

At the end of this unit, you sht be able to:
Write numbers in base ten

Write numbers in other bases

Convert number from one base to another
Main Body

Numbers in Base TenDenary)

Somepeople traditionally count insor use market days. When counting week days w

count in & Whencounting seconds or minutes will count in 6@sthe present days it is general

for people tacount in 10s.
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The digits that are used to represent the numbers are 0,1,2, 3,4,5,7,8,9. The value of the

digit is known by the place it oapied in the number. For examp&825 is the same as

6000
+ 800
+ 20
+ 5
6825
In standard form we have
6000 =6 x 10°
800 = 8x 18
20 = 2x1b
5= 5x168
When, we put all together, we have :
683% = 6 x 1000 +8x100+2x10+5

= 6x1G+8x10+2x1G+5x 10
Note:

Since it is based on the power of ten it is callexlbase ten system.
Examples
(1)  Write the expansion form of the following base ten numbers.
0 34568 (i) 132571

Solution
() 34568 =
30,000 =3x 1b
+ 4000=4x 18
+ 500=5x16
+ 60=6x1b
+ 8=8x19
34568
\ 34568 =3x10+4x1+5x1G+6x1d+8x 10
(i) 132571 =

76



100,000 = 1 x 10
30,000 = 3 x 10
2,000 = 2 x 10
500 = 5x 10
+ 70 = 7x 10
+ 1=1x10
132,571

+

+

+

\ 132571 =1x10+3x10d+2x16+5x1¢ +7x1G+1x 10

2)
(i)
(ii)

Write the base ten numbers expanded numbers in their usual form.
7x10" + 6x10°+ 9+1CF + 4x10 + 2x10
9x10+7x10°+2x 13 +3x 10

Solutions

(i)

(ii)

7 x 10" = 7 x 1008 = 70,000
6x 10 = 6 x 1000 = 6,000
9x1F = 9x 100 = 900

4x10 = 4x10= 40
2x10 = 2x1 = 2
76942
9x10 = 9 x 100,000 = 900,000
7x1F = 7 x 100 = 700
2x10 = 2 x10 = 20
3x10 = 3x1 = 3
900,723

Self Assessment Test

(1)
(@)
(2)
@
(b)
(€)

Write the base 10 number below in expanded form

32576 (b) 2005 (c) 3456 (d) 13902

Write down the following base 20 expanded numbers in their usual form.
6x10+7x10 +6x1G +4x 10 +1x 10
8x10°+5x10+5x 16 +2x 10 + 8 x 10
9x10+8x 160+ 7x1G+5x 10 +5x 10
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Section 2
3.2 Numbers in Other Bases

The binary (base two) system is of the number two. The binary systene iof the most
importance system aftethe base ten system. Its importance is because it is used all over the
world by all counters for numerical calculations. The binary system are made up of, only two
number(digits), that is 1 and 0. Computer contia large number of switches. There are two
switches, one of the switch represent 1 which
diagram below shows the first ten binary number in respect to binary number (base ten).

Binary Value in Powes of 2 Binary Numbers (base ten)
1 1x1 1
10 1x2+0x1 2
11 1x2+1x1 3
100 1x2Z+0x2+0x1 4
101 1xZ+0x2+1x1 5
110 1xZ+1x2+0x1 6
111 1xZ+1x2+1x1 7
1000 1x2+0xZ+0x2+0x1 8
1001 1x2+0xZ+1x1 9
1010 1x2+0xZ2+0x2+0x1 10

Numbers can also be written other base numbers such as base eight which is also very
important, base three, base four, base five, and so on.

To write a base ten number in othesés, we have to divide the base ten number by the
lower base numbers.
Examples
(1)  Write the following base ten numbers in base 2, 5, and 8
() 156 (i) 345
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Solution
15610
78RO
39R0
19R1
9R1
4R1

N N N DNDNDDNDDN

Read the answer in the direction of the arrow.
From the bottonto the top

2R0
1RO ‘ 156,0= 10011100

We can also convert 15£0 base 5

5 156
5 31R1

5 6R1
1R1 ‘

156,0=111%

Conversion of 156 to base 8

8 156

156]_0 = 234%
Examples

8 19R4
2R3 ‘

Conversion of 34 to bag 2

2

N N N DNDNDNDN

345
172R1
86R0
43R0
21R1
10R1
5RO
2R1
1RO

345,= 101011001
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Conversion of 34 to base 5

5 345
5 69RO
5 13R
2R3
345 = 234G
Conversion of 34fto base 8
8 345y
8 43R
5R3
3450 = 53%

Self Assessmentest

() Name the three most important base numbers.

(2) How does the computer use base?

3) Convert the following base ten numbers to base 2, 7 and 9
() 132 (i) 716 (i) 431

3.3  Conversion Of Numbers From One Base To Another
In conwerting a number from a given base to a number of another base, first convert such
number to base 10 and then convert the new member to the new base.
Examples
(1) Express 682to base 4
Solution
First convert 682to base ten
6xF+8x9+2xP=6x81+8x9+2x1
=486 + 72 + 2
486
+ 72
+ 2
56 0o
682 = 5600
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Now convert 566, to base 4.
4 560

140R0

35R0

8RO

2R0

20300

682 = 2030Q

A A B b

2. Express 101100%10 base 5

Solution

Convert 101100%lto base 10

10110013=1x2Z+0x2+1x2+1xZ2+0xZ2+0xZ+1x2'+1x 2
=1x128+0x64+1x32+1x16+0x8+0x4+1x2+1x1l
=128+0+32+16+0+0+2+1
=128+32+16+3

=179
Then; convert 178 to bag 5
5 179
5 35R4
5 7RO
1R2 i.e 12045
=10110011=1204%

Self Assessment Test
(1) Express @) 1356, to base 3 & 7
(b) 1423 to base 9 & 6
3.4  Basic Operation in Number Bases
The basic operations of addition, subtraction, multiplicatand division can also be
carried out in number bases.
3.4.1Addition and Subtraction

You can only add or subtract numbers of the same bases.
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Examples
(1) Add213,& 321
213
+ 321
1200

Our addition is in base 4, so wheve add and get a 4 or a number greater than 4, we divide such
number by 4 and write the remainder down under the digits being added and carry the quotient to
the higher digit.
(2) Add 102% and 11014 write the answer in base 2
Solution
Since the finhanswer is going to in base 2, we have to convert 1021 Bagebase 2
first before the addition can take place.
1023; to base 0 before to base 2
1025=1x3+0xF+2x3+1x3
= 1x27+0x9+2x3+1x1
=27+0+6+134)

34

17RO

8R1

4R0

2R0 10010
1RO

N DD N N DN

You then add both number since they are in base 2
10001Q + 1101%
10001Q
+ 1101%
111108
(3)  Subtract
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(@) 3242%from 4321Q
(b) 101% from 1101%
(©) 2345 from 1654 answer inbase 8

Solutions

(@) 4321Q
- 3242%
10234

In this case when you carry 1 it will be called 5 since our operation is in base five and add
to the number before we subtract.
(b) 1101%
-101%
110
(c) To be able taarry out the operation of subtraction, the two number must be in the same
base number. Since the answer will be in base 8, we have to convert to 2345 base 6 to
base 8.
2345 base 6 to base 10 then to base 8
2345%=2x6+3x6+4x6+5x6
=2x216+3x38+4x6+5x1
=432+108+24+5

=569

2345 =569, to base 8
8 569
8 71R1
8 8R6

1RO 106%
=5690=106%
2345% = 106%
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Finally 16451 1061

1654
- 106%

573

Self Assessment Question

(2) Evaluate the following

0) 1013, +1011%

(i) 2312 + 1322

(i) 324, + 132 answer in base 5

(iv) 1213271 3221

(V) 21341 1343

(vi) 34561 5432 answer in base 7

3.4.2 Multiplication and Division in Different Number Bases
In this operation, it my be only one of the number that will be of number base. The other

will be ordinary number.

(1) Multiply (a) 1234 by 4 (b) 56% by 5, (c) 32% by 3%

Solution

@ 1234
X 4
1110%

Multiply 4 by 4 to get 1@livide 16 by 5 it will give 3remainder 1. Write down 1 under the unit
sectionand carry 3. Multiply 3 by 4 and add the previous 3. i.e 12 + 3 = B5= 3 RO. Write
down O carry 3. Continue in this way till the last number.
(b) 56%
X 5
4125
() 325k
x35%
2445
+ 1403
20515
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Examples
(1) Divide (a) 21104by 2 (b) 4579by 6
(c) 2302 by 2
Solution
@ 2 | 2111%
| 10202
The division is a digit in base 3, we find how many 2 are in 2. This gives 1 with no remainder.

Next digit, since 2 igyreater than 1, 2 in 1 is 0 remainder 1 write down O under 1. We now
convert the 1 to 3ince the base of the divided is 3, and add it to the nexttdigive 3 + 1 = 4.

How many 2 in 4. There are &2 remainder 0. Write down the 2 under the next kt!Qalivide

1 is O remainder 1, write down under 1. We now convert the 1 to 3 since the base of the dividend
is 3 and add it to the next digit which is 1 to give 3 + 1 = 4. How many 2 in 4. @reete/o 2 in

4 remainder 0. Write down the 2 under the [hsfThe division is over when you multiply the

answer by 2, you will get the divisor.

() 757G
6 | 7579
1224

6 into 7 gives 1 remainder 1. Write down the 1 under 1. Since it is of base 8, the one remaining
will be call 8 and added to 5 i&+ 5 = 13.6 into 13 will give 2 remainder 1. Write down the 2
under5 and carry 1. Call the one 8 and added to 7 i.e 8 + 7 = 15, 6 into 15 will give 2 remainder
3 write down the 2 under 7 and convert the 3 to base 8 i.e 3 x 8 = 24 add the 24 to thgitnext
which is 0 i.e 24 + 0 = 24 into 24 will give 4 without remainder.
3 2 2302

112%
Divide as in examples 1 and 2 above.
Note that whenever you have a remainder after dividing by the divided you convert the
remainder using bas?.
Self Assessment Test
(1) 1202%x2 (2) 2341x3 (3) 346x15
(4) 432Lx312% (5) 423 x 3%
(6) 3234 3 (7) 662% - 6 (8) 322- 3
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4.0 Conclusion
This unit considered number bases. The conversion from one base teraraothlly,
basic operations using base numbers were treated.
5.0 Summary
The highlights of the unit are as follows:
1 How the counting system is carried out.
i What to do when converting from one base to another.
i The basic operations in base numbers.
6.0  Tutor Marked Assignment
Solve the problems below:
(1) 321%x5 (2) 123x3 (3) 68%x8 (4) 2331- 3
B5) 23%-4 (6) 1046367 - 267

7.0 References/Further Reading

Channon, J.B. et. al (2002): New General Mathematics for Senior Segddcizools. United
Kingdom: Longman Group (FE) Ltd.

National Teacherds I nstitute, Kaduna (2002).
Pivotal Teacher Training Programme (PTTP) (2000).
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MODULE 1: UNIT 5

Unit 5: Approximations, Rate, Proportion & Ratio

Content

1.0 Introduction
2.0  Objective
3.0 MainBody

4.0
5.0
6.0
7.0

1.0

down. Whenwe give the distance and the time that cars, planes or trains use to cover distances, it
is always writterin approximate, when we talk of poputais of a place or state it is always the

estimated one. The population of Benin is estimated to be 8.1 million.

3.1  Rounding off Numbers

3.2  Decimal Point and Significant Figure
3.3  Estimations

3.4  Rate at which things Happen

3.5 Proportion

3.5.1 Direct Proportion

3.5.2 Ratio

Conclusion

Summary

Tutor Marked Assignment

References/Further Reading

I ntroduction

Approximation is writing a number to a desired degree of accuracy, either rounding up or

In this unit, you will be taught various forms of approximations and how they are

computed.

contributions, and consumptions and making provisions in our world of inequalities.
2.0

(1)

a

You will also learn how to deal with problemsvatving sharing commodities,

Objectives
At the end of this unit you should able to:
Round off number

to the nearest whole number
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to a given number of deuil places

to a given number of significant

Solve problems involving:

Rate of doing things wamthe right information is given
proportions when enough information is given and

ratios when necessary and sufficient information are given

Main Body

W w o TP NO T

= O

Rounding off Numbers
When we round off numbers, the digits 1, 2, 3, 4 are rounded down, while the digit 5, 6,
7, 8, 9 are rounded up. When we round down, the digits from 1 to 4 are call zero and while when
rounding up, the digits from 5 ®is call 1 and added to the next digit.
We can also round off numbers to the nearest tens, hundreds, thousands or millions.
Examples
1. Approximate each of the following to the nearest tens, hundreds and thousands.
(@ 12567 (b) 66532 (c) 78537
Solutions
@ TH H T U
12 5 6 7

Since we are stopping at the tens column, so round up 7 units to gives one ten i.e 6 tens + 1 ten =

7 tens.
0] 12567 becomes 12570 to the nearest ten
(i) In case of the hundred, we will stop at the column of hund@dound up 6 tens to give

1 hundred, i.e. 5 hundreds + 1 hundred = 6 hundreds.
\ 12567 becomes 12600 to the nearest hundred
(i) Inthe same way, in thousand 12567 = 13000 i.e round off 500 to give 1 thousand and add
it to 12 to give 13,000.
() TH H T U
66 5 3 2
) 66 3 3 2 = 66530 to nearest 10 round down
(i) 66 3 3 2 = 66500 to nearest 100 round down
(i) 66 332 =67000 to nearest 1000 round up
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() TH H T U
78 5 3 7
) 78537 = 78540 to nearest 10
(i) 78537 = 78500 to nearest 100
(i) 78537 = 79000 to nearest 1000
Self Assessment Test
Approximate the numbers below to the nearest (a) ten (b) hundred (c) thousand (1) 56781
(2) 8236 (3) 95788
3.2 Decimal Point and Significant Figure
Numbers can also be round off to decimal placasnbers can also be approximated to
various significant figures. The number zero is only significant if it is situated after any none
zero real number in the whole number part e.g. in 2508, the zero is significant, but in 0.054,
12.30 and 0.00048 the zemm® not significant.
Examples
(1) Round off each of the numbers below to:
0] one decimal place
(i) two decimal places
(i)  three decimal places
(@ 0.006 (c)7.7010
(b) 4.715 (d) 16.8077
Solutions
(@ 0.0066= 0.0to 1d.p
=0.00 to 2d.ps
=0.007 to 3d.ps
(b) 4.2715=4.3to 1ld.p
=4.27 to 2d.ps
=4.272 to 3d.ps
(c) 16.8077=16.8 to 1d.ps
=16.81 to 1d.ps
=16.808 to 1d.ps
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(d 7.7010 =7.7to 1d.p
=7.70 to 2d.ps
=7.701 to 3d.ps

(2)  Approximate 186.75 to

@) 1sf. (b) 2s.f. (c) 3s.f. (d) 4s.f.
Solutions
(@) 186.75=200to 1 sf.
(b) 186.75=190to 2 sf.
(c) 186.75 = 187 to 3 sf.
(dy 186.75=186.81t0 4 sf.
Here, the rounding off is carried after the number of significant figures are indicated.
(3) Approximate 0.08567 to

(@ 1st. (b) 2sf. (c) 3sf.
Solutions
(&) 0.08567 =0.09to 1 st.

The zeros before the first real number is not a significant figure. The rounding off is done
after the first real number.
(b) 0.08567 =0.086 2 sf.
(c) 0.08667 =0.0857 3 sf.
Self Assessment Test
(1) Round of the each of the following numbers to
€)) 1dp (b) 2dps (c) 3dps (d) 1sf (e) 2sf. (f) 3sf.
(1) 0.006875 (2) 0.06759
(3) 7.5426 (4) 10.678
3.3  Estimations

This is roundingff of values before or after calculation has taken place. It means given a
round idea of the answers.
Examples
(1) A school with 52 class has 41 students in one of the SS 1 class. What is the estimated

populations of students in the school.
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Solution
1. Since we are estimating the student population, we round off the number to 1 sfi.e
52=50&41=40
No of Class = 50
No of students per class = 40 population of students in school =50 x 40 = 200 or
(2)  Assume all class has the same number of staden
=51x 41=2019
= 2000 students to 1 sf.
Assignment
(1)  Approximate each of the following to 2 and 3 sf.
(@ 0.02356 (b) 3.456 (c) 40582
(2)  Approximate each of the following to 2 and 3 decimal places
(@ 45.325 (b) 3.8136 (c) 4B
(3) A school has 9 classes. One of the classes has 43 students. Estimate the numbers of
students in the school.
3.4  Rate at which things Happens
The expressian 60km/h,N100/day 10km/litre are all examples of rates. The first rate
tells the distancedone in 1 hour. The second tells how much money is maddageiVhile the
third tells the distance traveled on 1 litre.
Examples
1. A car goes 180km in 3 hours. What is its rate in km/h?

In 3 hours the car travels 180km.
In 1 hour the car will trave}%)km: 60km

The rate of the car is 60km/h.
2. Mr. John gets 18,00 for 6 days work what is the rate of pay per day? In 6 days Mr. John
gets N18,000

In 1 day Mr. John will get@)= N3000

Mr. John rate of pay is N3000/day
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3. A caruses 50 litres of petrol to travel 850km. Express its petrol consumption as a rate in
km per litre.
On 50 litres the car travels 850km

On 1 litre the car will trave:L%)km:Nkm

The petrol consumption is 17km/litre
4, Calculate the tax on M¥0,000.0, if the rate of tax is 3 kobo in (a) a naira (b) N50.00

(@) In N1.00, tax is 3 kobo # 3
100

\ in N 150,000.00. the tax & &> x 1200008
o OO 1 =
N 4500
3

(b) In N50.00, tax is 3 kobo ¥ —
100

In N 150000.00, the tax #i 15Q10008
N 90
Assignment
1. A boy cycles at a rate of 10km/h for 3% hours. How far does he travel?
2. A trader reduces all his prices by 20kobo in the naira. Find the new price of a shirt which
originally cost N80O0.
3. A farmer needs 10 men to clear his farm in 5 days. How many men will he need, if he

must finish clearing the farm in 3 days.
3.5 Proportion
This is a relation between two variable in which one of the variable is as multiple of the
other.
Example
1. A man gets N1000 for 10 days of work. Find the amount for (a) 5 days (b) 30 days
(c) ydays
Solution
For 10 days the man gets N1000
For 1 day the man will get N10G010 = N100
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@ For 5 days the man will get 58100

=N500
(b) For 30 days thenan will get 30 ¥N100

=N 3000
(c) For y days the man will get y»100

=N100y

The above method is call the unitary method. By unitary method, we first find the rate for one
unit before answering the set question.
Examples
Mr. Ojo bought 20 bids for N600.00
€)) How much will buy 13 birds?
(b) How much will buy 8 birds?
(c) How many birds can N4,620.00 buy?
Solution
€)) 20 birds cost N6600.00
1 bird will cost N6600 20 = N330

For 13 birds = N%)x%:QQO (or N330 x 13)

(b) For 8 birds = = N%gox%:%m (or N330 x 8)

(c) If N330 can buy 1 bird.
How man birds can N4,600.00 buy

= @ = 14 birds
30

3.5.1 Direct Proportion
A direct proportion is a proportion in which one variable increases aslagkethe other
variables increase.
Example 3
The cost of 5 books is N480.00. Find the cost of 8 books.
Here as the books increase in number, the money to buy it also increases.
5 books cost N480.00
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48000

1 book cosid =96.00

2 books will cet N96.00 x 2

3 books will cost N96.00 x 3 and so on

\ 10 books will cost N96.00 x 10 = N9600.00

Such proportion are called direct proportion. There are some proportion that are not direct.
Example 4

Six man can weed a plot in 18 days. How many daitstuake 9 men to weed the same plot?
6 men weed the plot for 18 days

1 man will weed the plot for 18 x 6 day

\ 9 men will weed the plot fd#ls%sz 12 days

In the above example, the number of days decreases as the number of measnBegortion
of this natural is called inverse proportion.
3.5.2 Ratio

This is a way of comparison, it allows us to compare the magnitude of two or more things
that are related.

Both parts of a ratio may be multiplied or divided by the same nunitbisr.usual to
express ratios as whole numbers in their lowest terms.

Notation
By way of notation, ratio can be written @satob (ii) a:b (iii) %

In (i) & (ii), the number corresponding to the first number of the ratiosisally written first
while the number corresponding to the second number of the ratio comes next.

In (i) ratio is expected as a fraction. The first number of the ratio becomes the numerator
while the second number of the ratio becomes the denominatoe Etio can be express as
fraction it behaves like fraction. But ratio are usually reduced to the lowest form. Note that in
ratio;

(@) the quantities being compared must be in the same unit.

(b) Ratio has no unit
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Expressing One Quantity as a Ratio bAnother Quantity
Examples
(2) Express 60 kobo as a
(@) ratio toN1.00
(b) ratio toN1.80
Solution
(@) 60 kobo:N1.00
60 kobo: 100 kobo
=60:100
=6:10=3;5
(b) 60 kobo:N1.80
60 kobo: 100 kobo

60:180
6:18
1:3
(c) Express 10mm as a ratio of 7cm
3. Express 3 days as a ratio of 3 weeks
4. Express 15mins as a ratio of 1 hr
Solutions
= 10mm: 7em [Since 10mm}
10mm:70mm =1cm
= 10:70
= 1.7

3. 3 days: 3 weeks

3 days: 21 days [Sinlc\?vgeizyﬂ
3:21

1.7
Sharing Quantities in a given Ratio

The sharing of quantities is uslyabest done through the use of ratio, in our every day

activities.The Federal Government use ratio in the sharing of nation resources to states based on
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their population. In financial partnerships, profits are usually shared in the ratio of the amount

contributed by the partners. Sharing are done in our homes based on needs or age of the children.

Examples

1. Share the sum of N50,000.00 between John and Joseph in the ratio of 6:2. Calculate
Johnds and Josephdés shares.

Solution

Quantity to share = N5000.00

Sumofratio=6+2=28

50,000

\ value of a sharb! =6250

Johnds share to Josepho6s share 6: 2

\'Johndés share = 6 x N6250.00
=N37,500.00

Josephds share = 2 x N6250.00
=N12,500.00

(2)  Share 120 bags of rice between two villages in &tie of 5:3.
Solution

Quantity to share 120 days of rice sum of ratio=5+3 =8
\ onevillage sharel—zO:lS bags

The first village will get 15 x 5 = 75 bags

The second village will get 15 x 3 = 45 bags

(3) Three sons are aged 16 yedr8,and 11 years. Two hundred and forty (240) sheep are
shared between them in the ratio of their ages. How many sheep does each get?

Solution

Ratio of sond6s ages = 16:13:11

Sum of ratio = 16 + 13 + 11 = 40

1 share _240 sheep
40

=6 sleep
Age 16 = 16 x 6 sheep = 96 sheep
Age 13 =13 x 6 sheep = 78 sheep
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Age 11 =11 x 6 sheep = 66 sheep
They will get 96, 78 and 66 sheep respectively
4.0 Conclusion
The unit considered rounding off numbemecimal point and significant figure,
estimations and rate at whighing happen
5.0 Summary
The highlights of the unit are as following:
How decimal point and significant figure are carried out.
How to estimate.

Rate of which things happens.

6.0  Tutor Marked Assignment
Solve the problemsdabow;
(1) Approximate (a) 23467 (b) 556782 to the nearest ten, hundred and thousands.
(2) Round off (a) 8.7658 (b) 6.6815 to (i) 2dp (ii) 3dp
(3)  Approximate (ap.0056 (b) 10.67&o (i) 2dp (ii) 3dp
(4)  Share the sum @4100,000.0etween Maryand John in the ratio of 5:2. Calculate their

shares .

7.0 References/Further Reading

Channon, J.B. et. al (2002): New General Mathematics for Senior Secondary Schools. United
Kingdom: Longman Group (FE) Ltd.

National Teacher6s. I nstitute, Kaduna (2002)
Pivotal Teacher Training Programme (PTTP) (2000).
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MODULE 2: Algebraic Process

Unit 1: Factorisation and Linear Equations

Unit 2: Quadratic and Simultaneous Equations

Unit 3: Algebraic Graphs

Unit 4: Change of Subject of Formulae

Unit 5: Linear Ineqalities

UNIT 1: Factorisation and Linear Equations

Content
1.0 Introduction
2.0  Objectives
3.0 Main Body
3.1 Expansion by removing brackets.
3.2  Factorisation by taking common factors.
3.3  Factorising algebraic expressions involving fractions.
3.4 Simplifying algebraic exprasons involving fractions.
3.5 Solving linear equations.
3.6  Solving linear equations involving fractions.
3.7  Solving linear equations involving word problems.
4.0 Conclusion
5.0 Summary
6.0  Tutor Marked Assignment
7.0 References/Further Readings
1.0 Introduction

This unt is designed to give you an understanding of the nature of algebraic expression

and linear equations. It will acquaint you with the techniques of factorizing and simplifying

algebraic expressions and solving linear equations. You are therefore encdoragsdly the

unit carefully.
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2.0  Objectives
By the end of this unit, you should be atde
(1) expand algebraic expressions by removing brackets;
(2) factorise algebraic expressions by taking common factors;
(3) factorise algebraic expressginvolving fractions;
(4)  simplify algebraic expressions involving fractions;
(5) solve linear equations;
(6)  solve linear equations involving fractions;

(7)  solve linear equations involving word problems.

3.0 Main Body
3.1 Expansion by Removing Brackets
An algebraic expression may be of the form a(b+c). In order to expand this expression,
youremove brackets. In removing the brackets, you must observe certain rules. These includes:
1. if there is a positive (+) sign in front of the bracket, any sign ecting the terms inside
the bracket must remain unchanged. For example, a(b+c) = ab+ac.
2. if there is a negative ) sign in front of the bracket, any sign connecting the terms inside
the bracket must change. For examgdéy+c) =-ab-ac.
Examples
Remorve brackets from the following expressions.
(1) P@-2 (2) 5(P+b) (3) r(7s-19 (4) - A(2s- 1)
6) -3a-2 (6) 6@a+y-5@a-3
Solutions
P(q- 2) =Pq- 2P
5P +6) =5P+30
r(7s- 15 =7rs- 1&

- 3a?- 2)=- 3a’+6

1
2
3
4, - 3(2s- t) =- 6st+3t?
5
6 6(a+1)- 5@a- y=6a+6- ba+l5=a+21

99



Self Assessment Exercise

Remove brackets from the following expressions.
1) -a@t+tl) (2 -a(@-]) (3) 3a-3-b
3.2  Factorisation by Taking Common Factors

When factorizing an algebraic expression involving two or more terms, you look for the
common factor among the terms and take it Autommon factor is number of letteoy can
find in all the terms of the expressiofiaking out the common factor will imply introducing
brackets. The common factors(s) could be a letter, a number or both. Consider the expression,

rp+rs+rt. You can observe that r is common te tinree terms in the expression. If you take
out this common factor r you will have:

rp+rs+rt=r(p+s+t). Consider another expression:+10rt +15rs. You will observe that

5 is a common factor and r is also a common factor. If youdakthis common factor (5r), you
will have 5r? +10rt +15rs=5r (r + 2t +3s).

Examples

Factorise the following express®n
1. 5r+10rt +15*s

2 10r%t- 20r%t* +30r *ts

3 14rst+21r *s’t?

4. 16ab’- 24a’b + 4ab

5 3xy+ 2abx+5rsx

6. (x+ry)r+t)+(x+y)r- )
7. (2r +3y)? +5y(2r+3y)
Solution

1. 5r+10rt +15r2s=5r(1+ 2t +3rs)

2 10r2t- 20r %t +30r %ts=10r %t(1+ 2t +3S)
3 14rst +21r >s*t? =7rst(2+3rst)

4. 16ab?- 24a’b+4ab=4ab(4b-6a+1)

5 3xy +2abx+5rsx= X3y +2ab+5rs)
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6. (xry)r+t)+(x+y)r- 3)=(x+ y)(r+t)+(r- )]
=(x+y)r +t+r-3]=(x+y) (2r- 2t)=2(x+y)(r - t)
7. (er+3y)f +5y(2r +3y)=(2r +3y)(2r +3y)+5y]=(2r +3y)2r +3y+5y]
=(2r +3y)(2r +8y)= (2r +3y)2(r +4y)=2(2r +3y)r +4y)
Self Assessment Exercise 2
Factorise the following expression.

1. ab + 2a’b*+ 3ab
2. 6rt -3t +12r%
3. (r+t)3p+a)- (r+t)(p+3q)

3.3  Factorising Algebraic Expression Involving Fractions
When factoizing algebraic expressions involving fractions, the first step is to equalized
all the denominators. This is done by finding the lowest common multiple (L.C.M.) of the
denominators. For examples, in factorizing the expression;
a. b

4+
2x 4y

You find the L.C.Mof 2x and 4y which is 8xy. Therefore,
a . b _ 4day+2bx _ 2(2ay+bx)

2x 4y 8xy 8xy
_ 2ay+bx
4xy
Also, consider the expression:
a;S a+l
4 5

The L.C.M. of 4 and 5 is 20. Therefore,
a-3 a+l_5(a- 3)- 4a+1)
4 5 20
5a- 15- 4a- 4
20
a- 19
20
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3.4  Simplifying Algebraic Expressiors Involving Fractions

To simplify a fractional algebraic expression, first factorise the expression then reduce
the resulting fraction to itdéds | owest ter m.
Examples
Simplify the following expessiors.

@ 2,a%2 @ 2.3
2 3 at+l a-1
) (a+b), 5) n ., .m
9 2n+l 2m-1
3)  5a- _3(2a+b) 6 X1ox+l
11 X+3 Xx-3
Solutions
1 a;2+ a+2
' 2 3
The L.C.M. of 2 and 3 is 6. Themt
a-2 a+2_3(a- 2)+2(a+2)
2 3 6
_ 3a-6+2a+4_5a- 2
6 6
, (a+b)  _(a+b) b
9 9 9
The L.C.M. of 9 and 1 is 9. Therefore
(a+b) b _ (a+b)+9 _a+b+9b
9 1 9 9
a+10b
9
3 - 3(2a+b):@_ 3(2a+b)
11 1 11
_5a_ (6a+3)
1 11

The L.C.Mof 1 and 1is 11.

\ 5 (6a+3b) 55a- 6a- 3 _4%- 3
1 11 11 11
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4, 2.3

a+tl a-1
LCM ofa+landal=(@a+1)(d 1l

2 . 3 _2(-1+3a+l)_2a-2+3a+3
a+tl a-1 (a+l)a-1) a’+a-a-1

_ ba+1l
a’-1

n m

2n+1- 2m-1

L.C.M of 2n+ 1 and 2l is (2n+1) (2ml)

n m _n(2m-1)- m2n+1) _2mn- n- 2mn- m
2n+1 2m-1  (2n+2)(2m-1)  4mn+2m- 2n-1

-n-m
Imn+2m- 2n-1

6 X- 1_ x+1
' X+3 x-3

LC.Mofx+3andx 3is (x + 3)(Xi 3)

x-1 x+1_(x- 3)(x- 1)- (x+3)(x+1)
X+3 Xx-3 (x+3)(x- 3)

X2 - 3x- x+3- (X2 +3x+x+3)
X?+3x - 3x- 9

X% - 4x+3- x*-3x- x- 3
x> +3x - 3x- 9

-8x _ 8x
x*-9 9-x°

Self Assessment Exercise 3

Simplify the following

(1) M+3x (2) i_ i
5 a+b a-b
5 6

3 >~ _F

3 X-2 X+3
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3.5 Solving Linear Equations
An equation is a mathematical statement that shows two algebraic expressions to be equal
in value. For example, 4P + 40 = 10P + 12 is an equalibe unknown in this equation is P.
Since the highest power of P in the equation is 1, the equation is called a linear equation. The
above equation can only be true if p has a particular numerical value. To solve an equation
means to find the particulaumerical value of the unknown, in this case (P).
Examples:
Solvethe following equations.
4P + 42 =10P + 12
4si 6 =22
11 =9ti 16
16 +8pi 14=8i p
2t + 197 5t=ti 5
371 (3ai 7)=43
6(10r-2) = 8 (6r + 4)
7(5p-4)1 10(3pi 2)=0
3(6 + 7y) + 2(1i 5y) =42
10. 3T [3(1+x)1 2x]=3
Solutions
1. 4P +42 = 10P + 12

© © N o o s~ w DdhPE

Collect like terms by bringing the numbers together and the terms with P together. Remember
that when a term crosses an equality (=) sign, theddigre term is changed.

427 12 =10R 4P

simplifying, we have

30 =6P
Since 6 is a common factor of 30 and 6, we can divide both sides of the equation by 6. this gives:
30_ 6P
6 6
5=P
or
P=5
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4si 6 =22

Collect like terms

45 =22+6

4s = 28

Divide both side by 4
4s 28

4 4
s=7
11 =9ti 16
27 = 9t
Collect like terms
11 +16 =9t
Divide both sides by 9
r_ %
9 9
3=t
or
t=3
16 +8pi 14=8i p
Collect like terms
8p+p=8+14 16
9p =22 16
9p =6
Divide both sides by 9

2t + 197 5t=ti 5
Collect like terms
2t7 5t1 t=-571 19
2tT 6t =-24
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At =-24
Divide both sides by4
-4 - 24

-4 -4
t=6
37 (3ar 7) =43
Remove brackets
31 3a+7=43
Collect like terms
-3a=431 77 3
-3a+43 10
-3a =33
Divide both sides by3
-%a_ 33

3 -3
ai -11
6(10r1 2) = 8(6r + 4)
Remove brackets
60ri 12 = 48r +32
Collect like terms
60r7 48r=32 + 12
\ 12r=44
Divide both sides by 12

7(5pi 4)7 10(3p2)=0
Remove brackets
35pi 281 30p+20=0
Simplify

35pT 30pi 28+20=0
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10.

3(6+7y)+2(1- 5y)=42
Remove brackets
18 + 21y + 2 10y = 42
Collect like terms
21yi 10y = 42i 1871 2
11y = 42i 20
11y =22
Divide both sides by 1
11y _ 22

11 11
y=2
3x - [3(1+ X)- 2x] =3
Remove the inner brackets
3x- [3+3x- 2x] =3
\ 3x- 3- 3x+2x=3
Simplify
-3+2x=3
Collect like terms
2x=3+3

2X=6
Divide both side by 2
2X_6

2 2
X=3



Self Assessment Exercise 4
Solving the following equations.
1.  12a+(1- 7a)=31
2. 43n-1)=11n- 3(n- 4)
3. 2-5(5t-2)-9z- 2)
3.6  Solving Linear Equations Involving Fractions
To solve a linear equation inling fractions, the first step you should take is to clear the
fractions. This you can do by multiplying every term in the equation by the L.C.M. of the

denominators of the fractions. Consider the equation.

The L.C.M of 2 and 3 ah2 is 6.

Multiply all the terms in the equation by 6. It gives;

6X E’ :6)(3l +6_X1
2 3 2

6a 6a 6
_ L0

2 3 2
Simplifying further, we have
3a- 2a+3
Collecting like terms gives
3a=2a=3
a=3
More examples are hereby getl to make it clearer.
Examples

Solve the following equations

4n 17 6n-1
I

3 21 7

54 52

(2) =

2p+7 3p-4
(3) p_8+§ :2_S+l

10 5 5 10
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6a+3 2a-1

(4) 7 3
5) 3x+2 2x+3 _3
5 3
Solutions
4n 17 :6n- 1
3 21 7

L.C.M. of 3,2 and 7 is 21.
Multiply all the terms of the equation by 21.
21(4n)  21(17) _21(6n- 1)
3 21 7
This is equal to:
7(4n)i 17 = 3(6R1)
Remove brackets
28ni 17 = 18ni 3
Collect like terms
28ni1 18n =-3 + 17

Simplify
10n=14
Divide through by 10
1on_14
10 10
n=7/5
54 _ 52
2p+7 3p-4

L.C.M of the denominators is (2p + 7)E3). Multiply each term in the equation by the L.C.M.

542p+7)3p- 4) _522p+7)@3p- 4)
2p+7 3p- 4

This gives:

54(3pi 4) =52(2p + 7)
Remove brackets
162pi 216 = 104p 364



Collect like terms:
162pi 104p = 364 + 216

58p = 580
Divide both sides by 58
58p _580
58 58
p=10
9S 3 .25 7
3. — =+
10 5 5 10

L.C.M. of the denominators is 10
Multiply though by 10.

(i—i) +10(—:) :10(2—58) +10(1—73
This gives

9S + 2(3) = 2(2B+ (7)
Remove bracket:
9S+6=45+7

Collect like terms:
9S14S=7i 6

Simplify

55=1

Divide both sides by 5

5 1

5 5
s=15

10

6a+3 _ 2a-1
7 3
LC.Mof7and 3is 21

Multiply through by 21

(4)

21(6a+3) _ 21(2a-1)
7 3
This gives:
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3(6a+3)=7(2a 1). That is
18a+9=14a7

Collect like terms:

18ai 14a=-71 9

4a =-16

Divide through by 4.

da _ -16

4 4

a=-4

3X+2  2x+3 _
5 3

L.C.M. of denominators is5L

3

Multiply through by 15, we have
15(3;<+ 2) 15(2;+3) _153)
This gives

3(3x + 2)-5 (2x + 3) = 15(3)
Remove brackets:

9x + 61 10xi 15=45
Collect like terms

91T 10x=45+15 6
Simplify

-X =607 6

-Xx =54

X =-54

Self Assessment Exercise 5

Solvethe following equations.
4x+2  6X+2
+ =

1. 0
4 6
2. i = 1
X+1 2x+4
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5x+16 N X _4x+2

4 2 3

3.7  Solving Linear Equations Involving Word Problems

Word problems are problems stated in words rather than being expressed with numbers
and leter. In this case, you are expected to read the sentences carefully and based on your
understandingformulate an equation from it. You can then sobthe equation using the
procedures you have learnt. Consider the following examples.

(1) There exist a cé&in number. When the number is multiplied by 4 the result is the same
as adding 15 to the number. Find the number.
Solution

The first step is to carefully read through the question and understand it. Now, what is
this certain number? Make a representafior it. Let the certain number be x. multiply x by 4.
This gives 4 x. The question say 4 x is the same as adding 15 to x. That is:
4x=x+ 15
Collecting like terms gives:
4xT x=15
Simplify
3x = 15.

Divide both sides by 3
3 _ 15
3 3
X=5
2. The sum of 6 and one third of n is one more than twice n. Find the value of n.
Solution
The sum of 6 and one third of n can be expressed as:

6+%n. That is

6+g. Twice n can be expressed as 2n

One more thatwice n can be expressed as:
2n + 1.

Therefore, the resulting equation is:
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6+ =on+1
3

Multiply all terms in the equation by 3. This is to eliminate the denominator 3. This give:

3(6)+3 (n) =3(2n +1)

3

Remove brackets and simplify
18 +n=6n+3
Collect like terms.
18 -3=6n1 n
15="5n
Divide both sides by 5.
3=n
or

=3
3. The result of adding 15 to a certain number and dividing the answer by 4 is the same as

taking that number from 90 and dividing the answer by 3.

€)) Express this statement as an algebraic equation.

(b) Find the value of the number.

Solution

Let the number be.

Adding 15 to the number and dividing by 4 can be expressed as

X+15
4

Taking that number from 90 and dividing by 3 can be espBs.
90- x
3
Therefore,
x+15 90- x
4 3
L.C.M. of 4 and 3 is 12. Multiply through by 12
12(x+15) _ 12(90- x)
4 3
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3(x+ 15) =4(90" x)

Remove brackets

3x+ 45 =360 4 x

Collect like terms3x + 4x = 3601 45. Simplifying, we have:

7 x= 3601 45

7x=315

xX=45

(4) Esther and Andrew shateN800.00 such that Esther gi25.00 more than Andrew.
Calculate how much each gets.

Solution

Let Andrewds share be

\ Esther6s x»#28r e wi |l | be

The total amount shared = N80O.

That is

X+ X+ 25 =800

2x + 25 = 800

2x = 800i 25

2x= 775

x = N387.50

Andrew got N38.50

Estherds share = 387.50 + 25 = N412.50

(5) Arrectangle is 4 times as long as it is wide. If the perimeter of the rectangle is 50cm, find
() the wide of theectangle (ii) the length of the rectangle

Solution

Let the widthof the rectangle be.

\ Length (L) = 4x
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Perimeter of rectangle=L+ W+ L+ W
That is:

4X + X + 4x + x =50cm
10x = 50cm

X =5cm

(i)
(ii)

The width of the rectangle 5tm
The lengh of the rectangle #(5) = 20cm

Self Assessment Exercise 6

A rectangle is 2 times as long as it is wide. If its perimeter is 48cm. Find the length of the

rectangle.

4.0

Conclusion

This unit considered factorization and linear equations. Procedurexpanding and

factorizing algebraic expressions were discussed. Solutions of linear equations including linear

equations from word problems and fractional linear equations were also discussed.

5.0

Summary

The highlights of the unit includes the followgin

When removing brackets in an algebraic expression, if there is a positiver(#) &ignt

of the bracket, any sign connecting the temssde the bracket must remain unchanged.
If there is a negative) sign in front of the brackeany sign connding the terns inside
the bracket must change.

When factorizing an algebraic expression involving two or more terms, look for the
common factors among the terms and take it out.

When factorizing a fractional algebraic expression, look for the L.C.M ef th
denominators and multiply each term in the expression by it.

To simplify a fractional algebraic expression, factorise the expresthen reduce the
resulting fractions téheir lowest terns.

To solve an equation means to find the particular numesadaé of the unknown.

An equation is linear if the highest power of the unknown is 1.

The first step in solving fractional linear equations is to clear the fractions.

Tutor Marked Assignment

Remove brackets from the following expressions.
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(@ 3(s+1)+7(s+2) (b)) 6(S+6)- 5s- 10
(©  2P+1)-32p- 12)- 33p- 1)

2. Fractorise the following expressions.

(@)  6st+ Xt+ 4st

()  (2n+3m)(m- n)+ (m- n)(6n- 9m)

3. Simplify the following

4 5
a - -
@ X-2 X-3

o g
5
4. Solve the following equations.

€)) 6ai 2 (1-9a) =58
(b)  5(10ti 2)T 9Bt +2)i 12=0

1 1
€ —=
atl 2a+4
(d) 3- +5+£:7p-+1
2 3 3
5. A certain number is multiplied by 7 the result is the same as adding one third of the

number to 20. Find ghnumber.
6. The length of a rectangular table top is 3% times its width. If the perimeter of the table
top is 414cm, find (i) the width (ii) the length of the table top.
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1.0 Introduction
This unit is designed to give you insight into quadratic and simultaneous equations. It
will help you to understand the nature of these equations and the different methods of finding
solutions to them. In addition to the methods that will be discussed in this unit, we also employ
the use of graphs in finding solution to quadratic and simultaneowsi@ug This aspect
(graphical solution) will be considered in unit 3. You are encourage to study the unit carefully.
Make sure your understand one step before moving to the next.
2.0  Obijectives
By the end of this unit, you should be able to do thewatg:
factorise quadratic expressions
solve quadratic equations
solve simultaneous equations using elimination method
solve simultaneous equatuasing substitution method

Main body

W w k~ w NP
=)

Factorisation of Quadratic Expressions
A quadraic expression is one in the fora¥ + bx + c wherea, b, and ¢ are constants and

ais not equal to zero. For exam@# i 5x + 3is a quadratic expressiant is also possible to



have more than one unknown in a quadratic expression. For exa8mipte5xy + 2y is a
guadratic expression with two unknowrandy. Note that the highest power of the unknown is
always two. There are three methods we can employ in factorizing a quadratic expression.
Method One: Difference of Two Squares
Note: The differencefdhe square of two quantities is equal to the product of their sun and their
difference. Consider the expressiant(b)(a - b).
Removing brackets we have
a’i ab+abi b
Simplify, gives
a?i b That is
(a+b)(a b)=a%i b?
Therefore when f&orizing a term of difference of two squares, first write each term as a square.
Consider the following.
1. P4
P? = (P)
-4=-(2)
P*i 4=P%i 2*
P*i 4= (P + 2)(P-2)
2. 4&i 9
=(2a)’i 3
= (2a + 3)(2ai 3)
3. 5P% 7 45¢f
Neither5 nor 45 is a perfect square. But 5 is a factor of 45. So divide both terms by 5. Which

give P?i 9¢f

Write each term as a square.
(PY'T (30
= (P +3qg)(Pi 3q)

4. 16 -25
= (4h)i (5

= (4h + 5)(4hi 5)
Method Two: Factorization by inspection
Suppose we want to factorise the expresafon6a + 8.
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Our goal is to writea® + 6a + 8 in the form ( ) ( ) and fill the brackets. We know that a
will appear first in the brackets aafi= a.a. Then,a® + 6a + 8 = (a+ é)(a+ é).
The next step is to I&ofor two numbers such that their product is + 8 and their sum is + 6. the
number pairs wich have their product as + 8 are
+8 and +1
-8 and-1
+4 and +2
-4 and-2.
In order to know the right pair to pick, check which of the pairs will have their sure t6.
(+8) and ¢1) = +9
(-8) and €1) =-9
(+4) and (+2) = +6
(-4) and ¢2) =-6
Since +4 and +2 gives the correct sum, we conclude that
a’+6a+8=(a+4)(a+2)
Examples:
Factorise the following expressions.
. X*i 10x + 16
look for two nunbers whose products is + 16 and surin 19.
16 =-8xT 2
-10 =x-8 and-2
[ X271 10x + 16 (Xi 8)(xi 2)
i, nPi 11m + 28
look for two numbersvhose product is +28 and sum14.. These aré7 and-4
m’i 11m + 28 = (i 7)(mi 4)
Method Three: Factorisation by Grouping
To factorise by grouping we must have a number of terms that we can put into groups.
For instance, if the quadratic expression has three terms you must find a way to make it four
terms so that you can group in twos. Consitderfollowing examples.
1. X+7x+10



+ 7x can have be express &8 + 2x. We have choosefi 5x and + 2xbecause the
product of 5 and 2 is 10 and the sum of 5 and 2 is &ti¥h
X+ 7x + 10 = ¥ + 5x + 2x + 10
= (x* + 5x) + (2x + 10)
=X(Xx+5)+2(x+5)
=(x+5)(x+2)
2. X2 1 10x+ 21
-10x =-7xT 3x
Note: that it is only7 and-3 that have a product of + 21 and a survlof
X1 10x +21 = x*-7x-3x + 21
= (x*- 7x) + (3x- 21)
=X(X-7)-3(x-7)
= (x+7)(x-3)
Alternatively
Find the product of the®land last terms.
X x 21 = 21X
Look for two numbers, such that their product ig’2and their sum i$ 10x (the middle

terms).

Factors of 24 sum of factors
21xandx 22x

-21xandi x -22X

-7xandi 3x -10x

+7x and + 3x + 10x

The right factos are- 7xandi 3x.So we substitute these fbrlOxin the expression.
X*-10x + 21 = X - 7x- 3x- 21
= (x?- 7x)- (3x- 21)
=X(X-7)-3(x-7)
= (x-7)(x-3)
3. 4%V 37xy + 9y
-37xy can be exm@ss as 36xyi xy
This is becauséx’ x 9y = 36x°y°. Two factors whose product 86xy* and sum is37xy (the

middle term) aré 36xyandi xy.
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=(4x%1 36xy)i (xyi 9y?)

=4x(XT 9y)T y(xi 9y)

(X7 9y)(4x1 y)

Self Assessment Exercise 1

Factorise tb following quadratic expressions

) Using inspection method (ii) Using grouping method

(@) t+0ti22

(b)  6p*i 13pi 7

3.2  Quadratic Equations

Consider the equation

Xi3x+2=0

The F'step in solving this equation is to factorise the expressiothe left hand side. You can
employ any of the methods of factorization discussed in section 3.1 that is most appropriate.
X1 3x+ 2 = (x1 2)(x-1) that is(xi 2)(xi 1) = 0.

When the product of two terms is zero, is either of the terms is zbaitoterms are zero. So if
(x7 2)(x-1) =0.

either

XxT2=0o0r x11=0

if X7 2=0,thenx=2

ifxi 1=0thenx=1

| x=2or1l

These values (2 and 1) are called the roots of the quadratic equation. This implies that solving a
guadratic equi#on is the same as finding the roots of a quadratic equation.

Examples

Solve the following quadratic equations.

(1) Xi7x+10=0

(2) 2P*i5Pi3=0

(3) 16rf+8n+1=0

(4) 4£149=0

(5) 6nf=m+1

Solutions

1 X1 7x+10=0
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This can bdactorised by inspection

(x-5)(x1 2)=0

Either

x15)=0 or X1 2=0

ifxi5=0 ifx-2=02

Thenx=5 thenx=2

Thatisx =5 o0r 2

You can check whether your answer is correct by substituting the answers into the equation.

21 7x +10=0

Whenx =5, x*i 7x + 10

521 7x5+10=0

251 35+10=0

-10+10=0

Whenx = 2,

XT 7x+10=21 7x2+10

=47114+10=-10+10=0

2. This shows that the answers x = 5 or 2 are correct
2p%i 5pi 3=0

This can be factorised by granp,

2P* x -3 = -6p°

Two factors whose product &* and sum i§ 5pare-6pand p.

Substitute these febpin the equation. That is

2p°1 6p +pi 3=0

(2p?1 6p) + (pi 3)=0

2p(pi 3)+ (p1 3)=0

(pi 3)2p+1)=0

Eitherpi 3=0o0r2p+1=0

IfP7 3=0then, P=3

If 2P + 1 =0, then, 2P 4

\ p=-1
2
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3. 16rf+8n+1=0

This can also be factorised by grouping.
16rf x 1 = 161

Two factors whose product i$rf and sum equdb 8n are 4n and 4.. Substitakeese for 8n.
That is

16rf+4n+4n+1=0

(16rf +4n) + (4n+1) =0
dn(dn+1)+@4n+1)=0
@4n+1)(4n+1)=0

Either

An+1=0

n=- % twice

4. 471 49=0

Note that the left hand side is a difference of two squ&®express each term as a square.
(tPi (77=0

2t+7)(2ti 7)=0

Either

2t+7=0 or 21 7=0

=+ 7
t=+ 77,

5.  6nf=m+1

Rearrange the equation to give a quadratic expression on the left hand side and zero on the right
hand side. That gives

6nfi mi 1=0

This can be factorised by grouping

6nf xi 1 =-6nf

two factors whose product i6nf and sum equalsm are-3mand2m substituting these fam
in the equation gives

6nti 3m+2mi 1=0

(6nfi 3m) + (2mi 1)=0

3m(2m-1) + 2mi 1) =0

(2m7 1)(3mi 1)
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Either
2mi 1=0 or 3m+1=0

If2mi 0=0then2m=1and m =%

If3mi 1=0then3m=1and m %

m:%or%

Self Assessment Exercise 2
Solving the following equations
1. F+79+12=0
2. n’i 4n=0
3. 25f=9
3.3  Simultaneous Linear Equations
Simultaneous Linear Equations are a pair of linear equations in two variables say x and y.
The pair of valuesf x and y are such that they satisfy the equations simultaneously (at the same
time). To solve a pair of simultaneous equations, you can use graphical method, elimination
method or substitution method. Elimination and substitution methods will be didcustas
unit, while graphical method will be treated in unit 3.
Elimination Method
In this method of solving simultaneous linear equations, you eliminate one of the
unknowns and solve for the other. Then, the solved one is substituted into anygqfatiens to
find the value of the unknown earlier eliminated. Consider the following examples.
Examples
Using the method of elimination solve the following simultaneous equations.
1. a+b=7;aib=3
2. 5pT 39 =8; 2pi 59 =7

3. 153+2t:7;1)s+%:3

Solutions

atb=7;aib=3

1. Write down the equations and label them.
a+tb=7------ 0)
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Think of how to eliminate any of the unknowns, eithanr b. Since the coefficients df in both

equations are numerically the same, both having opposite figndl, be eliminated if both

equations are added.

Equation(i) + Equation (ii) gives;

atb+aib=7+3

a+ta=7+3

2a=10

_ 10
2

substitute 5 fom in equation | (you can also substitute &in equation ii).

a 5

This is gives

5+b=7

b=715

b=2

Thatisa=5&b=2

(2) 5pi3q=8;2pi 5q=7
Let5pi 3q=8----- )

Find a way to equalize the coeffioieof any of the unknowns in both equations. Multiply
equation 1 by 2 and equation ii by 5 and label them equation 3 and 4 respectively.
Equation (i) x 2 and equation (ii) x 5.
10pi 60 =16----- (i)
10pT 259 =35----(iv)
Subtract equatio (i) from (iv)
10p = 25qi 10p71 (-6q) = 3571 16
-25q + 6g =19
-199 =19
19

= =-1
q - 19
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Substitute-1 for g in equation (i).
5pi 3(-1) =8
S5p+3=8
S5p=813p=5
_5/_
| P= 5=1
(3) Thesolutionigi=-1&p=1
155+ 2t = 7; 10s +t§ = 3. Let
15s +2t=7---- (i)
t ..
10s+—- =3----(ii
5 (ii)

Multiply (i) by 1 and (ii) by 4
(i) x1 =15s + 2t =7- - - - (iii)
(ii) x4 = 40s + 2t = 12- - - (iv)
Subtract (iii) from (V)

40s + 2ti 15si 2t =121 7
40si 158 =12i 7

25s =5

=S
25

Substitute % for Sin (i)

S

15XE+2t:7
5

3+2t=7
2t=4

t=%=2

That is,S= % andt = 2.
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Substitution Method

In this method of solving simultaneous linear equations, you write one of the unknown in
terms of the other unknown and substitute this expression into the second equation. Let us now
solve the examples above using substitution method.
1 a+b=7------ 0)

From equation (i)

a=7ib

Substitute7 7 b for a in equation 2.
71 bib=3

71 2b=3

2b=37

-2b=-4

IN

=2

b=

N

Substitute 2 for b in equation (i)
a+2=7
a=7-2
a=>5
Thatisa =5 andb =2
(2) 5pi39=8----- 0)
2p1 5q=7----- (i)
From equation (ii)

_ 7+
2

Substitute for P in equation (i)

ge7+—5qg- 3q = 8- - - (iii)
¢ 2 =+
Multiply equation (iii) by 2 to clear the fraction.
5(7 + 5q)7 69 = 16
35 + 25q1 69 =16

25qi 6q = 161 35

5



19q =-19

19
Substitute” 1 for g in equation (i).
5pi 3(-1) =8
5p+3=8
5p=81 3
5p=5

gl o

p =
p=1
Thatisg=landp=1
(3) 15s+2t=7----- (i)
t ..
10s+—- =3----- ii
5 (ii)
Multiply equation (ii) by 2 to clear fraction. That givé)s +t = 6 - - - (iii)

For equation (i)
7-15s

t=—==7
Substituter%S fortin ------ (i)
We have:

20s+ "1 g . (iv)

Multiply (iv) by 2 to clear the faction.
40s + 71 15s =12

40si 15s =127 7

25s =5

5

Substituting% for sin(i) gives:

15x%3+2t:7
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Thatiss:% &t=2.

Self Assessment Excise 3
Solve the following equations
) by elimination method
(i) by substitution method
(1) 2X + 3y =24; 3x + 2y = 26
(2) 6ai5bi14=0;3a+2bi 16 =0
3.4  Simultaneous Linear and Quadratic Equations
It is impossible to have a simultaneauations in which one of the equations is linear
and the other quadratic. The equations can also be solved by adopting the methods discussed
earlier in this unit. All you need to do is to study the question carefully to find out whether
elimination or subtitution method will be most appropriate at any point in time.
Examples
Solve the following equations.
(1) 3%idy=-1;2xiy=1
(2) Xiy'=27;x+y=3
() 4%iy=15
2xTy=5
(4) 2X1T 5y =7
Xy =6
Solution
1. 3T 4y =-1----- 1)

Substituting for y in equation 1.
3¢ -4(2xi 1) =-1



3¢ -8x +4=-1

That is

3T 8x+5=0f ----- (4)

Recall that x 3x = 15¥

Two factors whose prhuct is+ 15X and sum is8x are-5x and-3x substitute-5x and -
3xfor -8xin equation (4). That gives

3% -5xi 3x+5=0

Factorise the expression on the left hand side.
(3x?- 3x)+(5- 5x) = 0

That is:

3x(x - 1)+ 5(1— x):O

That is

- 3x(1- x)+5(1- x)=0

(1- x)(5- 3x)=0

either

1-x=0 or 57 3x=0
Then,1=x or 5=3x

and§:x
3

That is

x=1 or %
Substitute fox in equation 3.
Whenx =1
y=2(1)-1
y=2-1
y=1
is S
Whenx is é
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y=2

=7
v="14
The solution of the simultaneous equations are:

09.54.7%4)

In each bracket, the'humber is the value ofwhile the other is the value gf

|- OO

-:E)-l
3

B

The left hand side of equation 1 is a difference of two squares. Then,
(x+y)x- y)=27---- (3

From equation 2,

X+y=3

Therefore,

3(x- y)=27

X- y=9----- (4)

Add equation 2 and 4 to eliminate one of thé&nown.
X+y+xiy=3+9

2x =12

X=6

Substitute 6 foxin 2.

6+y=3

y=3-6

y=-3

Solution =6, 3

3. ATy =15------ 1)

The expression on the left hand side of equation 1, is a differenwe gfquares. So express

each term as a square.

(2x)*(y) ?=15. That s,
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But 2x1 y = 5from equation 2. Substitute 5 f@ki yin equation 3.

5(2x+y)=15

10x +5y =15 ----- 4)

Multiply equation 2 bys. Which gives
10xi by =25------ (5)

Subtract equation 4 from 5.
10xT 5yT 10x7 5y = 2571 15
-10y =10

y=19/1p="1

Substitute-1 for y in equation 2.
2x1 -1 =5
2Xx =4

X = %:2

Solution

x=2,y=-1 (2;1)

(4) 2XT By =7----- (1)

Substitute foy in 1.
2X- 5 X §=7
X
Multiply through byx to clear the fraction. It gives
2X7 30 = 7x
2)%¢-7xi1 30=0------ (3)
30 x 20% = 60X
Two factors whose product 80X and suni 7xarei 12xand+ 5x

Substitute 12xand5x for 7xin equation 3. That gives
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2% -12x +5xi 30 =0
(227 12x) + (5xi 30) =0
2X(XT 6) + 5(x1 6) =0
(x1 6)2x+5)=0
either
X16=0 or 2x+5=0
then ifx1 6=0 if 2x +5 =0,then

2x =-5and
X=6 xzﬁ
2

Thatis,x =6 or 75 Substitute fox in equation 2.

Whenx =6

6

=—=1
6

y

When x= —5

y:6 X%_

0_58
92+

Solution
Self Assessment Exercise 4
Solve the following equations
(1) X+y?’=34;x+y=2
(2) Xi4f=9x+2y=1
4.0 Conclusion

This unit xrayed quadratic expressions, quadratic equations, tsinadus linear
equations and simultaneous linear and quadratic equations. Different methods of factorizing
guadratic expressions as well as methods of solving quadratic equations were discussed. Also,
different methods of solving simultaneous linear equtiand simultaneous linear and quadratic

eguations were considered.
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5.0 Summary
The following are the highlights of the unit.

1 A quadratic expression is one in the foasi + bx + ¢, wherea, bandc are constants
anda is not equal to zero.

1 A quadratc expression can be factorized by inspection, by grouping and by
difference of two squares.

1 The difference of two squares of two quantities is equal to the product of their sum
and their difference.
A simultaneous equation can be solved by eliminatiothatkor substitution method.
Quadratic equation can be solved by factorization, by completing the squares and by

formular which is not discussed in this unit.

6.0  Tutor Marked Assignment
1. Factorise the following
(@) ab+bd +b?c + bf
(b)  12x%y + 24Xy + 30Xy
(c) 3ac + 3ad + bc + bd
2. Solve the following equation
x3i 10x + 25 = Oby factorization

3. Solve the equationd 14U1 3 = 0 by completing the square
4. Solve the following pairs of simultaneous equations
€)) 2XTy=8;3x+y=17
o Xy 1.2x 3y 2

8 20 4 3 3 15
() 4% -9y¥=19;2x+3y=1
(d 3x+y=25xy=8
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MODULE 2: UNIT 3
UNIT 3: Algebraic Graphs
Content
1.0 Introduction
2.0 Objectives
3.0 Main Body
3.1 Graphs of Linear Equations
3.2 Graphs of Quadratic Equations
3.3 Graphs of Simultaneous Linear Equations
3.4 Graphs of Simultaneous Equations, one Linear one Quadratic
4.0 Conclusion
5.0 Sumnary
6.0 Tutor Marked Assignment

7.0 References/Further Readings

1.0 Introduction

As mentioned in unit 2, equations (linear, quadratic, simultaneous) can be solved using
graphs. These graphs are called algebraic graphs. Solving equations graphically involves
cdculating a range of values of the unknown for which the equation is true or are true
simultaneously. These points are then plotted on a Cartesian plane. Using a graph paper. The
vertical and horizontal lines drawn on the plane are called axes, y isousbél the vertical axis
while x is used to label the horizontal axis. This unit is designed to give an understanding of how
to solve different types of equations using graphs.
2.0  Objectives

By the end of this unit, you should be able to pilot:
1. graphs of linear equations

graphs of quadratic equations

3. graphs of simultaneous equation
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3.0 Main Body
3.1 Graphs of Linear Equations
Consider the equation,
yT x=3
This is a linear equation. Note that the highest power of the unknown is one.
From that equation, we have:
y=3TX.
Pick a range of values &fand calculate the corresponding valueg .of
Suppos =-1,0,1,2,3,4.
Whenx = (-1)
y =371 (1)
y=4
Whenx =0
y=310=3
Whenx =1
Y=311=2
Whenx = 2
y=3i2=1
When x=3
y=3-3=0

Representing this in a table gives

x |-1 10 |1 |2 |3

y (4 |3 (2 |1 |0

The figure below is the graph ok(+ y = 3)

The scale is 1cm to 1 unit. If scale is not given, you can choose your own scale.



ZDA Tt =
-t =
- = t

Note that the graph is a sat line graph. Linear equations always give a straight line graph.
Consider another example.

Using a scale of 2cm to 1 unit on thaxis and 1cm to 1 unit on the y axis, plot the graph of

y = 3x + 5Swith values ofx ranging from-2 to +2.

Solution

y=3x+5Whenx=-2y=3(2)+5=-6+5=-1

When x =-1

y=3(-1)+5=-3+5=2

Whenx =0

y=30)+5=0+5=5

Whenx =1
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2
11

8

11

2x + 5 forvalues of x ranging from 0 to &) 2x +y

=

1

3+5

6+5

2

-1

EXERCISE/QUESTION NUMBER:

L LT iN
T i ! Hﬂ- ¥ENREARRAN 1
1] il I I |l A+ ;
_:___ ERRERNI [T i I _.:

31)+5

y:

Whenx

3(2)+5

y:

-2

The scale of the vertical and horizontal axes can be the same and they can also differ.

Self Assessment Exercise 1
Plot the graphs (1y
ranging from 8 to 8.



3.2  Graphs of Quadratic Equation
Recall that in a quadratic equation, the highest power of the unknowns is two. Graphical
solution of quadratic equations follows the same procedure as graphical solution of linear
equations. A table of values vfindy is developed by caldating corresponding values pfor
a range of values of Consider the following examples.
(2) Plot the graph of the quadratic equation:
y =2¥17 2. Thatis, values of x from 3 to 3
Solution
y=2¢71 2
Whenx = -3
y=2(-3Fi 2=2(9)i 2=181 2=16
When x = -2
y=2(-2-2=2(4)-2=812=6
Whenx =1
y=2(1Fi2=2(1)i2=212=0
When x =0
y=2(0¥i 2=2(0)i 2=01 2=-2
Whenx =1
y=2(1¥i 2=2(1)-2=212=0
Whenx = 2
y=2(2F12=2(4)-2=812=6
Whenx =3
y=2@3Yi2=2(9)i 2=181 2=16

X -3 -2 |-1|0 |1 (2 |3

y |16 |6 |0 |-2|/0 |6 |16
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EXERCISE/QUESTION NUMBER:

Scale: 1cm to 2 units on y axis. 2cm to 1 unit on x axis. Note that the graphs cut tHeand=

+1. the points x =1, +1 are called thmots of the equation.

2 Pl ot the graph of the following quadratic
y=x%1 3xi 2for0< x< 4

Whenx =0

y=0%1 3(0)1 2=07 07 2=-2
Whenx =1
y=(1Y13(1)i2=113-2=-11 5=-4
Whenx = 2
y=2213(2)-2=41 61 2=-4
Whenx = 3

y=313@3)i 2=91912=-2
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Whenx =4
y= #i 3(4)-2=161 12i 2=2

x |0 |1 |2 |3 |4

Y |2 [-4 [4]2]2

D i e ——

The roots of the graph are the points at which the graph cuts the x axis;
Root isx =-0.6, 3.5.

Note that the graph of a quadratic equation is always a curve. When the power of the
unknown is positive, it will have a minimum value at the burning point. But it is negative the
graph will have a maximum value at the burning point.

Self Assessment Exercise 2

Plot the graphs of the following quadratic equations and find their roots.

1. y =21 4xi 2 for-3< x< 3.
2. y=(X+1)(x-2) for-2<x<3
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3.3  Graphs of Simultaneous Linear Equations
Simultaneous equations are arpaii equations having a range of valuesxandy for
which the equations are true at the same time. To solve simultaneous equations graphically,
develop a table of values for each equation and plot the two sets of points on the same axes.
Consider thedllowing examples.
1. Plot the graph of the following simultaneous equations.
X+y=4
2XTy=6 for -1<x<6

Solution

y=41-1=4+1=5
Whenx =0
y=410=4
Whenx =1
y=4711=3
Whenx = 2
y=412=2
Whenx = 3
y=413=1
Whenx = 4
y=414=0
Whenx =5
y=415=-1
Whenx = 6
y=4-6=-2
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The values are represented in the table below.

x |-1]0 |1 |2 3|4 |5 |6

y |5 |4 |3 2|10 [1]-=2

From(2)

2XT yT 6

y=2X1 6

Whenx = -1
y=2(-1)16=-26=-8

Whenx =0
y=2(0)-6=0716=-6
Whenx =1

y=21)i 6=2716=-4
Whenx = 2
y=22)i6=4i6=-2
Whenx =3
y=2(3)-6=6-6=0
Whenx = 4
y=24)16=816=2
Whenx =5

y=25)i 6=101 6=4
Whenx = 6
y=2(6)-6=121 6 =6

x -1 ]0 |1 ]2 3 (4|5 |6

y |8 |6 |-4|-2]0 (2[4 |6

Plot the two sets of points on the same axis.
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Intersection and it represent the smn of the simultaneous equations.

(2) Using graphical method, find the solution of the simultaneous equations.
2Xx+3y =6
X+y=5 for -2<Xx<5

Solution
Let

Whenx = -2
6- 2(-2) _6+4_£)_
3 3 3

3.3
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Whenx =-1

6-2(1)=6+2=2_3=2.7
3 3 3
Whenx =0
y= 6-2(0):6+0:§:2
3 3 3
Whenx =1
_ 6- 2(1):6-2:ff:13
3 3 3
When x =2
_ 6-2(2:6-422207
3 3 3
When x=3
_ 6-2(3)_6-6_9_O
3 3 3
Whenx = 4
_ 6- 2(4)=6-8_g=_0.7
3 3 3
Whenx =5
y= 6- 2(5)=6-1O=i,:_1'3
3 3 3
Whenx = 6
6-2(6)_6-12_ﬁ__2
3 3 3
X [-2 -1 (0|1 |2 |3 |4 5 6
y 33272 |13/07|0 |-0.7 |-1.3 |-2

From 2.

y =571 X
Whenx = -2
y=51-2=5+2=7
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=-1

Whenx

=6

y=5i-1=5+1
When x

=0

y=5710=5
When x

=1

=4

y=5711
Whenx

=2

y=5712=3
When x

=3

2
4

y=513=
When x

y=514=1
Whenx

=5

=0

y=515
Whenx

=6

516=-1

y:

5

EESSE!

+

e

ESEESEEEE!
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Ss=msa:
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;
-

12 |3 |4

0

-1

-2
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Scale: 1cm represent 1 unit oot axis
Solution:ly=9 &y =-4
Self Assessment Exercise 3
Using graphical method, find the solution of the following simultaneous equations.
x+y=1
2XTy=4 for -3<x<5
3.4  Graphs of Simultaneous Equations, One Linear And One Quadratic
Recall that the graph of a linear equation is always a straight line, while the graph of a
guadratic equation is always a curve. To solve linear quadratic simultaneous equations, follow
the procedure described in section 3.3. The result will be a curve stnaight line graph on the

same axes with one or more points of intersection.

Examples

1. Solve graphically the pair of equations.
y = 2X
y=3¢1 5x+3 for -2<x<4

Solution

Let y=2X------ 1&y=3¢1 5X+-3------ 2

From(1)

y = 2X

whenx = -2

y =2(-2) = -4

Whenx = -1

y=2(-1) = -2

Whenx =0

y =2(0) = 0

Whenx =1

y=2(1) = 2

Whenx = 2

y =2(2) = 4

Whenx = 3

y =2(3) = 6
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When x=4
y=2(4)

I
(0]

X |-2 -1 |0 |1 |2 |3 |4

Y |4 |-2 |0 |2 |4 |6

From (2)
y=3%i 5x+3
Whenx = -2

y=3(-2)i 5(-2)+3=12+10+3=25
When x =-1
y=3(1)P-5(-1)+3=3+5+3=11
Whenx =0

y=3(0fi 5(0)+3=0i 0+3=3
Whenx = 1
y=3(1f-5(1)+3=315+3=1
Whenx = 2

y=32fi 5(2)+3=121 10+3=5
Whenx = 3

y=3@3Fi 5@8)+3=27+15+3=15
When x =4

Y =3(4Y1 5(4) +3=48+20+3=31

X |-2 -1 |0 |1 |2 3 |4

y |25 (11 |3 |1 |5 |15|31
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2¥% 7 3xi 6 and
17 3x for -3< x< 4

3

Draw a tangent to the curexat -1, and find the gradient of the tangent at that point.

Hence find the solution of the equation

Solve graphically the pair of equations
281 7=0

y
y

Scale: 1cm represent 5 units on y axis 1cm represent 1 unit on x axis.

The graphs meetd the points

These are the solutions of the equations.

2.

(b)

Solution
Let

y
y

27 3xi 6 ------- (1)and

1-3Xi === ===~ (2)

From (1)
Whenx



y=2(-301 3(-3)i 6=18+91 6=21
When x =-2

y =221 3(-2)i 6=8+6i 6=8
When x =1

y=2 (17 3(1)i 6
y=2+3-6=-1

Whenx =0

y = 2(-0)%1 3(-0)i 6 =07 07 6=-6
Whenx =1

y=2(1fi 3(1)i 6=2i 31 6=-7
Whenx = 2

y=22Fi 3(2)i 6=8i 61 6= -4
When x = 3

y =2(3Yi 3(3)i 6 =181 97 6 =-3
Whenx = 4

y = 2(4F71 3(4)i 6 =32i 121 6 = 14

X [-3]-2]-1 0|1 |2 |3

2
y [21 |8 |-1 |[-6|-7]4 |-3

From (2)

Whenx = -3
y=113(-3)=1+9=10
When x = -2
y=13(-2)=1+6=7
Whenx = -1
y=1i3(-1)=1+3=4
When x =0
y=1130)=1-0=1
Whenx =1
y=113(1)=113=-2
Whenx =2
y=113(2)=1i 6=-5
Whenx = 3

y=1-3(3) =11 9=-8
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Whenx =4
y=171 34) =11 12=-11

X |-3 -2 |-1]0 |1 |2 |3 |4

y |10 |7 |4 |1 |2 |[-5|-8 |-11

Equate equations 1 and 2. That is

227 3xi 6 =11 3x.Then

2X 7 3x+3xi 671 1=0

2Xi7=0

The solution o2 1 7 = 0is given by points P and g on the graph.
P=(1.8,45)&q=-(.9, 7).

b. Gradient (AB) :£:8cm
CB

Self Assessment Exercise 4
On the same axis, draw the graptyef 2 = x(x+1) andy = 2xfor-3< x< 3
(b) From your graph, find the solution of the equati®r xi 2 =0
4.0 Conclusion
In this unit, graphical solutions of défent types of equations were discussed. This

includes graphical solution of linear equations, quadratic equations, simultaneous linear
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