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About this module
This module has been produced by Institute of Adult Education.

Al1 modules produced by Institute of Adult Education are

structured in the same way.

How this module is structured

The module overview

The module overuiew gives you a general introduction to the

module. Information contained in the moduie overview will help

you determine:

' If the module is suitabie for you;

. What you will already need to know;

. What you can expect from the module; and

. How much time you will need to invest to complete the

module.

The ovewiew also provides guidance on:

' Study skills;

. Where to get help;

. Module Unit assignments and assessments;

. Activity icons; and

' Units.

The module content

The module is broken down into units. Each unit comprises of:

. An introduction to the unit;

. Unit objectives;

We strongly recommend that you read the olen'ierv catelully

beltrre starting irour study.



,.tn
\#About this module

Resources

Your comments

Unit outcomes;

New terminologies;

Core content of the unit with a variety of learning activities;

A unit reflection;

Unit assignments andlor assessments, as applicable; and

Answers to Unit assignment and/or assessment.

For those interested in leaming more on this subject, we provide
you with a list of additionai resources at the end of this module.
These may be books, articles or reb sites.

Aftel completing thrs module we wouid appreciate it if you would
take a few moments to give us your feedback on any aspect of this
module. Your feedback might include comments on:

. Module content and structure.

. Module reading materiais and resources.

. Unit assignments.

. Module assessments.

. Module duration.

. Module suppofi (assigned tutors, technical help, etc.)

Your constructive feedback will help us to improve and enhance

this module.

2
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Module overview

Welcome to this module
Dear leamcr. r'velcorlre to module 7 rvhrch has three units. Unit one deals r'i'ith V

Pythagoras Theorem , the second unit discusses the Appllcation of Trigonometnc

in solving real life problems and the third unrt Demonstrates Geometrical

Transfomations.

I hopc 1,ou will enjoy reading the module.

General competence

Study skills

Upon completion of this module you sirould be able to

. Verifu Pythagoras theorem,

' Apply trigonometric ratios and

. DemonstrateGeometricaltransformations

As an adult learner your approach to leaming wiil be diffelent to

that fi-om your school days: you u,ill choose what you want to

study, you will have plof'essional and/or personal motivation for

doing so and you will most likely be fitting your study activities

around other professional or domestic responsibilities.

ba

re
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Module overview

Essentially you wiil be taking conffol of 1,our learning

environment. As a consequence, you will need to consider

performance issues related to time management, goal setting, stress

management, etc. Perhaps you will also need to reacquaint yourself

to areas such as essay planning, coping with examinations and

using the web as a learning resource.

Your most significant considerations will be time and space i.e. the

time you dedicate to your learning and the environment in which
you engage in that learning.

We recommend that you take time nou,-before starting your self-

study-to familiarize yourself with these issues. There are a

number of excellent resources on the web. A few suggested links
are:

. http://www.howto-study.com/

The "How to study" web site is dedicated to study skills resources. You
will find links to study preparation (a list of nine essentials for a good
study place), taking notes, strategies for reading text books, using
reference sources, test anxiety.

. http://www.ucc.vt.edu/stdysk/stdyhlp.html

This is the web site of the Virginia Tech, Division of Student Affairs.
You will find links to time scheduling (including a "where does time
go?" link), a study skill checklist, basic concentration techniques. control
of the study environment, note taking, how to read essays lor analysis,
memory skills ("remembering").

. hltp:i/u,ww.ho*lostudy.ors,resources.php

Another "Horv to study" rveb site with useful links to time management,
efficient reading, questioningilistening/observing skills, getting the most
out of doing ("hands-on" leaming), memory building, tips for staying
motivated, developing a leaming plan.

The above links are our suggestions to start with on your way. If
you want to look for more go to www.qoogle.com and type "self-
study basics", "self-study tips", "self-study skills" or similar.

4
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Dear leamer, in the conrse of your study, you may need help rn
various issues such as the location and how to get supporl from

resource centres, clarification of various issues pertaining to your

study materials (modules) and so on. If this happens. you are

advised to ask fbr the help from your centre coordinator or

facilitator. you can also visit the website of the Institute of Adult
Education which is wu,w.iae.ac.tz or ask for help by using phone

no. +255 22 2150838.

After each unit, you will be lequired to attempt one unit
assignment. These are not meant for submission rather for
reflection on what you have leamed in the whole module. You will
also be given tests and assignments for submission as you rvill be

guided by your module facilitator. You r,vill also sit for mock

examinations to accornplish your continuous assessment.

Need help?

* t!
a Bli9,N&- - ff' ,

t
p

Module assessment

5



i(,ls
qffi, 3ASIC I\4ATHEI\4ATICS

Margin icons

Getting around this module

While working through this module you will notice the frequent use

of margin icons. These icons serve to "signpost" a parlicular piece

of text, a new task or change in activity; they have been included to
help you to find your rvay around this moduie.

A complete icon set is shown be1ow. We suggest that you

familiarize yourself with the icons and their meaning before starting
your study.

Activity

ffi
Assessment

fEw
Unit assignment Case study

Discussion

ffiffi
Group activity

6.rla,\t
* EllFy&-

Help

ffi
0utcomes

i:I}4-rlsFf
Reading Reflection

H.%
E F"€

&

Study skills

tf r 1 -ft t dF

Reflection
ffi

Term i nology

& *e*qtu/
Time

ffi
Tip

trItlEt
Computer.

BasedLearning

P
Aud io

tr
Video Feedback

tt

0bjectives

?
t

Basic

Competence

Answers to
Assessments

6

-.*6e,-- H&
!&

.&.f?t!;tfrs
Note it!
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Unit 1

Verifying Pythagoras Theorem

lntroduction

Learning 0utcomes

Dear learner, this unit derives and proves Pythagoras theorem. The

knowledge of this section is very important in our lives. Do you

know where this Pythagoras theorem can be applied? Think of
construction ofthe buildings, bridges and roofing ofhouses and

reflect how this theorem can be applied. In this unit, you are

therefore going to study about the definitions, derivations and the

application of Pythagoras theorem and its application in solving

various problems.

Upon completion of this unit you should be able to:

. Identiff angles in different figures;

. Measure angles using mathematical instruments;

. Construct lines and angles in different structures; and

. Solve various life related problems using Pythagoras theorem.

@

7
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Unit 1 Verifying Pythagoras Theorem

Pythagoras Theorem

Pythagoras theorent rs the theorem rthich ii'as first derir,ed by one of
the great Mathematicians tvhose name \\.as Pr,thagoras. The theorem
states that: "the sum of squares of other nvo sides of the right-angled
triangle is equal to the square ofthe Hypotenuse.

A

Hypotenuse
3

A

a c

B CI
B Cb

Figure 1.1 a
Figure 1.1 b

Fonn Figure l1a.y. we see that 32 t 42 - 52

This can be generalized from Figure 1 (b)

From Figure 1b above you will see that

AB2+BC2=AC2

Since AB = a and BC: b and AC = c

Pythagoras theorem is the theorem which states that .for au right-
angled triangle the square o.f the hypotertuse is equal io the sum of
the sqttares of the other ht'o sides. Thrs detrnition can be illustrated
by Figure 1.2.

EIllustration of P1'thagoras theorem

a A
F

D

G C

b

I

B

H

Figure 1.2

8
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Consider the area of the squares

(i) Square ABGF which is on AB: Area = a2

(ii) Square BCIH which is onBC: Area = b2

(iii) Square ACDE which is on lC; Area = c2

Therefore, a2 +52 : 
"z

Deriving Pythagoras Theorem

Draw a square and a trapezium, naming their sides. By considering
their areas of the square and trapezium, derive Pythagoras theorem.
Then compare your work with the examples given in Figure 3 and
Figure 4. Ifyou're able congratulation, ifnot, do more exercises and
consult any competent person in mathematics. Now, go on reading
by following each step in this part.

The Pythagoras theorem can be derived by using two methods.

These methods are:

(a) By using the Area of a square
(b) By using the Area of a trapezium

By using the Area of a Square on the given sides :

You can derive the Pythagoras theorem by using the area of the
square in Figure 1(b). Consider the square as illustrated in below.

P b B

b

ba

RD b Ca

I



Unit 1 Verifying Pythagoras Theorem

,ffil

Figure I.3

Consider the area of the whoie square ABCD.

Where AB : a* b, BC : a + b, CD : a + b and DA : a+b

Area of ABCD: AB x BC

:(a+b)(a+b)

:(a+bf
: { a6z +2ab ..............................(0

Coasider the 4 areas ofthe triangles

Area 1 : Y, ab, Area2: Yz ab, Area 3 = Y, ab, Atea 4 Yzab ar.d Atea

5=C2

Total area of triangles = (l+2+3+4+5) = % ab + % ab+%ab +% ab + C2

: (Yzabx|)+Cz

:2ab +C2

: 2ab + C2.......................... (ii)

But equation (i) is equal to equation (ii)

a2 + b2 + Zab : c2 + 2ab ......... subtract 2ab both sides

* +b2+2ab -Zab-- c2 + 2ab -2ab

:. * +b2: c2

a2 +b': c'
The Pythagoras theorem

derived

By using the Area of a Trapezium

You can derive the Pythagoras theorem by using the area of a

trapezium. Consider trapezium as given in Figure 1.4.

b

a

b

h

I
a

Figure 1.4

c

10
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From Figure 4 above you will see that the area of a trapezium is
given as:

Area of Trapezium = % h (a + b)

A:%h(a+b)
B\th-- a+ b

Area: %(a+b)(a+b)

Area: %(a+b)2.

By equating the area of Trapezium and the areas oftriangles inside
the fapezium you will have the following:-

Yz (a + b)2 : Y' ab + Yz ab + lz c2

% (a2 + 2ab + bz) : % ab + % ab + Y, c2

If you multiply both sides by 2 you will have.

2 x % (a2 + 2ab + b') = 2 (% ab + % ab + % c2)

a2+2ab+b2 -- ab+ab+c2

a2+z{+b2 :2/6+c2

u2+b2 = c2
The Pythagoras theorem

derived

Proof of Pythagoras Theorem

Dear leaner, drar,v a right angled triangle, rdentily the angles present,

draw the perpendicular line which will gives you similar triangles.
Can you calculate the length of the srdes? How? Are the lengths the

same? How? What about the angles? Are your answers the same

with those given in the next parl of your unit? Ok, make the follow
up in the steps given in the solutions for better understanding.

11



Unit 1 Verifying Pythagoras Theorem

t-,/trilff..
:"W-,r

Calculations of length of sides of right angled triangle

The Pythagoras theorem can be proved by considering a Righl
angled triangle ABC as grr en in Figure 1.5.

A

Figure 1.5

Solution
Aim: To prove that (AB) 2 = (AC)' + (BC) 2.

Given: ABC, angle ACB:90"

Construction: Through C, draw CD such that CD is perpendicular to

AB.

Proof:

(i) From Triangle ADC and ABC in Figure 5, we have:

mlA6q : m@DC) = 90' (given and by construction)

m(cAn) : m1,tAq (third angle of a tnangle)

.'.4 ABC - A ACD (By AA Simiiarity theorem).

Since the triangles are similar then:

AB
AC

AC BC
\D CD

it folior.r s that

m1a0e;=m1c6s; =ro"

AB BC

CDAC

AB -{C

^C 
= AD= ACxAC = ABxAD

(AC)t - AB x AC - callit equation (i).

Also in triangles ABC and CBD

\C
\D OI

AB
AC

(ir)

12
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mlCAl; : m(CAn) third angtes ofa triangle.

.'.4 ABC - A CBD (By AA theorem) then since the triangles are

similar

It follows that:

(BCF : AB x BD. call it equarion (ii).

If you combine by adding (i) and (ii) above you will have the
following:

(AC),

AB BC AC
CB BD CD

AB BC AB AC
ce-BDo'cB-cD
AB BC

CB = BD= CBxBC = ABxBDThen,

+

-ABxAD
=ABxBD

(AC)2 + (BC), : AB x AD + AB x BD

Factor out AB in R.H.S since it is common to both sides gives:

(AC)2 + (BC)2 = AB(AD + BD)

but AD+BD: AB

... (AC)2 + (BC)2 : AB x AB

(AC)2+(BCy= (ABF

(ABF = (ACF+(Bcr

Hence proved

The converse of the theorem is that, if the square of one side of a

triangle is equal to the sum ofthe squares ofthe other two sides, then
the angle between those sides is a right angle, is also true.

Applications of Pythagoras Theorem

Dear leaner. do you know rvhere the knowledge olthe pythagoras theorem
is applied'/ If so gn,e exanrples. Obser.ye the arrangement of thatclies of the
newly constructed building or a rool of a honsc rvith no ceiling boar.d.
Identify difT'erent shapes, makc their drawings and name thern. Wherc else

13
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Unit 1 Verifying Pythagoras Theorem

t?! ri
't&d -\i8y

can you observe similar Figures other than that in your sunoundings? Give
examples. I hope you can write structures designed by welders like gates,
gril1s as well as other fumiture. There are many colner angles formed in
these structures. Read the lollowing example thoroughly.

Example

1. In Figure 6, find AD if AC = 17cm, BC = 8cm and CD :
l2cm.

.\

B 8cm Dg 12cm

Figure 1.6

Solution

If you apply the Pythagoras theorem to the A ABC

(AB)r+(BC)2 : (AC)2

(ABF: (AC)2-(BC)2

(AB)r: (17)2-sz

(AB)2: 259-64

Take square root ofboth sides

r/(asy : ,tns
AB:15
.'.AB = 15cm

Applying Pythagoras theorem again to A ABD you will get.

(AB)2+(BD)2: (AnF

(ADF : (ABF + @D)2 (note that BD = BC + CD:20)
(AD)r: (1r2+Qq2

(ADF = 22s+400

(AD) : ,tos
.'.AD = 25cm

14
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In Figure 7. prove tnat m1RftR; = 90" and hence calculate
NR.

I Ocm N

Figurel.7

2.

P

o
R

Solution

(1)

-l

In A QNP if you apply pythagoras theorem you will
get.

QN2+Nlz = qpz

102+242 =262

100+576:616

676 = 676

Since (eN)2 + (NpX = (Qp)2 then

m(PNQ) = 90".

and hence mpftny : 90" because it is
,n

supptementary to m(pNe;.

(ii) To findNR
By applying pythagoras theorem.

(PN)2+(NR)' = eRy
(.24)2+ (NR)2 : :92

(NRF = e00_st6

NR -- 
^On.'. NR = 18cm.

In Figure 8, ABC is a right angled triangie, A is a right angle
and AD is an altitude.

24cn

15



Unit I Verifying Pythagoras Theorem

r,lo^
'w-,

(a) \ame nr o tr iansles u,hich are similar to A ABD and give

reasons.

(b) Show thatf --uv,f =uwandxz=yw,

A

.2r.J _ -l
-t 

tv -L

t' +;? : ,n:

B

Figurel.8

Solution

(a) A ABD is similar to: A ACD, A CBA(by RHS)

(b) (i)To showthatf :uv

In triangle ABD and A CBA.

By applying Pythagoras theorem in A ABD and A ADC

(ADF+GDF: (ABF

f+u2: xz

f:x2-1a2
y2+u2 -- f
(AD), + (DCy: (ACy

bLrt ,, - ir-r
.,.1 _-: - (lt-r')l

,,..1 - _-: = ltl - lttr,+ r,l

but --: - .rj 1:

r: - (.1: - i:) = ti + 2uv+v2

.rr -.ri *.1.r - u2 + 2tn +,/
rl -.ij - tl + 2uv

but .rl - rrl -_r!

ur-))+r-2 -/+2uv

16
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Lt' ,r- - l- |lrr'

lr'l lli'
)2
.y2 = uv Hence shown.

(b)(ii) To show that x2 : riw.

By applying PJthagoras theorem.

f +*: w2 inAABC

u2-!2 - x2 inAABD

f+i-- z2 inAADC

Y2lY2 = z2

butv=w u

Y2 + (w u)2 :22

y2+w2-Zuw*u2 --*

but r,v2: x2+?then

f +r2+,i-2tnt,tti -,f
.r'l-.rl-)y11,+n1 - 17

r- \- Lt - _illi'

btt u2: x2 y2 then

,/****r-,/ - 2uw

4x2 Lu*
22
x2 : uw Hence shown.

(b)(iii) To show that.tz = -yw.

A ADB - A CAB by AA Similarity

AD AB DBIhen CA - CB - AB

! x _!!
214)X

17



Unit 1 Verifying Pythagoras Theorem

t,tm
w.

In particular this means that

Ir
thenequate L -::)yh --tr':w

:. 7x = yu llence shown.

Activity I

Using Pythagoras theorem, answer the following questions:
l. Calculate the sides which are not given on the following

right-angled triangles. Compare your steps in your work
with the solutions shown in the examples above.

x
1l crn

15 cm 5cm

1 .1.' I t/
0r - --_- 11 ,_ .\

P
R

Y ZQ
Figure 1.9 (a)

A

Figure 1.9 (b)

2.

17 crr

B D

J

4cm C 4cm

Fisure 1.10

Calculate (i) AB.

(ii) AC

Name two triangles similar to A ABC in Figure 1 . i 1

D

Figure 1.11

Compare your answers with those given at the end of the unit.

B C

or0
)t 10'

50"

18
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Dear leamer, you are now through with this Unit, What are the

most important concepts you have learnt? What are the challenging

concepts that you need nrore time to learn better? What would you

do to ensure that you clear the doubts on ditficult areas? Can you

use the knou,ledge from this unit in your daily lif-e activities?

Do the following questions :

i. Given the triangle ABC, where B :900 Find the length of
the sides which are not given.'

Unit Reflection

Unit Assignment

UftTI

(u)

(b)

(c)

(d)

AC = 26cm

AB - 20cm

AC = 25cm

AB - 28cm

AB

BC

AB

BC

10 cm

2lcm

1 5cm

45cm

2. The sides of a rectangle are 5cm and 7cm. Find the length

ofthe diagonal.

A ladder just reaches the top of a wall I 8m high. lf the end

of the ground is 8m from the wa1l, find the length of the

ladder.

-)

19
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4 By using the trapezium's area, prove that

(a) Ar+btl
P

OR ___-> S 
5

F'igure 1.12

{-

(b) From Figure 12 calculate

(i) PR (ii) PQ

x
v

----------) {-

5.

Figure l.13

(c)Form Figure l3 show that:

(1) y2 = UV
(ii) X2=UP

In triangle ABC A : 900 AB :3.2cm and BC : 4.8cm,
then find AC.

PQRS is a quadrilateral in whichPBfi andPXS are right

angles. If PQ = 12cm, RS = 9cm, RS : 8cm. Find the length
of PS and the area of PQRS.

The sides ofa rectangle are 5cm and 5cm and 5cm. Find the

length ofa diagonal.

6.

7

20

Unit 1 Verifying Pythagoras Theorem
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Key Answers for Activity

1. (a) YZ:20

2. (i) AB: 15

3. (i)BDA

(ii) AC - .En

(b) QR: 13

(ii)cDA

21
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Unit 2

Applying Trigonometric Ratios

lntroduction

Learning outcomes

Dear leamer, now you are in unit two of Module 7. In this unit you

will learn about sine, cosine and tangents of an angle. Trigonometric

ratios are the geometry of sine" cosine and tangent of angles. The

knowledge of this section is ren-important in our lives. Buildings,

bridges and roofing of houses are made by the application of this

knou ledge. This unit deals r ith the definitions. delivations and the

application of trigonometric ratios in solving various problems. I
hope you wr1l enjoy learning Mathematics from this unit.

Upon completron of this unit you should be able to:

. Define sine, cosine and tanget of an angle;

, Find sine, cosine and tangent ofan angle without using tables;

. So/ve trigonometric ratios related problems of special angles;

and

. Demonstrafe ability in constructing various structures involving
trigonometry.

Trigonometry is a branch of mathematics that deals with the

relations between the sides and angles of triangles. We have tkee
common trigonometric ratios, i.e. Sine, Cosine and Tangent of
angles.

Therefore, in order to understand clearly what is sine, cosine and

tangent ofangles, it is good ifyou consider the right-angled triangle

ABC as shown in Figure 2.1.

tt*is

Definition

22
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C
B

Figure 2.1

From Figure 14,I liope you know that side AC is always ca1led the

Hypotenuse. Side AB is the opposite slde to Angle C and side BC is
lhe adjacent slde to angle C. Side BC is the opposite slde to angle A
and also side AB is lhe ctdiacent side to angle A. You can now see

that the opposite side and adiacent side changing according to the

angle considered.

Hence, by refening to Figure 14 the sine, cosine and tangent of the

angle Oocan be defined as follows:

Trigonometric ratios

Sine of angles

The sine of any angle is normally given by the ratio:

Sinee' = 
opposite side

'" Hypotenuse

Thus, sinOo : ffi n.n.. in general the sine of any angle 0o is

given by the following ratio:

Sin 0o =
Opposite

Hypotenuse

Cosine of angles

The cosine of any angle is normally given by the ratio

Cosine 0o

A

eo

23
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Thus, fromFigure 14, cosiae B': ffi
Hence, in general the cosine of any angie 0o is given in short by the
ratio:

cos 0o =
Adiacent

Hypotenuse

Tangent of angles

The tangent of any angle is normally given by the ratio:

rangentoo = ffi""*
Thus, fromFigure 14tangent 0" : #
Hence in general the tangent ofany angle 0'is given in short by the
ratio:

Tan 0o =
Opposite
Adjacent

Therefore in order for you to remember the definitions of sine,

cosine and tangent is to use the abbreviation SOHCAHTOA. This
means that sine(S) is opposite (O) over Hypotenuse (H), Cosine (C)

is Adjacent (A) over Hlpotenuse (H) and tangent is Opposite (O)
over Adjacent (A).

Thus. the summary can be given as:

SO TO CA

H A H

Examples

In tnangle ABC, AB = 3cm, BC = 4cm and AC = 5. Find
(a) sinA
(b) cosA
(c) tan A.

Solution

You have to set up the plan to represent the information given in the

questions as follows in Figure 2.

I

24



ffi BASIC MATHEMATICS

C

5cm

sin A:

B
3cm

Figure2.2

Opposite

Hypotenuse

(a)Sin A

(b) cosA

(c) tan A:

4cm

A

4

5
sln

BC
AC

4
5

A

sinA = 80.

cosA:
Adiacent

Hypotenuse

AB3
AC5

1

cosA =:-0.6)

tanA =
Opposite _ BC

Adjacent AB
4
J

A

tanA = 1:0.15

2. ln A PQR, angle PQR is a right angle. If RP = 4cm and PQ

:2cm. Find

(a) QR
(b) tanR
(.) cos R.

25
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Solution

Set up of Figure 2.3 to represent the information gii'en in the

question. P

2cm

o R

Figure 2.3

(a) By applying the Pythagoras theorem

(QR)'+ 22 : 42

(QRy = 16-4

(QRy = 12

aR-{r2 =r^F

.'. aR = 2\F

Opposite

Adjacent
(b) tanR

_Ia*QR 1

G
t:

1l-i

J

1rE
!3 !3

2

ffi rationalizing the denominator:

(c) cos R =

tanR =

Adjacent
Hypotenuse

J

f
2

^r;t\l J

4

.EE

AB
PR

tE
2

Rcos

26
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Activity 1

Now do the following exercise afier you have studied exqmples above.

1. Givea that ia A ABC, AB = 8cm, AC: 15cm and BC: 17cm. Find the

value of each of the following.
(, sinC
(i0 tanC
(iii) cos C

2 In triangle LMN, LM: 10cm, MN:6cm and LN = 8cm. Find

(a) tanM
(b) sin M
(c) cosM

J. If 5Cos0o = 3 and 0o is an acute angle. Find

(i) tan 0"

(ii) sin0"

4. Given that ABC is a right-angled triangle with a right angle at B. Find

in terms of a, b atd c, if AB : c, BC = a and AC - b. Find the value of
each of the following:
(a) sinC

(b) cos C

(c) tan C

srn L(d) .' cosC'

5

6cm
4cm

Figure 2.4

Find

(i) cos,{o and

(ii) cosyo

Compare your answers with those given at the end of the untt.

yo

0crn
xo

27
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SpecialAngles

Trigonometric Ratios for Special Angles

The tligonometric ratios for special triangles can be found rf you lvrll
consider the equilateral triangle ABC as shown in Figure 2.5 belou'.

A

2
2

From Figure 18 you will see that AD bisects BC at D, then BD : DC
because ofbisection. By Pythagoras theoremAD can be found as:

(AD)2+(CD)' = (Aq'
(AD)2+(\)',:2',

(AD)2:4-1
(AD),: 3

., AD= \F

<-'------Ri;;zls----------

Consider Angle 300

Onnosite BD
SIN JU' = Hypotenuse AB

1

.'.srn 300 = ;

cos 300 - Adiacent

Hypotenuse

,or:Oo: f
ran 3oo - oPPosite - BD

Adjacent AD
denominator

tan 300 = f

B C

(i)
1

2

ADf
AB- 2

1

J , By rationalising

lrE
-.,!!3 {3

r:!l
3

J

28
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(ii) Consider Angle 600

sin 60o

Opposite AD , 1E
srn 60- - Htfi.^* - AB = 

2

srn 60" :
t:

1/1E

2

cos 60o

cos 60o :

.'. cos 60o

tan 60o

tan 60o =

Adiacent BD
Hypotenuse - AB

I
2

1
2

Opposite _AD -1EAdjacent -BD - 
1

tan60' : 1[

Also the trigonometric ratios for special angles can be found by
considering the isosceles triangle PQR as shown in Figure 2.6.

P

lcm

1cm

Figure 2.6

By using the $rthagoras theorem, the third side (hypotenuse) you

can find it as follows:-

(PQF+(QRy : (PRF

12+ 12 : (PR)2

eR)2 : 1+ 1

(PRF : 2

R
o
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PR : tt:
From Figure 19, you wili be able to find the values of the sine,

cosine and tangent of 45' as follows:

sin45o:_oppqqE_ = +a:+aJ Hypotenuse - PR - \E
Rationalising the denominator

^[). =v:
!2

"tav!
1

sin 45" :

I
- ln

^tav4
2

cos 450

cos 450 : Adjacent _ &a
Hlpotenuse - PR

1

^/)

rationalisin g the denominator

t;xr
2

cos 45o : "6v4

^[i.,-E
"^F

1

^ /r

2

tan 45o

ran45o _ 9pposite - 19 _ 1 = ,Adjacent RQ I '

tan 45o = 1

The trigonometric ratios for special angles can aiso be found ifyou
wiil consider the two complementary angles as shown in Figure 2.7.

A

Figure 2.7

From Figure 7, you will see that angle C and angle A are

compiementary angies. Thus, complementary angles are the angles

which when summed give 90o.

C B

(90-x)"

30
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i.e. m60a) + m(cAB) = 90"

rr vr60e; : xo and rt,tlcAn; = oo .r then,

x" + (90 x)o : 90o (complementary Angles).

Therefore, you will find the sine and cosine of these angles as

lollows:-

and sin (90 .r
BC
AC

AB
smr" = 46

BC
cos r" = [[ and cos (90 x)" =

AB
AC

From these ratios you will discover that sine ofone angle is equal to

the cosine of its complementary angie.

Thus,

sin xo = cos (90 -.x)o

cos.ro = sin (90 - x)"

By using these identities you will see that;

sin 30" : cos 60o

cos 30o : sin 60"

sin 45o : cos 45o

because each pairs ofthese angles are complementary to each other.

Also if xo : 90o, BC becomes zero and AC = AB. In this case you
will see that;

sin90"=ffi.l.hence

cos0o: 1

And hence sin 90o : 1 and cos 0o : 1. The trigonometric ratios for
special angles above are summarised by Table 1 be1ow.

1
2
r:

1iJ
-E
2

"ta_v_1

2
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Table 1: Trigonometric ratios for special angles

-ro sin -r:o

()j

I ,0" _l
2

,+5"

Undefined

Problems lnvolving Trigonometric ratios of special angles

By using the angles in Table 1 the sine, cosine and tangent ofangles
30" and 60o you can find them as follows:

Examples

1. Find the exact value of 2sin 60't cos 30o

Solution

By using data from Table I you see tbat 2 sin 60o t cos 30o will be:

"+ +-.F +
_ zrE+rF _ :rE

2-2
2. Without using tables evaluate the following

cos60'x sin60"
(a)

f
2

1
2

f
2

r:
!_4
2

\E

90" 0

tan60o

Solution

cos60o: ], ,in OO": f anO

tan 60' : rF
1rE
2"2
T-
r:!t X-

v3

1

4

cos.tro tan xo

1 0

f
2

tl
_tla

-)

1

32
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4
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f, tan 30o =

(b) sin 60o(tan 30"-cos 30")

Solution

By using table I above you wili see that:

sin 60o :
t.Yl
2

and
3

.G
cos30" : f

tr/f o
" )11 ) )

! \J

Opening the bracket:

ffff
2'3-2"2

3 3 6-9 -3

64 t2 t2

_l
sin 60o(tan 30"-cos 30o,; -

4

90'Sin
c)

tan 30o

Solution

By using the summary of special angle of table 1 above you will
have:

T
sin 90. = 1 and tan 30" = +

I

f
!3

3rE=T - 
^FAnswer'

Without using tables evaluate the following

sin120' + cos135'

J
X-F
!l

r:
!_1

-)

1----F-
!1
J

cos150'+ cosi20"

33
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then,

,.1*w
Solution

sin 120" : sin (180" 120") : sin 60osince 60' and 120o are

supplementary angies, therefore you can say that sine, cosine or
tangent of obtuse angles are equal to the sine, cosine or tangent of
the corresponding supplementary angles.

Thus,

sin 120' - sin 60"

uos I 50' -c.rs i()o

cos I 35 - -cos 45"

cos 120o = -cos 60o = -

f
2

f
2

^'t5

2

sinl20'+ cosl35"

cos150'+ cosl20' + + ['*;t*,]

2

since f^F - tl is the

Jt1

t;t;f
!Z _\i J L- _x

2 !3+1
rationalising denominator

22
x5. -xE

^,5*t

,D-"5
T*r

.6-t
E-1

rationalising factor

"G 
-"8 -z*Ji

3-1

'G 
*^li -"0 -z

2
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-\ctilit\ 2

i11.,,11'l 1,'. t, l' it1.1 tlLtL\titttt.';

1 , Find the r alue trf each of the tbllou'ing

srn 90 sin 60"
r:lr ...0 

tb t 
a"t6o

. . ^0SI]T JU
(c' 

cos3o"

2. Evaluate the follorving with

Find the exact value of each of the following.

(a) f tan 60" ft)f (cos 45o + cos 60')

Simpli$ the following

(a) sin 60o (tan 30"- cos 30")

(b) cos 60o (Sin 30" + cos 30")

5. If cos xo = 0.5 and xo is an acute angle, flnd

(i) ,
(ii) tan';r"

(iiD sinxo

Compare your answets with those given at the end of the unit

Problems lnvolving Trigonometric Ratios

Tables of Trigonometric Ratios

The values ol tt.igononlctric ratios can be read fiom the trigonometric

tables iust as it is done $'ith logarithrns. Consider thal you have a table of

sine as shorvu in Table 2.

-qdffi::.'q#:g,B$ a 'r5:e-

3

4

I
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Table 2: Natural Sine

Dear learner, the angle is read from the extreme left-hand colunm.

For example, you are told to read sin 36'from the table, what you

have to do here is to read the angle from extreme 1eft hand column

and read the corresponding value under the column labelled 0'. This

gives you the value of0.5878. Thus sine 36o is equal to 0.5878. This

value is read from the table of the Natural Sines. Similarly, if you

have to find or to read sin 74' 40', first you have to read sin 74o on

the extreme left hand in the table of Natural sines and in this row
reads the coresponding value under 40' which will give the value of
0.9644. Thus sin l4o 40'-0.9644. (Table 2)

Likewise to find sin 74" 48'. first ,vou locate an-Ele 74o on the

extreme left hand colun.m and in thts row read the conesponding

value under 40'.

Thus. srn l4o 40' :0.9644 and again in the same rolv read the

conesponding value under 8' in the difference column. This gives the

value of 6. Add it to the last disit.

Degr
ees

Minutes Mean differences

0 l0' 20 30 40' I 2 3 4 5 6 8le'7

00

10

36"

'14"

0.0000

.0175

.005878

.9613

.00

l7

.02

04

.59

01

.96

2t

.01

40

.02

9l

3

3

6

6

9

9

1

2

I

2

1

5

1

5

5 6 7

.59

72

.96

44

l

1

5

2 2

9

-)

1

2

4

5

36



,,so;

wl BASIC MATHEMATICS

That is sin 74 40' : A.9644 and the corresponding value under g'in
the differences column gives 6. If you add you will get

0.9644
+6
0.9650

Hence, sin 74o48, = 0.9650

Dear leamer, tables of cosines and tangents are read in exactly the
same way as you read sine.

For cosine tables, the method is the same but the differences have to
be subtracted. For example you are asked to find the value of cos
64' 73'. What you have to do here is that locate 64o in the extreme
left hand column of the Natural cosine tables and read the
corresponding value under 10' which gives 0.435g, then read
conesponding value under 3 in the mean difference column. which
gives 8 and hence subtract fiom 0.4358 thus,

0.43s8

8

0.4350
.'. hence cos 64o 13' = 0.4350

Therefore you are given the tables of Natural Sine, Natural Cosines
and Natural Tangents as shown in tables at the end ofthe unit.

Examples

1. By using trigonometric tables, find
(a) cos 16o 24'
(b) sin 58"

Solution (these are obtained directly from tables)

(q) cos 16o 24' = 0.9593

(b) sin 58' : 0.8480

Use mathematical tables to find the following

(a) sin 20" 14'

(b) cos 38o 18'

(c) tan48o 2A'

Solution

(a) sin 20o 14' : 0.3453
+5
0.3458

2.

37
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J.

.'. sin 20' 14' = 0. 7848

(b) cos38o 18' = 0.7848

.'. cos 38o 18' : 0.7848

(c) tan 48o 20' = 1.1224
+13
1.1231

.'.tan 48o 20' = 1.1237

By using mathematical tables, find the value of each of the
following:

(a) Cos 400 16' (b) ran 380 28,

Solution

(a) cos 40" I 6'

By using table of natural cosines

cos 40o 12' = 0.'7638

-8
0.7630

.'. cos 40o 16' : 0.7630

(b) tan 38o 28'

By using table ofthe natural tangents

tan 38o 24' : 0.7926
4',+i9

0.794s

.'.tan 38o 28' = 0.7945.

Find the values of x andy in Figure 2.8

1E

4.

v

,T

Figure 2.8

Solution

(i) The value of x.

cos 30o = ft=, : 18 x cos 30o

but cos 30" = 0.8660

.'.x : 18x0.8660

300
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..'x = 15.588

(ii) The value ofy.

sin 30o : k=, : 18 xsin 30o

but sin 30o = 0.5

.'."t,: 18x0.5

:.v = 9.

Activity 3

I'{ow answer the following questions :

1. Use tables to find the value of each of the following:

(a) sin 56"

(b) tan 36'
(c) cos 80'

2. Find the value of each of the following:
(a) cos 65o 15'

(b) sin 37" 17'

(c) tan 70o 24'

By using tables, find the value of x.

(a) cos x" : 0.2034

(b) sinx" - 0.5975

(c) tanx" = 1.5000

1. Find tire value of 0 in each of the fo11ot'ing:

J

(u) cos 0o
2

5

(b) tan 0'

(c) sin 0'

1

J

1

8
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5 Find the value ofx andy in the Figure 2.9

v

-lr
12

15

(u) , (b)

Figurd3.9

Compare your answers with those given attthe end of the unit.

Angles of Depression and Elevation

Dear learner, consider an object situated at a certain point at B as
shown in Figure 2.10

B

Line of sight

Anglc of elevation

Observer's eye A
D

Angleoldepression Horizontalline

Line olsight

C
Figure 2.10

From Figure 11, you will see that the line joining the obseruer,s eye
at A is called the line of sight for B. The object to be observed may
be above or below tho horizontal 1ine. If the object is above the
horizontal line, then the angle formed between the line of si-eht and
tlre horizontal line is ca11ed the angle of eletcttion.If the line of sight
is below the horizontal, then the an.ele formed betu,een the line of
sight and the honzontal rs called the angie of depres.sion. Thus, from
Figure 11, m(BAD) is the angle of Elevation and m(CAD) is the
angle ofdepression.

The knowledge ,of Angle of Depression and angle of Elevation is
very essential in soiving various trigonometrioproblems; therefore I

490

40t)

40

ilil
ilr
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hope you will apply the knowledge of these angles to solve various
probiems which are related to trigonometric problems.

Problems lnvolving Angles of Depression and Elevation

Examples

1. Frorn the top ofa tower, the angle ofdepression ofa point
on the ground 10m away from the base of the tower is 60o.

How high is the tower.

Solution

Sketch a diagram to represent the information given.

A 660------------- 
D

10m

Figure 2.11

Let A represent the top ofthe tower, C the point observed and B the
base ofthe tower as shown in flgure 24 above.

Therefore, in triangle ABC.

tan 60" - S
tan 60o = h=, = 10 x tan 60o

But from the table of Natural tangents, tan 60': 1.7321

Thus,ft : 10x 1.1321:11.32

.'. the height of the tower is 17.32

The length of a shadow of a 16m tree is 8m. What is the
size ofangle ofelevation ofthe sun?

Solution

SketcUdraw the plan so as to represent the information

B C

2.

600
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630

given fiorr the questiori.

Tree -----)
A

I6or-r

B

,,t*\p

rF

C8rn

By applying the tangent of the angle 0" in Figure 25 you will find:

,Iar ^^ 16 Opposite
r u" = g stnce ian 0o = 

Adjacent

Ian9o :2
tangent inverse of 2 is equal toO.(from mathematical tables of
inverse tangent).

Thus,tan-l 2 : 0o

0o: tan-12:63"26,

Figure2.l2

24',

1.997

That is. you are required to check from the table ofNatural tangents
the value which is equal or approximately to 2 and then read the
conesponding angle on the extreme left hand column and the
comesponding minutes at the top from the approximate nunrber as
shown belorv.

2',

F

1
_-30
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But to get 2, you remain with 30, then read the

comesponding value from this row in the means difference
column, which gives 2'

Thus, 2.0000
- 1.9910

30

Hbnce, the angle is 63'24'
+2,

63" 26',

.'. The angle of elevation is 63" 26'

Find the height of a tower if the angle of elevation of the top

is 34o at apoint 20m from its foot.

Solution

You have to set up the drawing to illustrate the infotmation
given from the question.

20m

Figure 2.13

By applying the tangent of angle 34" in Figure 2.13, you r.r,ill get

h
Tan 34o - 20, since

tan 0o =
Opposite
Adjacent

h : 20xtan34o

but tan 34' : 0.6745 from the table ofNatural tangents, table 1.3

h : 20x0.6145

h : t3.49m

.'. The height of the tower is 13.49m.

3

h

r r(l
-l+
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4. The angle ofelevation ofthe top ofa three from a point on the
ground 30m from the base of the tree is 37". Ftndthe height
of the tree.

Solution

You have to set up the drawing (diagram) to illustrate the
information given from the question.

h

ar

Tree

30m

Figure 2.14

By applying the tangent of angle 3 7" in Figure 27 , youwill get

Ian3Jo = $ rir.. tan 0o = trffi
h = 30 xtan3To

But tan 31" : 0.i536 from the table of Natural tangents

h: 30x0.7536

h : 22.608

.'. The height of the tower is 22.61m.

,ffi&,"*#ffi:'."
Activity 4

lVow attempt the ;following ques tions ;

1. A man whose eye is 120cm above the ground is standing gm
from a tree jm tall. What is the angle of elevation oi the
top ofthe tree lrom his eye?

2. The length of shadow of a tree is gm. What is the size of
the angle of elevation if its hypotenuse is g.7m?

3 . Find the height of a tower if the angle of elevation of the top
is 54o at a point 30m from its foot.

4. The angle of elevation ofthe top of a building 24m high is
observed from the top and from the bottom ol a vertical

44
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ladder, and found to be 45o and 60o respectively Find the

height ofthe ladder.

5. A is 289m from C on a bearing of N32"W, B is 450m from

C on bearing of N58"E. Find the distance from A to B'

6. When the angle of elevation of the sun is 5 5o a tower casts a

shadow 20m tong. Find the height of the tower'

Compare vour answers tttith those given dt the end of the trnit'

Unit Reflection

Dear learner, you are through wlth this unit, what are the new

concepts you have leamed in this unit and how can you apply these

concepts in your dailY life'/

Unit Assignment
I'low attempt the following questions:

1. In PQR, angle PQR is a right angle' If RP : 4cm and

PQ: 2cm

Find (i) QR

(ii) tan R

(iii) cos R

2. Find the value of the following without using tables

cos'450 + sin2 60o
(a)

tan2 60'

sin45' x sin60'
(b)

sin 30'

J.
l5

Given rhat cos f = ; . nina the value of

(i) tan y"

(ii) sin y"

45
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Key Answers for Activities

4.

5.

6.

If 5sin C : 3. Find

(i) cos C
(ii) tan C

Without using tables find the value of each of the following.
(a) tan 30' (tan 60" + sin 60")
(b) cos 45" (sin 45 + cos230;.

By using tables, Find the value of the following:

(a) sin38o 18'

(b) cos 40" 11'

(c) tan 40o 12'

7. By using the area of Trapezium, prove that a2 + b2 = c2

8. In triangle ABC, AB = 2cm, BC : Scm and M(ABC) - 90"
find

(i)AC
(ii) sin C
(ii)cos A.

C is 5km from A on a bearing of N32oW, B is l2km fiom A
on a bearing of N58"E. Find the distance from B to C.

10. P and Q are two legs on the ground level, and both lie due
west of a Flagstaff. The angle of elevation of the top of the
flagstalf lrorn P is 45" and fiom Qo is 60". lf p is 24m from
the foot of the Flagstaff, Find pQ.

9.

Activity 1

1.

2.

3.

4.

8

11

!
6

!
-)

9
b

(,)

(i)

(1)

(D

8
(iii)

l5
17

I
a

t5

8

10

t
5

s
b

(ii)

(ii)

(i1)

(ii)

6
(iii ) l0

(iil) (iv) I
a

46
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5. (r)
6

10
(ii)

r:\l.i(b) {3 (c) ?

r;
^l{t^ ,!_1(11) \J (111) 

2

Activity 2

1.

2.

4.

5.

Activity 3

1.

(a) 0 (b)

(a) 1

(a) 3 (b)

(b)
1

4

r;
\_4.
4

) +^[i4 V-

2

rf
4(a)

(1) x:60o

2.

-., .

(a) 0.8290

(b) 0.1265

(c) 0.1136

(a) 0.4187

(b) 0.6044

(c) 2.8083

(a) 78o i6'

(b) 36o 41',

(c) 56'19'
(a) 66o 25'

(b) 78o 26',

(c) lo ll'
(.) x = 14.30

y = 18.67

(b) x = 11.15

y : 10.05

4.

5.

L
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Activity 4

1.35"57',

2. 63"26',

3. 41.29m

4. 10.14

5. 534.9m 28.56m
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Unit 3

Demonstrating

Geometrical Transformation

lntroduction

Learning 0utcomes

Dear leamer, I hope you once looked at yourself in the miror and

saw your image behind it.

You may have seen the driver using the side minor so as to see if
there are any cars coming behind and in front of him/her when

he/she wants to overtake. This image from the minor is due to

Reflection.

Again look at the watch on your wrist, do you see how the anow

moves? This arrow rotates from one point to another.

Likewise you have as well seen people move things like bricks,

tables, chairs from one position to another, this is known as

Translation.

In this unit you will be introduced to the concept of Transformation'

The unit consists of three sections which are Reflection, Rotation,

translation and enlargement; and combined transformation'

I hope you will enjoy studying this unit the way you did in the

previous units.

Upon completion of this unit you should be able to:

. Work with reflection and rotation translation and enlargement

and combined translormation;

. Explain the difference between reflection and rotatton, translation

and enlargement

. Appty the knowledge of transfotmation to solve problen"rs

related to daily life activities.

ffi
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Reflection

Dear leamer, please take a mirror and see a ciock behind you
through the minor. What time does the real clock show and what
time the image rn the mirror show? (Use a clock with ar.rows for this
exercise).

Aiso visit a barber shop, observe a person who is dressing the hair
through the mirror, what is the position of the cutting machine to a
real person? And what is the position of the cutting machine of the
image?

Reflection is defined as a transformation that gives a ',miffor" image
across a line, called the reflection line.

If P is a point not on line L, tlien its image in L is the point p' such
that PP' is perpendicular to line L and pX = p,X if line pp' meets line
LatX.

fl[

L

X

Figure 3.1

Note: Perpendicular means making 90" to each other.

After you have familiarized yourself with what is reflection, let us
see how reflection can be done using any paper or tracing paper.

Example I
Reflect the letter F on the line L indicated in Figure 3.2.

L

Figure 3.2

p'

50

i,



,,tsw
BASIC MATHEMATICS

Figure 3.3

2. Fold your piece ofpaper along line L by turning up the side

of the letter F. Figure 3.4.

L

Figure 3.4

Solution

Draw your flgure on tracing paper or other paper' Make

holes using office pins on letter F so that hole can be seen

after folding. Figure 4.

Fold your piece of paper with the letter F to the other side

without letter, you will see your holes which were used to

make the letter F. Using your sharp pencil put marks through

the holes to make the image of your letter F after folding'

See Figure3.5.

L

1
J

.i

51
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4.

Figure 3.5

Then unfold your piece of paper to get the letter F and its
image on the same piece of paper

Image

Figure 3.6

Example 2

Let ABC be any triangle and line L be line of reflection of the given
triangle (Figure 3.7).

Figure 3.7

Solution

Follow the steps below to get an image of triangte ABC.

L

L

C

L
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The image of AABC when reflected on L will be as shown in Figure

3.10

(1) Trace (draw) triangle ABC on a piece of paper or tracing

paper and make hole with a pin on triangie ABC'

Figure 3'8

Fold your piece ofpaper along the line L (Figure 3'9)

Figure 3.9

Using the holes made on triangle ABC with your pencil' put marks

on tlie other side of the folded paper to produce the image of the

triangle.

(2)

3)

L

(

Js

C

B i:""""""""" A

C

A'

C C'

\
\7
\/
\/
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Reflection and Co.ordinate Geometry
Dear learner, you have been making a reflection offigures, but when
these figures are drawn in co-ordinate axes, we are dealing with
reflection of points which makes such figure:

Y

A(- 2)

For example

x

B(-3 -4)

Figure 3.11

If triangle ABC is reflected on line x = 0 that is the y-axis, the
coordinate of A(-2 2) changes to A'(2,2) and B(-3, ,4) changes to (3,
-4) and coordinate C(-1, -2) changes to (1, -2).

54
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Note that on reflection 1'-axis the value of.r co-ordinates changes its srgn

and Figure 39 changes to Figure 3.12.

A',(2,2)

X

Figure 3.12

After leaming about reflection of flgures and co-ordinates in a plane

now you can discuss the following questions.
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Actir itr I

1. Reflect the figure below in the i, and.r lines.

v

x

2.

Figure 3.13

Find the image of the following figure on minor M.

M

Rotation

Figure 3.14

3. Give the co-ordinates of the images of the following pornts
under reflection in line y = 6.

(a) (3,-1) (bX-6-3)

4. lf (2,1) is the image of (1, 2) draw the reflecting line.

Compare your aruwers with those given at the end of the unit.

Dear learner 1et us now discuss rotation as another transfbrmation
which is common in our daily life. Consider rvhen you go to the
tailor fbr making your new skirt or trouser, when you try it on the
first time your tailor may want to see if it fjts as it was planned. ln
so doing sheihe asks you to tur, around so that she/he can be able to
see parts of your body and how the skirt fits you. In so doing you
will be tuming arouncl or rotating. Also observe the tailor when
designing and cutting the dress. What does the tailor do? How? I
hope you will see a tailor turning the cloth in different positions. So

56
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the application ol rotaiion enables ),ot-t t0 see the hidden part of the

object.

Simi1arl1,'. in matirematics lve have rotation. We define rotation as

transformation associated with a turning motion through a specified
directed angle around a fixed point, called the centre and we denote

rotation by Re. (00 angle ofrotation).

As we learned in the last two sections rotation can also be done using
tracing paper. In rotation instead of moving a point, we tuir the
plane on which the point is lying or positioned.

For example, Consider point P in the plane.

A

C A a
P

Figure 3.15

Il you rotate point P in clock-wise direction tkough angle 0 do the

lollowing:

1. Trace Figure 3.i5 on tracing paper.

2. Turn your line CA until it reaches line CB, then using
a pin, make a hole on your tracing paper at point p to

get of p' after rotation. See Figure 3.16 and Figure

3.11

B

A

Figure 3.16

57
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,rln(&

.aA

Figure 3.17

Directions of Rotation
ln rotation $,e have two common direction of rotation. We have
clockwise and anti-clock wise directions. clockwise direction
lollows the direction
from ieft to right.

of a common clock in counting time or moving

That is how a point in a plane can change its position by r.otation.
But all geometrical figures are made of points, therefbre t0 rotate a
figure in a plane you need to rotate as many points as you can on that
figure, and then you draw the flgure.

C

Figure 3.18

Figure 3.19

Clocku,ise direction

Anti-clocklvise direction

Anti-clockwise direction goes in opposite direction of a common
clock in counting time or moving fiom right to left.

C

a
P

e

a

P'

B'

BA

//
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Example 1

Find the image of triangle OPM under rotation of 90" in anr-

v

p(x. Y)

o
Nit

Figure 3.20

Solution

i.u.. you, triangle OPM or tracing paper' fix the centre 0 and rotate

;;;;;;gi. 96' anti-ciockwi"' tt"' vour soiution wili be as

follows.

P'("t,1')
M'(o;i

Figure 3.21

After rotation through 90o anticlockwise' the position of triangle

OpV *lff be triangie OP'M' (Figure 3'21)'

Rotation by Using a Pair of Compasses

You can find the image of a given figure by using a pair of

compasses.

o

59
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Example 3

Find the image of
direction.

Solution

(2)

(3)

(4)

OPM under rotation of 90" in clockwise

M

x

Figure 3.22

(1) Use your pair of cornpasses with O as the centre of
rotation in clockwise direction.

P

X,

Figure 3.23

o

N4

P'

Measure angle POP' to be 90"

Measure angle MOM'to be 90"

Join OP', OM' and P'M'to get the image

60
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The ret'lection of point A(x,y) in the line y=x is A,(y,x).
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'A(x,y)

.A',(y,x)

Figure 3.24

Also the reflection of the point B(a,b) in the line of y = -x is B'(-b'-a)

Y=-x

.B(a.b)

o

Figure 3.25

"t

v

_r

.B(-b,,-a)
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Activity 2

Now do thefollowing questions:

l. Find the image of the following figure under Rrao in anti_
clockwise direction with centre O.

v

x

Figure 3.26

2. Find the co-ordinates of the images of the following points
under Rrso" (clockwise direction). In this question remember
to- drarv -1 -l plane before rotation and uie origin as centre
of rotation.
(a) (3, -1) (bX-6, -3) (c) (_4,2).

Contpare rout. otlswers wi.th those given at the end of the unit

Translation and Enlargement
Translation
Dear leamer, I think you arc vcry familiar with the r,vord translator, a
person n'ho delivers the same mcssage frorn one language to another
u,ithout changing rneaning. Similar rneanirrg is used in mathematics
to expiain the change of position of a point fi.orn one station to
another statron, and r,ve deflne Translation as a transformation of an
object which is associated r,vith a sliding rnotion of a specified
distance and direction, rvithout any turaing. The distance an<l
direction is usr-rally indicated r,vith an u,.rlow or. directed line
segment.

Example 1

Let P be any point in the plane and the u,ro* AE is direction of
translation of point P (Figure 3.27) (plane means any surface, for this
case horizonral surface.l.

A
P
a

Figure 3.27 B

62
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To translate point P along the arrow AB . follou the following steps'

1) Take tracing material (any material uhich can a11orv you to

see through). Trace the point P and arro\\' AB on the tracing

material (Figure 28).

2) Extend the uror"Ein the direction of B on the original

paper and not on the tracing paper (Figure 3.28)'

Tracing paper

Figure 3.28

3) N{ake a hole at P, A and B using a pin (office pin) then rnove

your tracing paper along the extended iine until point A

reaches point B. then make a hole again through point P on

tracing paper to getpoint P' (Figure 3.29).

tP

t
Position of tracing PaPer

afier translating (sliding)

B

Figure 3.29

Point P' is the image of point P after translation along ano*[E and

can be seen as follows (Figure 30)

P'
A

a
P

I

B

Figure 3.30

63

tP'

A'



*tnwUnit 3 Applying Trigonomekic Ratios

3)

Move the tracing paper on ertended line (dotted line) until O
reaches P or if you do not have a tracing paper, measure Op
and then measure from P to get O, and p' (Ftgure 3.33).

Final position of triangle ABC will be triangle A'B,C' as
indicated in Pigure 3.33.

Example

Translate the following triangle ABC in the indicated anow, (Figure
3.3 r ).

C

A

B

Figure 3.31

Solution

Use the same steps as in example one.

1) Trace the figure on tracing paper or any other material, which
can enable you to see through (Figure 3.32).

Figure 3.32

Po

2)

64
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lA
I

I

zf-

o

C
-'1

--- |
---l

B

Figure 3'33

Now after you have str,rdied the examples above you can do many

other exercises on your own by tlrawing various figtues and make

translation on that ftgure, "tttrrbt' 
this need more practice' I advise

;;;;;;"te practlce before you do the following exercise'

C'

B'

P'o'P
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Activitl.3

(a)

Figure 3.34

In Figure 61 below, there is a plane made up of points and
various figures indicated within it. In each part draw the
image olthe indicared figure under translation AB.

B

(b) A -r B

Compare your answers with key answers at the end of the unit.

Enlargement
Dear leamer, what about enlargement? Enlargement (scaling
transformation or magnification) is a transformation that stretches oi
"shrinks" the plane away from or towards a specific point. consider
the case of map of Tanzania,which is drawn on apiece ofpaper, this
map can be drawn on a big sheet of paper but still giving the same
map.

The concept of enlargement in mathematics is dealt with when
dealing with a similar figures. Take the case of a common figure,
such as triangle. Here are similarity propefiies of triangles; two
triangles are similar if:

Two pairs of coresponding sides are proportional and their
rncluded atgles are congruent. (SAS)

\

/ \ /
/_-

66
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B

C

Figure 3.35

AB -DE

BC-EF

2. Tivo pairs ofcorresponding angles are congruent (AA).

E
Figure 3.36

ABC=IDEF
IACB = IDFE
3. A11 three p^'-^ ^f conesponding sides are proportional (SSS).

AD

Figure 3.37

AB -DE
AC -DF
BC -EF

The indicated figures oftriangles in Figules 3.36. 3.37 and 3.i8 are

not equal triangles, they are similar, this means that one is

enlargement of the other.

D

A

E

F

B

B
C

F

67



I

Unit 3 Applying Trigonometric Ratios

,ufer,.l*W'

It is not only triangle which can be enlarged or reduced in size, but
because we cennot us€ the properties of triangle for similarity we use
the general case for enlargement or reduction in size of figure.

The general technique is by the use ofa scaling factor.

Scaling Factor

Scaling factor is a technique used in enlargement or reduction of
figures. In scaling factor the lelationship betu,een two figures is that,
the coresponding side of two figures is related by a i-actor /r.

Por enlargement k>1, for reduction t< 1 but k is always positive.

For example

Let OAB be any triangle A'

B

Figure 3.39

By scale factor k we can extend our triangle to have triangle OA'B',
by drawing line A'B'parallel to AB.

Then triangle OAB is simiiar to triangle OA'B',.

In enlargement: triangle OA'B' is enlargement of triangle OAB.

This can be proved as follows.

A
A

Figure 3.40

From Figure 3.40;

m(AOB) = m(A'OB') and OA' = (OA)
OB' = (OB) Therefore

A OAB - AOA'B by SAS (Side, Angle between and Side
are proportional) and

...A'B' = /r(AB)

o

o

B
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.'.Triangle OA'B' is obmined bl multiplying the corresponding side
of triangle OAts'by a fartor fr.

Some exernples of scaling frctor

l:2, This means that ft= 2, and therefme Se corcsponding sides of a
given figrue must be multiplied by 2 to gr* the reguired acrual figure.

Example

Let ABCD be aZcm x 2cm square (Figure 3.41), by a scale 1:2 we
magnif,i.

BA

D

Figure 3.41

Our aim is to get figure A'B'C'D' (Figure 3.42), with 4cm x 4cm
square

A'

A"

D"

Figure 3.43

C

D'

Figure 3.42

Another example of scale:

11
l:7 , this means fr = 1, and therefore the conesponding sides of a

given figure must be multiplied Uy ] to get the required figure.

From Figure 3.42 or square is reduced in size to lcm x lcm square,
ArrB,CrrDrr (Figure3.43).
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Common Techniques used in Enlargement

Dear leamer, let us now look at common techniques used in enlargement

B-_v using squares

Figures, especially iregular figures, are reduced or enlarged by useof squares. Iregular figures means any frgure which its
conesponding sides are not straight or a figure which cannot be
named by common name as a square, rectangle, triangle etc. This
includes your picture, maps of countries etc.

For example, figure 3.44 is an irregular figure drawn in lcm x lcm
square, to eniarge it by factor of2 (k = 2) we draw it in 2cm x 2cm
square Figure 3.45.

/

r-
\

V
Figure 3.45

Radial techniques

If you are given a figure and you want to magnifli (enlarge) or
reduce the size of it, then use Radial techniques. This is more useful
on figures with sides which are straight lines.

For example, figure RSTU is a trapezium enlarged by a scaling
factor of 2 (k= 2) (Figure 3.46).

R

Figure 3.46

I

\

'l
Figure 3. 44

U
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Solution

Draw your figure 3.46 and select your centre inside or outside the
flgure then make arrows starting from centre O to the four comers;
for conshuction use dotted lines. Extend your domed line as far as

you can then draw required figure wittr your line parallel to the
coresponding original

\

figure, see Fisure3.47
J

I

R' U'

R U

Figure 3.47

R'S'T'U' is the required figure.
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Activity 4

Discuss the following questions

1. Draw any triangle and draw its image ay Actor t = | .

2. A circle is having a radius of 2cm, draw its image by a
factot k = 2.

Given that triangle ABC Figure 3.48 is similar to triangle
EDC, what is the scale factor of the enlargement?

A

J

.,

E

2

DB C

Figure 3.48

Combined Transformation, Reflection and Translation

Activity 5

Draw any figure and magnify it using a grid (square)
method by scale factor of 3.

5. Draw the image of a square by scale factor of l ] and the

centre being at the centre of your square by radial
techniques.

Compare your answers with those given at the end of the unit.

Reflect point P(1,2) on the X-axis. Then reflect its image of p on
Y-axis.

If the found image is Q show its location in the x-y plane.
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Expected Austrer
Y

Aa11
--J-L-l

234s6
'(1,-2)

The image Q will be at (-1,-2)

Activity 6

Reflect the point p(2,3) on y-axis followed by
reflection on x-axis.

Expected Answer

X

Q (-2,-

-4-

x

Y

73
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2.

Activity 8

Reflect the point (1,3) on the line x:y followed by
reflection on line x - axis.

Expected answer (3,-1).

The point Q Q,4) is translated under (4,0). Determine its
image after being reflected in the x-axis.

Step 1: Determine the coordinates of e after translated

Expected: (2,4) + (4,0): (6,4).

Step 2: Reflect t6.41 on rhe x-axis.

Expected Mx(6,4) = (6,4)

Tlie lranslation which maps the point p(1,_2) on ro the point
p(3,4) also maps the point e (9.6) on ro rhe poinr e,(2,5).
Find the coordinates of Q. Expected e (_2,_l).

The point p(-2.3) is reflected on the ex_axis and then its
image is translated by (2,3). Find the coordinator of the
image after been translatecl. Expected answer (0,0).

In_this section you will learn how to reflect a point in a given axis
followed by rotation.

2

Reflection and Rotation

You are given point p(2,2) otthe x_y plane:

(i) Reflect rhe point p on x-axis
(iil What is rhe image of point p?

lliO Rotate the image of p through angle of g00clockwise
(iv) What are the coordinates of the image of p after notated?

Activity 9

Expected Answers

Step 1: Draw the x_y plane

Step 2: Indicate the translation

74
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-5 -4 -3

p'( N2,-2

Activity 10

Reflect the point (-1,2) on the y-axis, then rotate the image Q
through angle of 1 S0orespectively. What is the coordinate of Q"?

Expected Answers

Step l: (i) Draw the x-y axes.

(ii) Indicate the point Q (- 1,2) on the x-y axes

(iii) Reflect the point (1-4) on the y-axis.

(iv) Rotate the image of the point Q after reflection
through an angle l80o

(v) Give the coordinate of the final image.

v

3

2

1

\
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-**
is;

Erpected r-\,plane

Step 2;

-6 -5 -4 -3 -2 -l

Q(-1

Q" (-1,-2)

t2345

v

3

( 1,2)

x-

Draw concussion.

ThatMs (-1,2)-(1,2)

and R rao (1,2): (-1,-2)
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Dear learner, you have now completed this unit, can you remember

the things that you have ever rxed in daily life that may relate with
the concept ofrotation and reflection?

Imagine you are riding a motorcycle and.vou are about to turn right
at the corner. can you determine the distance of the car coming

behind you by using the sight mirror?

Imagine also you have parked your car in the wrong parking and

you need to move it to the right parking. Can you relate the concept

of translation with change of car position from the wrong parking

to the right parking?

Similarly a room has a bed of 3 x 6ft that can accommodate two

children. Two more adults need to be accommodated in the same

room. What size of the bed will fit them?

Unit Reflection
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Unit Assignment
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l. Find the image of point A(2,1) after reflection in the x-axis.

2. Find the image of B(3,4) under a reflection in the y-axis.

3. Find the image of the point A(1,2) after reflection in the
true y=x.

4. Find the image of B(3,4) after a reflection in the line y=-x.

5. Find the image of the point (1,2) under the rotation through
1 800in the anticlockwise direction.

6. Find the image of (3,5) after rotation of 900 about the origin
h

7. Find the image of (3,5) after rotation of 2j00 about the
origin h

8. If the point (3, 5) under a given line of reflection is (_3,5)
find the line of reflection.

9. if the image of p under a reflection on the y:0 is (-4,3),
find the object.

10. Draw DABC and its image DA,B,C after a reflection in the
line y-x of A(03) B(3,0) C(3,2). What is this line of
symmetry of the two figures (s).

11. Find the image of (3,4) after rotation of -900 about the any
h.

12. Find the image of (3,3) after rotation of 450 about the
origin.

13. If the point (5,2) under a given line of reflection is (5,2).
Find the line of reflecrion

14, Construct the eniargement of the triangle ABC with your
centre at O using radial techniques, k = 2.

C

A

Figure 3.49 B

@"ry.w

ii
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Plot the triangle ABC with A(2, 3) B(-1, 4) and C(-2, -1) in
the x - y plane. Draw the image of the triangle and T(x, y)
= 0,x)'

Graph triangle AABC with A(3, 1). ts(4, 3) and C(5, -2)
and its image under reflection Ml where I is the line x = 0.

A square of verlices A(0.0) B(0.1) C(1, 1) and D(1, 0) is
in x-y p1ane. Find its imase under enlargement of factor of 3

(ft: 3)

The point A(5,-4) is translated by (2,3), followed by
reflection in the y = 0. Find the image of A.

15

16.

17

r8

Key Answers for Activities
,{ctivitr'1

I v
E

D'

A

i)'
l/t'..
v

BB'

E
/l

I

I

I

I

I

I
D

x
D'Br

A'

Figure 4.50

E'

cr
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&^
.1rL'j-w

2.

M

.- -/l^r. z
I

L -l
r-

Image

L

3, (u) (3, 1) (b) (-6,3)

Activity 2

1.

Figure 4.51

(2, r)

Figure3.52

x'

Z,

Figure 3.53

v

(1,2)
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Unit 3 Applying Trigonometric Ratios
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AABIC' is the image A ABC

Drarv a circle of radius 2crn and then using the sane centre O
draw a circle of radius 4cm.
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