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FOREWORD
The provision of quality education and tr a
overall strategy for social economic development. Quality &titut and training will
contribute t o achievement of Kenyads dev
development goals. This can only be addressed if the current skill gap in the world of
work is critically taken into consideration.

Reforms in the educatiosector are necessary for the achievement of Kenya Vision

2030 and meeting the provisions of the Constitution of Kenya 2010. The education

sector has to be aligned to the Constitution and this has triggered the formulation of the

Policy Framework for Refoning Education and Training (Sessional Paper No. 4 of

2016). A key provision of this policy is the radical change in the design and delivery of

the TVET training which IS t he key to u
industrialization. This policy docnent requires that training in TVET be Competency

Based, Curriculum development be industry led, certification be dbase

demonstration and masteoy competence and mode of delivery allows for multiple

entry and exit in TVET programs.

These reforms deamd that industry takes a leading role in TVET curriculum
development to ensure the curriculum addresses and responds to its competence needs.
The learning guide itommon competencies for this secemhances a harmonized
delivery the competenelyased cuiculum for Electrical, Electronicand Mechanical
sectordevel 6.

It is my conviction that this learning guide will play a critical role towards supporting
the development of competent human resource forEleetrical, Electronicsand
Mechanical sectsbgrowth and sustainable development.

PRINCIPAL SECRETARY, VOCATIONAL AND TECHNICAL TRAINING
MINISTRY OF EDUCATION



PREFACE
Kenya Vision 2030 is anticipated to transform the country into a newly industrializing,
A mi dintéme country providing aigh-quality life to all its citizens by the year
20300. The Sustainabl e Devel opment Goal s
manufacturing sector is an important driver to economic development. The SDG nine
that focuses on Building resilient infrastructuresrorpoting sustainable
industrialization and innovation can only be attained if the curriculum focuses on skill
acquisition and mastery. Kenya intends to create a globally competitive and adaptive
human resource base to meet the requirements of a rapidistriatizing economy
through lifelong education and training. TVET has a responsibility of facilitating the
process of inculcating knowledge, skills and attitudes necessary for catapulting the
nation to a globally competitive country, hence the paradigift $0 embrace
Competency Based Education and Training (CBET). The Technical and Vocational
Education and Training Act No. 29 of 2013 and the Sessional Paper No. 4 of 2016 on
Reforming Education and Training in Kenya, emphasized the neegkféom
curricdum development, assessment and certification to respond to the unique needs
of the industry. This called for shift to CBET to address the mismatch between skills
acquired through training and skills needed by industry as well as increase the global
compettiveness of Kenyan labor force.

The TVET Curriculum Development, Assessment and Certification Council (TVET

CDACC), in conjunctionndustry/sectodeveloped the Occupational Standards which

was the basis of developing competebaged curriculum and assenent of an

individual for common competencief®r an Electrical, Electronicand Mechanical

s e c tlewal 66 @®he learning guide is geared towards promoting efficiency in delivery

of curriculum. The learning guide is designed and organized with cldantmactive

learning activities for each learning outcome of a unit of competency. The guide further

provides information sheet, selfs sessment, tool s, equi pment 6:¢
and references.

| am grateful to the Council Members, CounaiicgtariatElectrical, Electroniceind

Mechanicals e ¢ terperts and all those who participated in the development of this
learning guide.

Prof. CHARLES M. M. ONDIEKI, PhD, FIET (K), Con. EngTech.
CHAIRMAN, TVET CDACC
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CHAPTER 1: INTRODUCTION
1.1. Background Information
This learning guide has been developed ia lith the functions of TVET CDACC as
stipulated in Article 45 (1a) of the Technical and Vocational Education and Training
(TVET) Act No. 29 of 2013, theSessional Paper No. 2 of 2015 that embraces
Competency Based Education and Training (CBET) syskem.therefore, the sole
intent of this document to provide guidelines for a Compet&ased Common
Competencies for Electrical and Electronics Engineering, and Mechanical Engineering
Sectordor level 6

This learning guide consists of interactive leagraativities, content, self assessment
and relevant and related references that enhances implementing Bhgineering
courses fotevel 6 qualification. It enables the trainee to acquire the competencies that
enable him/her to undertake the variouscpsses inElectrical, Electronics and
Mechanical Engineering SectorBhe Guide further provides illustration, web links,
case studies, exmaples and resources on how to implement all the learning
outcomes/elements described in the Curriculum and ocoupatstandards with a
particular focus to a trainee.

1.2. The Purpose of Developing the Trainee Guide

Electrical Engineering (Power option) Level 6 curriculum development process was
initiated using the DACUM methodology where jobs/occupations were fehti
Further, job analysis charts and occupational standards were generated in collaboration
with the industry players under the guidance of TVET CDACC (Curriculum
Development Assessment and Certification council). The result of the process was an
Electrical, Electronics and Mechanical Engineering level 6 common units. The
common units wertirther broken down to end up with units of learning. To effectively
implementcommon unitslearning guides are required to provide training content and
guide the learer and trainers on the learning process aimed ariing g the relevant
knowledge requisiteskills and the right attitudéihe industry. Learning guides are part

of the raining materials

1.3. Layout of the Trainee Guide

The learning guide is organized per chapters. Chapter one presents the background
information, and purpose of developing the trainee guide. Each of the units of
learning/unit of competency is presented as a chapter on its own. Each chapter presents
the introduction of the unit of leaing/unit of competency, performance standard and

list of the learning outcome/elements in the occupational standards.

Learning Activities

For each learning outcome, the learning activities are presented covering the
performance criteria statements darainees demonstration of knowledge in relation to
the range in the occupational standard and content in the curriculum.



Information Sheet

The information sheet is section under each learning outcome that provides the subject
matter in relation to detition of key terms, method, processes/procedures/guidelines,
content, illustrations (photographs, pictures, video, charts, plans, digital content, and
simulation) and case studies.

Self-Assessment

Selfassessment based on the performance criteria, eelgkmowledge, skills and the

range as stated in the occupational standards. The section further provides questions
and assignments in which trainees demonstrate that they have acquired the required
competences and an opportunity to reflect on what theg aeguired. It is expected

that the trainer keeps a record of their plans, their progress and the problems they
encountered which wil/l go in traineebs por
selection of evidence that meets the -gedined requiremants of complexity,
authenticity and reliability. The portfolio starts at the beginning of the training and will

be the evidence for the development and acquisition of the competence (summative and
formative) by the student. It is important to note thattfBio assessment is highly
emphasized in the learning guide

Finally the guide presents tools, equi pmen
outcome as guided by the performance criteria in occupational standards and content in
curriculum. Referaces, relevant links and addendums are provided for further reading.

The units of competency comprising this qualification include the following common

and unis of learning:

This course is designed to equgarnerswith the competencies required apply
engineering mathematics, perform workshop processes, apply electrical principles,
prepare and interpret technical drawings, apply mechanical science principles, apply
thermodynamic principles, apply fluid mechanics principles and apply material science
and perform metallurgical processes.

Common Units of Learning
Tablel: Common Units of Learning

Unit Code Unit Title Duration | Credit
in Hours | Factors

ENG/CU/PO/CC/01/6 | Engineering Mathematics 110 11
ENG/CU/PO/CC/02/6 | Electrical pmciples 240 24
ENG/CU/PO/CC/03/6 | Workshop Technology 60 6

ENG/CU/PO/CC/04/6 | Technical Drawing 130 13
ENG/CU/PO/CC/0B | Mechanical Science Principle 75 7.5
ENG/CU/PO/CC/06 | Thermodynamic Principles 40 4.0
ENG/CU/PO/CC/0i6 | Fluid Mechanic Principles 75 7.5




ENG/CU/PO/CC/08 | Material Science & 70 7.5
Metallurgical Processes
Total 800 80.0




CHAPTER 2: ENGINEERING MATHEMATICS /APPLY ENGINEERING
MATHEMATICS

2.1. Introduction of the Unit of Learning / Unit of Competency

This unit describes the oypetencies required by a technician in order to apply algebra,
apply trigonometry and hyperbolic functions, apply complex numbers, apply
coordinate geometry, carry out binomial expansion, apply calculus, solve ordinary
differential equations, solve Laplatensforms ,apply power series, apply statistics,
apply numerical methods, apply vector theory apply matrix, apply Fourier series and
numerical methods.

2.2. Performance Standard

The trainee will apply algebra, trigonometry and hyperbolic functionsyptex
numbers, coordinate geometry, carryout binomial expansion, calculus ordinary
differential equations, Laplace transforms, power series, statistics Fourier series, vector
theory, matrix and numerical methods in solving engineering problems.

2.3. Leaning Outcomes
2.3.1. List of Learning Outcomes
a) Apply Algebra
b) Apply Trigonometry and hyperbolic functions
c) Apply complex numbers
d) Apply coordinate geometry
e) Carry out Binomial Expansion
f) Apply Calculus
g) Solve ordinary differential equations
h) Apply Laplace trasforms
1) Apply power series
j) Apply statistics
k) Apply Fourier series
[) Apply vector theory
m) Apply matrix
n) Numerical methods



2.3.2. Learning Outcome No. 1. Apply Algebra
2.3.2.1 Learning Activities.
Learning Outcome No. 1. Apply Algebra

Learning Activities Special Instructions
1 Perform calculations involving indices as per
concept
1 Perform calculations involving logarithms as per
concept
1 Solving simultaneous as per the rules
1 Solving quadratic equations as per the concept

2.3.2.2. Information Steet No.2/ LOL1.

Algebra is used throughout engineering, but it is most commonly used in mechanical,
electrical, and civil branches due to the variety of obstacles they face. Engineers need
to find dimensions, slopes, and ways to efficiently create anytsteuor object.

Definitions

Algebra is the study of mathematical symbols and the rules for manipulating these
symbols; it is a unifying thread of almost all of mathematics. It includes everything
from elementary equation solving to the study of abstrastsuch as groups, rings, and
fields.

Content

Indices

An index number is a number which is raised to a power. The power, also known as the
index, tells you how many times you have to multiply the number by itself. For
example, 2means that you have touttiply 2 by itself five times = 2x2x2x2x2 = 32

Laws of indices

H o p

(i) () —

(i) &» ()
ivyv o o ()
(v) ) w8

vi)y @& Vo

Application of rules of indices in solving problems.
T yixy =y

Examples

24 X 28 = 212

54 X 5—2 - 52

T y=y=y*



Examples

2 0o pfgco piy

31=1/3

1 b 7T EVNQ &
Examples
16¥2= a16 = 4
8B8=(a &34
1 o W
Example
2>+ 8
=2+ (2
=22+ 22
y'=1
Example
50=1
Logarithms

If a is a positive real number other than 1, then the logarithm of x with base a is defined
by:
= — Y
y=log,X o X=a
Laws of logarithms
0 OEDw GEM aéEm@
(i) a8 - aE® aéEm@
@iy a¢&Q €0 € Mfor every real number



Simultaneous equations with three unknown
Simultaneous equations are equations which have to be solved together to find the
unique values of the unknm quantities which are time for each of the equations. Two
methods of solving simultaneous equations analytically are:

(1) By substitution

(i) By elimination

Examples

Solve the following simultaneous equation by substitution methods
on Cw p888BE
W ow ¢ pdB8B8NQ
TW ¢ o pX8E8 QUQQ

From equation (i) ® p o ow ¢a
Substituting these expression ¢ 0w ¢& "Q€ ® "QQUL Qi
Opo OW G GO g P
CWw @I CW W p
PO LA o 88888NQU
Tpo oW ¢ 00 QW pX
VG P@ YW O Cw pX
pd UL o8 a&8U

Solve equation (iv) and (v) in the usual way,
From equations (ivpa p @ o Hr —
Substituting this in equation (v) gives

pmd U %Lp ov

P pO oY OV
W OouvaoyYo

w o
, P oY ocooyY v
a —_
‘ 0] 0] 3]

Butw po ow ca
W pooCc O ¢Cp
=p0 w Q

=2

Therefore,&0 ch®w o ®E& @ p is the required solution
For more worked examples on substitution and elimination method refer to Engineering
Mathematics by A.K Stroud.



Quadratic Equations
Quadratic equation is one in which the highest power of the unknown quantity is 2. For
examplew ow UL T is a quadratic equation? The general form of a quadratic
equation is OO O 0 TO'MI @OHE Q& are constants and®
mEQ & & UG GXD 1 '@ SADHOSQE & |

a. By factorization (where possible)

b. By completing the square

c. By using quadratic formula

d. Graphically

Example
Solve the quadratic equation tw T T by factorization method
Solution
W Tw T T
W W W T T
WWw ¢ (W ¢ T
W ¢ W ¢ ]!

lew ¢ MéEiw ¢ T
W Céiw ¢
i.e. the solution isw  ¢(twice)

For more worked examples on how to solve quadratic equations using, factorization,
completing the square, quadratic fadanrefer to basic engineering mathematics by J.O
Bird, Engineering mathematical by K.A STROUD etc

2.3.2.3. SeHAssessment
This section must be related with the Performance Criteria, Required Knowledge and
Skills and the Range as stated in the OccupatiStandards.

Q1. (a) Solve the following by factorization
MQw W X T

QM cvw p 1
(b) Solve by completing the square the following quadratic equations
() co ow ¢
(how w @ T
Q.2 Simplify as far as possible
NHaeEM®@ ™ o aQw p

(Dche®@ p ae® p

Q.3 Solve the following simultaneous equations by the method of substitution



W oW & ¢
L CW Ca ¢
TW 00 LVd U

Q.4 Simplify the following

0O ¢w -0 WT wo

Describe quadratic equations.

Differentiate between the two methods of solving simultaneous equations
0) By substitution
(i) By elimination

Indices is the study of mathematical symbols and the rules for manipulating these
symbols.Trueor false?

Quadratic equation is one in which the highest power of the unknown quantity is 2.
True or false

2.3.2.4. Tools, Equipment, Supplies and Materials for the specific learning outcome
1 Calculator
1 Writing materials

2.3.2.5. References

1 Basc Engineering Mathematics by J.O Bird
1 Engineering Mathematics by K.A STROUD
1 Technical mathematics book 2 by J.O bird
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2.3.3. Learning Outcome No. 2. Apply trigonometry and hyperbolic functions
2.3.3.1. Learning Activities
Learning Outcome No. 2. Aply Trigonometry And Hyperbolic Functions
Learning Activities Special Instructions
1 Perform calculations using trigonometric rules
1 Perform calculations using hyperbolic functions

2.3.3.2. Information Sheet No 2/LO2.

Trigonometry is the branch afathematics which deals with the measurement of sides
and angles of triangles and their relationship with each other. Two common units used
for measuring angles are degrees and radians.

Trigonometric ratios

The three trigonometric ratios derived fromghti angled triangle are the same, cosine
and tangent refer to basic engineering mathematics by J.0 Bird to read move about
trigonometry ratios.

Solution of right-angled triangles
To solve a triangle means to find the unknown sides and angles, thlidseacby
using the theorem of Pythagoras and or using trigopnometric ratios.

Example
In a triangle PQR shown below find the length of PQ and PR

CR

0 0

Ca

0O€E SO'lIJ TY X_
Hence
00 x®DOAd Y

XEB)(DZ‘[S(QJDG
L& @ a

Ai of 0'Y X

oY 0Y 0°Y
oy —2 :88 =9.518cm

For more worked examples refer to basic engineering mathemgtit$ Bird. Also
use it to learn about angles of elevation and depression.

Compound angle formulae
Sin® 6 CYW@RATHO 6 ¢60BI

6¢b 6 6&b OB YAERYGR

11



O5AD & OAl OA3
pu OANO WE 6

Refer to technician mathematics book 3 by J.O Bird and learn more about compound
angle formulae

Conversion of a coswt + bsinwt into the general foffiY’ Q& 0 ¢

Let a Coswt + bSinwt &¥"Y"Q& 0 ©

Expanding the right hand side using the commmbangle formulae gives

Acoswt + bSinwt =Y YQE B DHE D& [ 0w
=YAT8OSYQ: 0YYQEOEi VO
Equating the coefficients of Coswt on both sides gives.
W
@ YYEEAEYNE v

Equating tle coefficients of Sinwt on both sides gives

O YOEH EQ6 € P

<l g

If the values of ® G & @ are known, the values ofY & & [Q can be calculated.
From Pythagoras theorem.

Diagram

Y @D

And from trigonomeic ratios,

6 O0WE =
W

Example
Expresso"Y'Qe 1 0 € i inthe general formY "Y' Q& |

Leta"™Y'Qe 10 €4+ YYQ& |

Expanding the right hand side using the compound angle formulae gives
OYQeE 10+ YYQDEID |06 €4+YQE |

=YQ£ I'YQRE YYQES £+
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Equating the coefficient of:
0 € iN— YYQeAYY Qe v

Sn—D o YOE&|l OE|T -

This the values ofY® &) can be evaluated.

Diagram
Y T O U

W ow W T -
| owe?I V@ osiqopo

Since bothY'Qéw ¢ Q€ |i are positive, r lies in the first quadrant where all are
positive, Hence 233.%23s neglected.

Hence
oYQe ¥ 0€¢€+ LVYQE~ v® O

Example
Solve the equatioro"Y'Q& 10 € + ¢ for values of—betweennt and ¢ @ T
inclusive

Soln

From the example above
oYQE 0 €4+ LVLYQe~ v Do

Thus
LYQe v@do ¢

YQe v o

— v o YQeCI

— V0o @ Yorpudc
— (@Y vPo= ¢@dvUL

=330.4%
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OR— pudc¢ LvV®O

=p & W

Therefore the roots of the above equationpare®y w ¢ 1330.4%

For more worked examples refer to Technician mathematics book 3 by J.) Bird.

Double /multiple angles
For double and multiple angles refer to Technician mathematics by J.O Bird

Factor Formulae
For worked exampled refer to Technic mathematicskb®oby J. O Bird, Pure
mathematics by backhouse and Engineering mathematics by KA Stroud.

Half 1 angle formulae
Refer to pure mathematics by backhouse and Engineering mathematics by K.A
STROUD

Hyperbolic functions
Definition of hyperbolic functions)Y T £'Mocd & & &0
1 Evaluation of hyperbolic functions
1 Hyperbolic identifies
T Osborneds Rul e
f Solve hyperbolic equations of the fornE @ @ Y@ 6

For all the above refer, to Engineering mathematics by K.A STROUD

2.3.3.3. 8lf-Assessment

Q1. A surveyor measures the angle of elevation of the top of a perpendicular building
agp w He moves 120m nearer the building and measures the angle of elevatipn as
Calculate the height of the building to the nearest meter.

Q2. Solve the equation AT-© 1°YQ& o for values of —betweenT and
oQTm
Inclusive.

Q3. Prove there identifies
N6 GO ORe YO
Q.4 Solve the equation
CY®D TOE® v
Define trigonometry

14



. Describetrigonometric ratios

. Differentiate various hyperbolic functions

. Perform calculations on various hyperbolic functions

. Trigonometry is the branch of mathematics which deals with the measurement of
sides anangles of triangles and their relationship with each other. True or false?

9. Hyperbolic function is in the form sinX, TanX. True or False?

o0 ~N o O

2.3.3.4. Tools, Equipment, Supplies and Materials for the specific learning outcome
Writing materials

Geometrical set

Calculator

2.3.3.5. References
1 Basic engineering mathematics by J.O Bird
1 Technical mathematics book 3 by J.O Bird
1 Pure mathematics book 1 by Backhouse
1 Engineering mathematics by K a Stroud
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2.3.4. Learning Outcome No.3 Apply Complex Number
2.3.41. Learning Activities

Learning Outcome No. 3. Apply Complex Number

Learning Activities Special Instructions
1 Preparing complex numbers using ARgand diagra|
1 Performing operations involving complex number
1 Performing calculations involving complex numk

using De Moirés theorem

2.3.4.2. Information Sheet chapter 2/LO3

Apply Complex Number

A number of the form "Qds called complex number wheré® & Q are real
numbersanQ M p wecalla t he r eal part and 0bod
complex®d "Qdf ¢ ¢ then'Qds said to be purely imaginary, @ 1 the number

is real

Pair of complex numbeb "Qaare said to be conjugate of each other.

Addition and subtraction of complex numbers
Addition and subtraction of complex numbers is achieved by adding or subtracting the
real parts and the imaginary parts.
Example 1
T @ o
T Q@ o
=1 0
=X 7@

Q
=t Q@ o @
G

Example 2
T ¢ Q 1™ Q@ ¢ Qi 1™ ¢ X v
¢ Qg

Multiplication of complex numbers
Example 1

o @ ¢ @
¢ @ Qu
@ Qo ¢mi QEWQ p
=p1 Q
Examples 2

v v Q

VLV @V @ cuv@nm@anm Qprt

CL QT
=89
A pair of complex numbers are called conjugate complex numbers and the product of
two conjugate. Complex numbers is always entirely redl.i Qi Q¢ —

16
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Argand diagram

Although we canat evaluate a complex number as a real number, we can represent
diagrammatically in an argand diagram. Refer to Engineering Mathematics by K.A
Stroud to learn more on how to represent complex numbers on an argand diagram. Use
the same back learn three farof expressing a complex number.

Demoi vreds Theorem

Demoivreodos theotemM sxXatiedé it h@itQe s —
It is used in finding powers and roots of complex numbers in polar

Example

Find the three cube roots ali v @Wéci¢ U QI CRF Y

v ., v
O @ 6 Qi |
o o
P pWEXIL QI XQi
G pXpwéXiv QYQE
Cube roots are the same size (modules) i.e 1.71 and separated at intervals o€

pCm
@ g XU
¢ 3

G =171 0 p QYERE )
Sketched Argand diagram.

X
J V4
w X

Refer to engineering mathematics by K.A Stroud and learn more on how to find the
expansion of

wé andw é i—

LOCI problems

We sometimes required to find the locus of a point which moves in the Argand diagram
according to some stated condition.

17



Examples

If & o 'Qgfind the equation of the locus— ¢

[ Q¢ —@ Q&

O p O Qup ® p QOioEEQA
G p ® Qup ® p QOiidE QA

cC— — ———
C— _ — =
W p (%)

W p W

L W p W

‘oo o '

Cop ®W T ® p

W WP O TW WP O
T W T TW

Cow -10x+340w T

2.3.4.3. SeHAssessment
1. Aind the fifth roots of ¢ @ in polar form and in exponential form

2. Determine the three cube roots ef giving the results in a modulus/ argument

form.
Express the principal root in the fordd Q&

3.If¢d o QEO'Mi @G é @ are real, show that the locus— ¢ is a circle

and determine its center and radius.

4. Describe De Moirés theorem

5. Perform calculations involving complex number using De Moirés theorem

6. ExplainArgand diagram

7. A number of th form & "Qds called complex number wheré®® ¢ @ are real
numbers an? M p TRUE OR FALSE?

8. Demoivreds t béb e MEst abéeist BihaMRUE
OR FALSE?

2.3.4.4. Tools, Equipment, Suplees and Materials for the specific learning outcome
1 Calculator

1 Writing materials

1 Geometrical set.

2.3.4.5. References

1. Technician Mathematics Book (4 and 5) by J.O Bird
2. Engineering Mathematics by K.A Stround

3. Mathematics for Engineers by Dass
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2.3.5. Larning Outcome No. 4. Apply Coeordinate Geometry

2.3.5.1. Learning Activities

Learning Outcome No. 4. Apply CeOrdinate Geometry

Learning Activities Special Instructions

1 Calculating polar equations using coordinate
geometry

1 Drawing graphs of given pal@quations using the
Cartesian plane

1 Determining normal and tangents using coordinat
geometry

2.3.5.2 Information Sheet No. 2/LO4

Introduction

The position of a point in a plane can be represented in two forms
i) Cartesian caprdinate 6o
i) Polar ceordinate i h—

The position of a point in the corresponding axis can therefore generate Cartesian and
polar equations which can easily change into required form to fit the required result.
Example

Converti i "Qénte-Cartesian form.
. @
wéi —
W
i Qs —
@
Form Pythagoras theorem w
i i Q¢ —
w w -
@
O Wi o
O 00w W W
O W0
Example 2
Find the Cartesianggiation of
() 1 &p co&ii) 1 O&+ | N
[TheO € isuggestthe relatiom O U “Yse multiplying through by r}
Ci WOl Qg &
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Ch o W & ® &
Therefore the Cagsian equation ofi GOp coéiis ® © CHOW
(i) 1 Q&+ | N
wé + | May be expanded
Ci wé i —nigi 10t —i Qe |

(i)  Therefore the Cartesian equation o6y é— | Riswowé i wi Q¢
n
Example 3

Find the polar equation of the circle whose Cartesian equation iTo  Tw

0w W T

Put® 1 ®ého — | "Gthen

i OEH— 11 08 11 0T —

Ci 1 wéi —

Therefore the polar equatiarf the circle is 1 0éi —

For more information on the conversion of Cartesian equation to polar equation and

vice versa refer to pure mathematics by J.K Backhouse

2.3.5.3.Self-Assessment
1) Obtain the polar equation of the following loci
() O W 0

i) o o o
(i) o

(v) © TOO o
V) ® O @ T

Vi) 0w ®
2) Obtain the Cartesian equation of the following loci

@M i g

(i) a(l+cosy

(i) 1 Owéi —

(ivy, 1 ©om: —

(V) I cop | Q&

(i) ¢ i @ o

(i) - p Ywéi —

(Vi) 1 TODE O —0ET QO—

3) Differentiate between Cartesian-oadinate and Polar eordinate

4) Perform calculations on polar equations

5) The position of a point in a plane can be represented in two forms: Cartesian co
ordinate fw ¢ Polar ceordinate i h— TRUE OR FALSE?

6) The equation @ illustrates Pythagoras theorem. TRUE OR FALSE?
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2.3.6 Learning Outcome No.5 Carry out Binomial Expansion
2.3.6.1 Learning Activities
Learning Outcome No. 5. Carry Out Binomial Expansion
Learning Activties Special Instructions
1 Determining roots of numbers using binom
theorem
1 Determining errors and small changes us
bionomical theorem
1 To cover the Performance Criteria statements
1 Trainees to demonstrate knowledge in relation
The Range in the Occupational Standards a
Contentin the curriculum

Carry out Binomial expansion
Binomial is a formula for raising a binomial expansion to any power without lengthy
multiplication. It states that the general expansiortdf & is given as

O Mo EQ ¢ X A + é
Where n can be a fraction, a decimal fraction, positive or negative integer.

Example 1
Use binomial theorem to expand

Solution
e 5 [ 5 LA N 1A
N W DWW tw ¢ X A é
0 c¢chw wOweE® o
¢ Cw o¢ W . . + é

A A
PY PO o ©
For more examples on positive power refer to Technician Mathematic Book by J.O
Bird.

Binomial theorem for any index
It has been shown that
P W P £ W —A(b é .
The series may be continued indefinitely for any valug pfovide p @ p
Example
Use the binomial theorem to expand in ascending power of x as far as the term in
w38
Solution
Since— may be written® ® @ , the binomial theorem may be used. Thus

P O p p W — O —+ €
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Provided p ® p
Practical application of binomial theorem

Examplel
The radius of a cylinder is reduced by 4% and its height increased by 2%. Determine
the appropriate percentage change in its volueggacting products of small quantities.

Solution
Volume w “i Q
Let original values ba, ®'Q Q4 i
0QWQ Q
New values i OQQ6p mdrti
0QWQ p TWICQ
New volume “p TIMTI p TWTQ
Using binomial theorem,p 71811 p ¢M&BIT TAIT p 1LY
=1 Qp mryPpsdrtg ‘I QmdT
Percentage change s ° b

The new volume decreased by 6%

2.3.6.3. Assessment
1. Expand a far as the third term and state the limits at which the expansions are

valid.
n —
(i) Mm o
2. Show that if higher power of x are neglected
P W LW
P o T

3. The second moment of area of a rectangular section through its cengwiens
by—. Determine the appropriate change in the second moment of abds if

increased by 3.5% arids reduced by 2.5%

Explain binomial theorem

Describe binomial expansion

Identify roots of numbers using binomial theorem

Bionomical theorentan be used to identify small changes and errors TRUE OR

FLASE?

8. Binomial is a formula for raising a binomial expansion to any power without
lengthy multiplication. TRUE OR FALSE?

No oA
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2.3.6.5. References
1. John Bird Higher Engineering Mathematics sixth éalit
2. Pure Mathematics: JK BackHouse
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2.3.7. Learning Outcome No. 6. Apply Calculus
2.3.7.1. Learning Activities

Learning Outcome No. 6. Apply Calculus
Learning Activities Special Instructions

1 Determining Derivatives from first principles

1 Determinng derivatives of inverse trigonometi

functions

1 Determining the rate of change and small char
using differentiation
Determining integrals of algebraic functions
Determining integrals of trigonometric functions
Determining integrals of logarithmic futiens
Determining integrals of hyperbaric and inve
hyperbaric functions.

=4 4 4 A

2.3.7.2 Information Sheet No. 2/ LO6

Calculus is a branch of mathematics involving calculations dealing with continuously
varying functions. The subject falls into two pariamely differential calculus
(differentiation) and integral calculus (integration)

Differentiation

The central problem of the differential calculus is the investigation of the rate of change
of a function with respect to charges in the variables on whadpends.

Differentiation from first principles.
To differentiate from first principles means to fiif2l  using the expression.

- 2 QW ] W
Q| | El/—/————
o ‘]w
1 ® m
N

MM 1 ®© © ] 0 0 W o
MVw 1T 0 QW ® (0 o o

=C0] @ w
MQw 1 ® Qw ] o w
1 w 1 ®
=Cw |1 W
As] ® Th—— O co T
COw | El——=cw
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At w o, the gradientofthecurvei@w ¢ o [0)
Henceif Quw w, "Qw ¢« Thegradientab ocis6

Methods of differentiation
There are several methods used to differentiate different functions which include:
(i) Product Rule
(i) Quotient Rule
(iif) Chain Rule
(iv) Implicit Rule

Example:

Determine Q ¢dven thato o Y'QE w

Solution
From product ruleé b 6—+0—
0 wandd YQ& w

— = — béi
C— =0 @B i OYQE®
=06 & d CoYB
. W op
W T
W o

Soln.Using Quotient rule:

. . Q6 , QU

ow "G °Qn

V) 0

0 w+l 0 W O
— W —=1

W e p
O W w
For more examples on the cases of application of the other, highlighted rates refer to

Engineering Mathematics by K Stroud.
Application of differentiation
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Differentiation can be used to daténe velocity and acceleration of a moving body.
It can also be applied to determine maximum and minimum values.

Example:A rectangular area in formed using a pieced of wire 30cm long. Find the
length and breadth of the rectangle if it is to enclosené@mum possible area.

Solution.
Let the dimension a rectangle bex® ¢ Q
Perimeter of rectanglecy c¢w 0 @
iew w pééeéeé(i)
Since itdéds the maximum area that 1 s requir.
in terms of one variable only.
Area=0 QO
From equationQw p Y
Hencedb wpyPY @ pP
Now that an expression for the area has been obtained in terms of one variable it can be
differentiated with respect to that variable
— P Y CWQEd & wQadr dinimum value i.ew ®
,?2—2) ch COOBOE 'Q Q0 SXMUCE Do QAW @ 6 Q
W PpPY W pPY w w
Hence the length and breadth of the rectangle of maximum area both 9 cm i.e a square
gives the maximum possible area for a given perimeter length When perimeter is 36cm

maximum area, possible is &4 .

Integration

Process of integration reverses the process of differentiation. In differentiation if
Qo ®thenQw cn

Since integration reverse the prices of moving ff@w to "Q(x), it follows thatthe
integral ofca'Qty "BQSINN | ¢ QA E U "O0I"G A(X) to "Qw . Similarly if

W o then — 0w . Reversing this process shows that the integratofand

.

Integrationis also the process of summation or adding parts together and on elongate
doshowna i s used to replace t heerowand de® O6i nt egr @
W

Refers to engineering mathematics by K.A strond and learn those on defihite an
indefinite integrals.

Methods of integration and application of integration
The methods available are:

a. By using an algebraic substitution

b. Using trigonometric identifies and substitutions
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c. Using partial fraction
d. Usingthed O € substitution
e. Using integration by parts

Refer to Engineering mathematics by K.A strond and learn more about methods of
integration,

Also we the above stated book to learn more on application on integration to find areas,
volumes of revolutions etc

2.3.7.3. SeHAssessment

1. Find the ceordinator, of the points on the curve

pfo v ow
ow (
Where the gradient is zero.
2. f ® — — — Vo.Find— &e& Q-

3. Find @ £@ Y Qo 'Q o

Evaluator, Qw

Explain calculus

Paform calculations on inverse trigonometric functions

Differentiate algebraic functions, trigonometric functions and logarithmic
functions

8. Perform calculations on integrals of hyperbaric and inverse hyperbaric functions.
9. Cross product is a method of diféatiation. TRUE OR FASE?

10.Use of partial fraction is a method of differentiation. TRUE OR FLASE

No o A

2.3.7.4. Tools, Equipment, Supplies and Materials for the specific learning outcome
1 Writing materials
1 Calculator

2.3.7.5. References
1. Technician MathematidBook (4 and 5) by J.O Bird
2. Engineering Mathematics by K.A Stround
3. Mathematics for Engineers by Dass
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2.3.8. Learning Outcome No. 7. Solve Ordinary Differential Equations
2.3.8.1. Learning Activities
Learning Outcome No. 7. Solve Ordinary Differential Ejuations
Learning Activities Special Instructions
7 Solve first order and second order differen| § Find general solution
equations using the method of undetermi| { Find particula
coefficients. solution
1 Apply boundary conditions to find the particu
solution

2.3.8.2. Information Sheet No. 2/ LO7
An equation involves differential eefficient is called a differential equation examples.

m - —

(i) — ¢—1 8y=0

The order of a differential egtian is the order of the highest differential is coefficient
present in the equation.

Differential equations represent dynamic relationship i.e quantities that change, and are
thus

An equation which involve differential eefficient is called a differerdl equation.
Example:

n - —
i) — ¢— Ut m
The order of a differential equation is the order of the highest differential coefficient
present in the equation.
A differential equation represent dynamic relationships, ie quantitetchange, and
are thus frequently occurring in scientific and engineering problems.
Formation of a differential equation
Differential equations may be formed in practice from a consideration of the physical

problem to which they refer. Mathematicalligey can occur when arbitrary constants
are eliminated from a given function.

Example
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Consider® 6 i "Q& @ é,iwhere A and B are two arbitrary constants. If we
differentiate, we get

— 00¢1 ®YQand— OYQeE @O €1 W OYQE@O €1 W
i.e — W
¢ Qw |

— W T

Qo

This is a differential equation of the second order.
For the formation of first order differential equations, refer to Technician Mathematics
4 and 5 by J.O Bird.

Types of first ordedifferential equations:
1. By separating the variables
2. Homogeneous first order differential equations
3. Linear differential equations
4. Exact differential equations

Refer to Engineering Mathematics by K.A Stround, Technician 4 and 5 by J.O Bird for
worked out gamples and further exercises.

Application of first order differential equations.

Differential equations of the first order have many applications in engineering and
science.

Example:

The rate at which a body cools is given by the equatiens "‘Q-where —the

temperature of the body above the surroundings is‘@ila constant. Solve the
equation for—given thatd 1th

Solution
0—
Qo
Rearr
angin
g
gives
Q0o
P

0—

Integrating both sides givesQo —_ —

ie 0 —a¢—ewéeééeeée. . (i)
Substituting the boundary conditiods 1T h— —to find ¢ gives

notas 6
Q
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~
g

i.e W -0&

Substitutingdd — & € in equation (i) gives

. P P,
0O —=<-U¢& —0&
Q Q
T S o
fo! o —
0o & t—
Hence — —Q

Further problems on application of differential equations may be found in
Engineering Mathematics by K.A Stround, Technician 4 and 5 by J.O Bird.
Formation of the second order differential equation

For, formation of second order differential equations refer Etngineering
Mathematics by K.A Stround, Technician 4 and 5 by Jt@ B

Application of second order differential equations

Many applications in engineering give rise to the second order differential equations
of the form

Qo JQw ., "o
W—— W—, Ow Qw
() Qw

Wheredfuftoare constants coefficient afdo is a given function ofa
Example include:

(1) Bending of beams

(2) Vertical oscillations and displacements

(3) Damped forced vibrations

For more worked examples refeo Engineering Mathematics by K.A Stround,
Technician 4 and 5 by J.O Bird.

2.3.8.3 SeHAssessment
Q1. Solve the following equations:

0) WWw 0 —TW
(i) Ww W W Www— T
(i) — WOoWEwWNE w
Q2. The changerj, on a capacitor in an LCR circuit satisfies the second order
differential equation
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Show that iic) &Y the general solution of this equation is

. L T v,
n Q_ows—etg Ol w0
w )

If ' Q — mand Tmwhend Tt Show that the current in the circuit is
w~ GO . . R
SRR 2

w

. Explain differential equations

. Describamethod of undetermined coefficients

5. Perform calculations on first order asetond order differential equations using the
method of undetermined coefficients

6. An equation which involve differential edficient is called a differential equation.
TRUE OR FALSE?

7. Linear differential equations is not a first order differentglagion. TRUE OR

FALSE?

D

2.3.8.4. Tools, Equipment, Supplies and Materials for the specific learning outcome
1 Calculator
1 Writing materials

2.3.8.5. References
1. Technician Mathematics Book (4 and 5) by J.O Bird
2. Engineering Mathematics by K.A Stround
3. Mathemadics for Engineers by Dass
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2.3.9 Learning Outcome No. 8. Apply Laplace transforms

2.3.9.1 Learning Activities

Learning outcomeNo. 8. Apply Laplace transforms

Learning Activities Special Instructions

1 Derive Laplace transform from first principle. 1 Rule of partial

1 Solve Laplace transforms using initial and fing fractions
value theorem.

1 Determine inverse using Laplace transform usir
partial fractions,

1 Solve differential equations by using Laplac
transform

1 To cover the Performance Criteria statements

1 Trainees to demonstrataowledge in relation to; Th
Rangein the Occupational Standards addntentin
the curriculum

2.3.9.2 Information Sheet No 2/LO8

Definition

The Laplace transform of a functid@o is denoted byl "O06 and is defined as the
integral of O0'Q between the limite mando Hb.

iefl' oo _ 00Q AO

in determining the transform of any function, you will appreciate that the limits are
substituted fob, so that the result will be a functioniof

C fl '00 00Q A0 Qi

Deriving the Laplace transform from the first principles
To find the Laplace transform from first principles.
Example
To find the Laplace transform @0  @(constant)

&
i

fl @ wQ Qo oo—i Q

32



Example
To find the Laplace transform @0  Q

Solution
fl 'Q Q Q Qo
Q Q0o
Q
)
P
[ o P
P
i ®
Ao P
fl Q —
¢ i ®

For more worked examples on how to derive the Laplace transform from first
principles refer tAdvanced Engineering Mathematics by K.A Stround.

Inverse Transforms
Here we have the reverse procesgiven a Laplace transform, we have to find the
function of6to which it belongs.
For example, we know that— is the Laplace transform 0Y Q¢ s we can write
W
i @

The symbofl  indicating thenverse transform and not the reciprocal.
For worked examples on how to find inverse of the Laplace transform refer to Further
Engineering Mathematics by K.A Stround.
Solution of differential equation by Laplace transforms.
To solve a differential equatioby Laplace transform we go through four distinct
stages.

(1) Re-write the equation in terms of Laplace transform

(2) Insert the given initial conditions

(3) Rearrange the equation algebraically to given the transform of the solution.
For worked examples and exerasefer to FurthelEngineering Mathematics by K.A
Stround.

fl YQe 0o
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2.3.9.3. SeHassessment
Q1. Derive the Laplace transform of each of the following expressions

(i) Q0 Y'Qe
(i) QO O0¢i wo
(i) QO 1Q
Q2. Find the inverse Laplace transform ofteatthe following expressions
n —
(ii)
(iii)
Q3. Solve the following differential equations using Laplace transforms
(i) W W W T0 £¢o
(i) W Tw T0

. Describe Laplace transform from first qmijple
. Explain inverse transform
. Differentiateinitial and final value theorem.
. Perform calculations using Laplace transform
. The Laplace transform of a functid®o is denoted byl "O0 and is defined as
the integral ofO0'Q beween the limit® mando H. TRUE OR FALSE
9. Insert the given initial conditions is not one of the stages of solving a differential
equation by Laplace transform. TRUE OR FALSE

o ~NOo o b~

2.3.9.4 Tools, equipment ds
1 Calculator
1 Laplace transform Tables
1 Writing material

2.3.9.5References

1. Further Engineering Mathematics by K.A Stround
2. Mathematics for Engineers by Dass
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2.3.10. Learning Outcome No. 9. Apply Power Series
2.3.10.1 Learning Activities
Learning Outcome No. 9. Apply Power Series
Learning Activities Special Instructions
T Obtaining power series
power series using Tay
1 Obtaining power series using Maclaurins Theorer

2.3.10.2 Information Sheet No. 2/ LO9

The power series of claurins theorem differemtctions can be carried out using two
theorems.

0] Tayl orés Theorem

(i) Maclarins theorem

Taylordés series states that;
Qw Q Qw Mw —Qw —Q w E
CA oA

Examples
ExpresSY'Q® 'Q as a series of powers & and hencewaluates"Y Q¢ 1 correct to
four decimal places.

Soln

Mo Q Qw Mw —Qw —Q w E
CA oA

Qw  YQE w

Ry QED

"Reap i Q¢ w

"Q w -cosx

M w ORI

CYOm QO ORI ®éd — sinx-— DED88

Y&t OEdu p
=Y Q¢ TMIpYXTUL

600®L WET L T TTX

T T TWBIPXTOBITMTMPUCE T W
X MTX@o Y 0wy

Wt Qo
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TE# W TTN

For the use Maclaurns theorem refer to Engineering Mathematics by Strond.

2.3.10.3. SeHAssessment
1. Use Manchurians theorem to expandéow p 8Hence use the expansion to

evaluate Q ato four decimal places

2. Use Taylors series to expaddl © 'Q in terms of Q as far asQ. Hence

evaluaten é¢i Y correct to four decimal places

Describepower series of claurins theorem

Differentiate betwee ay | or 6s Theorem and Macl arins
Perform cal culations on power series usi
Perform calculations on power series using Maclaurins Theorem

Tayl orés Theorem can be used to obtain p
Tayl ordés stries states tha

Qw Q Qv Mo — Q W — Q ® E"YY™DS O &0

© NGOk~

2.3.10.4. Tools, Equipment, Supplies and Materials for the specific learning outcome
9 Advanced Calculator

2.3.10.5. References
1. Strond, 6th Edition Adanced Engineering mathematics
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2.3.11. Learning Outcome No. 10. Apply statistics
2.3.11.1. Learning Activities
Learning Activities No. 10. Apply Statistics
Learning Activities Special Instructions
1 Perform identification collection and organizati
of data
1 Perform interpretations analysis and presentati
of data in appropriate format
1 Evaluate mean median mode and standg
deviation obtained from the given data
1 Performing calculations based on laws ¢
probability
1 Performing calculations involving probability
distributions and mathematical expectat
sampling.

2.3.11.2. Information Sheet No. 2/ LO10

Statistics is discipline which deals with collection, organization, presentation and
analysis of data.
Data consist of set of record observatidret tarry information on a particular setting
with the availability of data.
A statistical exercise normally consist of four stages.

1. Collection of data

2. Organization and presentation of data in convenient form

3. Analysis of data to make their meaning clear

4. Interpretation of 1b results and the conclusion
In statistic we consider quantities that are varied. This quantities are referred as
variables.

Variables are denoted by letters

Examples
1 Heights
1 Ages
1 Weighs
1 Times

Types of data;

1. Quantitative data
2. Qualitatve data
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Presentation of data

The aim of presenting data is to communicate information.

The type of presentation chosen depend on the requirement and the interest of people
receiving that particular information.

Frequently the first stage in presentisgreparing a table.

Tabulation of data

Frequency distribution

Given a set of draw data we usually arrange into frequency distribution where we collect
like quantities and display them by writing down their frequencies.

For those on data presentation refe engineering mathematics by K.A stroud.

Measures of central tendencies
This is single value which used to represent entire set of data. It is typical value to which
most observation fall closest than any other value.
There are mainly measures of cahtendencies.
i. Arithmetic mean
ii. Median
iii. Mode

Refer to Engineering mathematics for Engineers by H.K Dass

Measurers of Dispersion
They include;
1. Range
2. Standard deviation
3. Quartiles

Normal Distribution

This is a continuous distribution. It is derived as tin@ting for of the Binomial
distribution for large values of andr) andr) are not very small.

The normal distribution is given by the equation

“Q(b :!Q T
n
Where' is the mean angl is the standard deviatioh, o® T p an@dQ <c¢& p Y ¢ Y
b o o P o~ o®8s888888p
., I/lc“
On substitutiond —in (1) we getQa M—_‘Q - 888888888&8¢

Hered Qe i 0 & AU VAN O € €
Equation ¢ is known as standard forni mormal distribution.
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Normal curve
Shown graphically: the probabilities of heads in 1 losses are

A density plot of Y

0.08
|

0.06
1

densty
04
|

000
|

Figurel: A density plot of Y

Area under the normal curve
By taking @ —, the standard normal curve is formed.

The total area under this curve is 1. The area under the curve is divided into two equal
parts bya 1. Left had side area and right hand side area tortis T®. The area
between the ordinate 1Tand any other ordinate can be calculated.

Example 1
Onthe final examination in mathematics the mean yagand the standard deviation
wagp v Determine the standard scores of students receiving grades

a) 60 b) 93 C) 72

Solution
aa — — ™
by —— p8
)G — 1

For morerefer to Mathematics for Engineers by H.K Dass .
Read on Poison and standard deviation of Binomial distribution.
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2.3.11.3 SeHAssessment
1. A machine produced components whose masses are normally distributed with
mean' and standard deviatignif 89.8 b of the components have a mass of at
least 88g and 3% have a mass less than 84.5g. Find the mean and the standard
deviation of the distribution (6mks).
2. The diameters of bolts produced by a certain machine are distributed by a
probability density function
wm o Qoo @h mT ® O
20 v 5 &RI 6 Qi Q
Find the;
a. Constanf
b. Probability that the diameter of a bsklected at a random will fall in the
interval
p @ B
c. Mean and the variance of the distribution (14mks)

3. Tumaini Ltd, is supplied with petrol once a week. The weekly demstmehdreds
of liters, has the probability density function
wm o Qp h T ®©
) o 5 &mi 60l 0
Wherewis a constant
Deteamine the
0) Value of ¢
(i) Mean ofw
(i) Minimum capacity of the petrol tank if the probability that it will be
exhausted in a given week is not to exceed 0.02.
4. Metal bars produced in a factory have masses that are normally distributed with
mean’ and standard d&ion, . Given that 9.4% have a mass less than 45kg and
7% have a mass above 75kg.
0) Evaluate the values 6fand, and
(i) Find the probability that a mass of a metal bar selected at random will
be less tan 40kg.
Define statistics
Differentiate between meamode and median
Perform data collection and organization techniques
Perform interpretations analysis and presentation of data in appropriate format
Evaluate mean median mode and standard deviation obtained from the given data
10 Describe laws of probabilitgnd perform appropriate calculations based on the
laws
11.In statistic we consider quantities that are varied. TRUE OR FALSE?
12.Measures of central tendencies is a single value which used to represent entire
set of data. TRUE OR FALSE?

© N O
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2.3.12. Learning Outome No. 11Solve Ordinary differential equations
2.3.12.1 Learning Activities
Learning Outcome No. 11 Apply Fourier series
Learning Activities Special Instructions
1 Obtain Fourier coefficients using Fourier series | § Harmonic analysis
9 Obtain Fourier series for a periodignction of
period 2°
1 Obtain Fourier series for a periodic function g
period T
1 Obtain Fourier series for odd and even functior
using Fourier series techniques
1 Obtain halfrange Sine and Cosine series

2.3.12.2 Information sheet No 2/Lol11

Prdblem involving various forms of oscillations are common in field of modern
technology and Fourier series enable us to represent a periodic function as an infinite
trigonometrical series in sine and cosine series.

Periodic functions

A function™Qw is sad to be periodic if its function values repeat at regular intervals

of the independent variable. The regular interval between repetitions is the period of
the oscillations.

For more examples refer teurther Engineering Mathematics by K.A Stround on
page826.

Fourier series periodic functions of perigt
We define Fourier series in the form

iy \ p o v Yoy AU A DU A
Qw E(A) WWE I WECW WWETW

+0i Q¢ @i Q@ i ad
This is written in the form
"6 gé HOElE M Qe
Where n is a positive integer.
Fourier coefficientse ftd i € @ are given by

P aeaw

o P o R e s
w - QUWeEl € WQW

|©

Qi Q¢ ¢ wQw

€

41



For worked examples on how to dethine the Fourier series to represent a periodic
function of periodg“ refer to FurtherEngineering Mathematics by K.A Stround on
page 842 to 876.

Functions with periods other thgf
If ® "Qw is defined in the range-to—i.e has geriod T, we can convert this to
an interval ofg* by changing the units of the independent variable.

In many practical cases involving physical oscillations, the independent variable is
time 0 and the periodic interval is normally denoted gy

e’ Q0 Qo Y

The Fourier series to represent the function can be expressed a

Qo0 Eoo WOEI1 € LWOI Qe VO
With the new variable, the Fourier coefficients becomes
Qo0 Eoo WOEI1 € LWOI Qe VO

W = Q0 Qo
Y
“ C s % s s s
w o QOwWEil € 00QO0

& & OV 0t 6000
For worked examples on how to determine Fourier series for a periodic function of
period T, refer td-urther EngineeringVlathematics by K.A Stround on page 879 to

886.

Odd and even functions

For information about odd and even functions refer to Further Engineering
Mathematics by K.A Stround on page 858. Also find worked out examples on odd
and even functions.

Half-range sees

Sometimes a function of periayf is defined over the range 0 tq instead of the
normal “ 0 € or 0to 2. In this case we make an assumption on how a function
behaves betweew “tow T and the resulting Fourier series will therefore
apply only to'Qw betweerw mandw “ for which it is defined. For this reason,
such series are called half range series. For more information, worked example and
exercises refer tburther Engineering Mathematics by K.A Stround on page 868.

2.3.12.3. SeHAssessment

1. DescribeOrdinay differential equations
2. ExplainFourier series
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3. Perform calculations on Fourier series for a periodic function of pefiogind
T

4. Perform calculations on Fourier series for odd and even functions using Fourier
series techniques

5. A function "Qm is saidto be periodic if its function values repeat at regular
intervals of the independent variable. TRUE OR FALSE?

6.1f w ™"Qw is defined in the range- to — i.e has a period T. TRUE OR

FALSE?
7. Determine halrange Sine and Cosine series
8. Determinethe Fourier served for the function defined by
p W “ W T
Qw p WM w “
Qw ¢
Find the haHrange Cosine series for the function defined by
"0 T o Tr 0 T
Q0 Y
2.3.12.4. Toal equipment
1 Calculator

2.3.12.5References

1. Further Engineering Mathematics by K.A Stround
2. Mathematics for Engineers by Dass
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2.3.13. Learning Outcome No. 12. Apply Vector theory
2.3.13.1. Learning Activities
Learning Activities No. 12. Apply Vector theory
Learning Activities Special Instuctions
1 Calculate vector algebra dot and cross produg
using vector theory
1 Determine the gradient, divergence and curl.
1 Perform vector calculation using Greens

theorem

T Perform vector cal cu
theorem

9 Determine conservative vectorlfig, line and
surface integrals us

2.3.13.2. Information sheet No. 2/LO12

Physical quantities can be divided into two main groups, scalar quantities and vector
guantities.

A Scalar quantity is one that is defined completely by deimgmber with appropriate

units e.g Lengths, area, volume, mass, time etc.

A Vector quantity is defined completely when we know not only its magnitude but also
the direction in which it operates, e.g. force, velocity, acceleration etc.

Refer toEngineeriig mathematics by K. A Strotal learn more on components of 0
Vector in terms of unit Vectors on page 368.

Dot and cross product of vectors. The Scalar product of two vectors is denoted by
a8 sometimes called the 6dot productd.
The dot product of twwectors is defined ad80 w0 ¢ iwhere —is the angle
between a and b.

Refer to Technician mathematics 3 by J.O. Bird on page 297.

Examples

Solution

O ¢Q 0Q VQANd® TQ Q ¢Q ¢BL

.0 ¢&8 op L

=8+ 3+ 30

=41

A typical application of scalar products is that of determining the work done by a force

when moving a body. The amount of work done is the product of the applied force and
the distance moved in the direction of the applied force.
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Example

Find the vork done by a forcéDnewtons acting at point A on a body, whenis
displaced to point B, the coordinates of A and B being (2)1and (4-1, 0) metres
respectively and when

O 0 ¢Q ™MNewtonds.

Solution
If a vector displacement from A to B is d, then the wawke is F. d Newton Meters or
joules. The position vector OAGQ Q ¢Qand OBistQ Q

06 Q 06 060

TQQz dQ Q ¢Q
20 (@B
Work done "GQQ p fp ¢ C P G

p T CQ
=p0 aor’Q¢ & o

For more worked examples refer to Technician mathematics 3 by J. O. Bird.
Cross Product
The vector or Cross p roasdiCuvhdre the maghitwde ofCect or s
is AUE'Y 'Qéwhere—the angle between & and b.
For more information refer to Technician mathematics 3 by J.O Bird and Engineering
mathematics by K. A Stroud

Examples
o T I R o)
nNf ¢Q 1tQ cQeE® Q vQ ¢Ofind UXL = ¢ 1T O
p v Q
ot O oy O ¢ T
v ¢ p G p
= & xXQ ¢0Q

Typical applications of vector products are to moments and to angular velocity.
Refer to Technician mathematics. 3 by J.O Bird on page 308.

Vector field Theory
Refer to further Engineering mathematics by K.A Stroud to learn and also go through
the woked examples and exercises on:

(1) Gradient
(i) Divergence
(i)  Curl
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Greens theorem

Learn how to perform vector calculations u:¢
Engineer mathematics by KA. Stroud

Stokeds Theorem

Refer to further Engineer Mathematics by KSfroud to learn how to perform vector

cal cul ations using Strokeds theorem.
Gaussob6s Theorem

Refer to the some book to learn how to determine line and surface integrals using
Gaussb6s theor em.

2.3.13.3Self-Assessment
1) Differentiate between algebra dot and crosslipcts in vector calculations
2) A Scalar quantity is one that is defined completely by a single number with
appropriate units e.g Lengths, area, volume, mass, time. TRUE OR FALSE?
3) The vector or Cross p madwhetethe fignitudso vect o
of C is@su8 Y Qéwhere—the angle between  and b. TRUE OR FALSE?
4) DescribeGr eens t heor em, Strokeds theorem an:
applications
5) Explaingradient, divergence and curl.
6) If O=¢'Q30Q 1Ot Q=i+2Q v Qdetermine
C 0.0
CC DOX®
Find the work done by a force F Newtons acting at a point A on a body, when A'is
displaced to point B ,the coordinates of A and B being (4)2,and (3,1,1) meters
respectively, and wn™O  ¢Q cQ ¢QNewt onos.

2.3.13.4Tools, Equipment
M Calculator

2.3.13.5References
1. Further engineering mathematics by KA Stroud.
2. Mathematics for Engineers by Dass.
3. Technician mathematics book 3 by J.O. Bird.
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2.3.14. Learning Outcome No.13 Appl Matrix
2.3.14.1 Learning Activities
Learning Activities No. 13. Apply Matrix
Learning Activities Special Instructions
1 Apply matrix in calculating operation on matrices
addition and subtraction, multiplication

2.3.14.2. Information sheet No./2L0O13

Introduction
A matrix is a set of real or complex numbers (or elements) arranged in rows and
columns to form a rectangular array.
A matrix having M rows and N columns is calleda 0 "8Q0 ® & matrix and is
referred to as having order 0.
A matrix is indicated by writing the array with large square brackets e.g

V' X Sisac o matrixiec & @ matrix whereufxfgfpfo ¢ & Qare the elements

® o Y

of the matrix.
Operation on matrices
1. Addition and subtraction
Matrices can be added or subtracted if they are of the same order.
Example

P ¢ UL o q p
Given matrixo o T T andd C p O
p o C p T v
p ¢ UL g C p p O ¢ C o P
0 0 o T T C p O o T P T @
p o Q p T v P P o T ¢ v
¢ T T
P P P
¢ X X
2. Multiplication of Matrices
Example
P ¢ U o ¢ p
Given matrix 0 o T T andd C p O
p o C p T v
) P ¢ L 0o ¢ P
0o 0 c m T ¢ p O
p o ¢ p T U
p 0 ¢ ¢ uv p P ¢ C P O T P P C @ VL VL
o om ¢ T P O ¢ M P T T 6 p T @ T U
p 6 o ¢ ¢ p p G 0 p ¢ T p P @ O QUL
O T U G ¢ G p PG GCU
W T T @ T PP OG T QT
o ¢ ¢ p oy p p pT
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Note that in matrice6 6 0 0

For moe examples on matrices operations refer to Pure Mathematics 1.

Determinant of @ o matrix

Refer to engineering mathematics by K.A Stround and learn more on how to find the
determinantof@ o ( A3 by 30) matri x.

Inverse of @ 0 matrix

Example
i p ¢ O
Tofindthe inverseofdo 1 p v
e s
Evaluate the determinant ofi.e DS
©n p c O- o
a)Foro 1 p u, VS P M QY om oM @ QY
¢ T C
b) Now from the matrix of the cofactors
} ¢ ¢¢ ¢
Y T PO®PC
X X X
c) Next we have to write down the transposé€daito find the adjoint of®6
o w7, %4 C T X
0 QA o CGC PO X
¢ pC X i
d) Finally we divide the elements of adj A by the valueisfi.e 28 to ged  the
inverse ofo.
”’ilp _Tw qu;,
16 S q
C T X
. C . P
6 ho PIEM Z o ope
ey cv ¢ cy © pc X
e X X1l
Gy g ¢
Solution of linear equation in three unknowns

Solve the set of equations

W W W T
o TWw CW (¢
VW  O0W LW p

First write the set of equations in matrix form
P ¢ p @ T
c 1T ¢ ®W g
0o v W P
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Next step is to find the inverse of A where A is the square matrix on the left hand side.

) p ¢ P
VS o 1T ( PT UMM CWCCWAET OCU
UV O U
Thereforeds ou
PT CUL CW
Matrix of co-factorso X T X
T V] p Tl
pT X ™
The matix of thed QX 6 CuU T U
Cw X pT
. pPT X T
Now DS o bitherefored s — ¢um L
Cw X pm
) . p PT X T T
Cw 0 & oy SV ™o C
Cw X pm p
w G
Finallyowy @ o
@ T

Co chw o T
Eigen values and Eigen vectors
In many applications of matrices to technological problems involving coupled
oscillations and vibrations equations are of the form
08» W

Where 0 is a scale matrix and_ is a number. Thealues of _ are called he
eigenvalues. Characteristic values or latent roots of the naadnixl the corresponding
solution of the given equation
08v _ dare called the eigevectors or characteristics vectar of

For more information refer to lgmeering Mathematics by K.A Stroud.

2.3.14.3.Self Assessment
1. Define a matrix
2. A matrix having M rows and N columnsis calleda 0 "8 wd matrix
and is referred to as having order 0. TRUE OR FALSE?
3. 08v _ aare called the eigevectwor characteristics vectoraf TRUE OR
FALSE?
Differentiate betweekigen values and Eigen vectors
Perform calculations using matrix
Determine @eterminant of @ o matrix
Determine an Inverse ofa o matrix
Solve the following set of linear equatidmg matrix method
W ow Cw O
Cw W oW ]
W CW W

© N A
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9. Find the inverse of the matri®

N an
4 co
€ o -

¢ q
o p . Determine the eigenvalues of the matrix A and
G

C
an eigenvectocorresponding to each eigenvalue.

10.1f 58 _ b

T oOoN
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2.3.15. Learning Outcome No.14. Apply Numerical Methods
2.3.15.1. Learning Activities
Learning Activities No.14 Apply Numerical Methods
Learning Activities Special Instructions
1 Apply numerical methods in sohg engineering
problems

2.3.15.2Information Sheet No. 2/ LO14

The limitation of analytical methods, have led engineers and scientist to evolve
graphical and numerical methods. The graphical methods though simple give results to
a low degree of accuracy. Nurreal methods can, however, be derived which are more
accurate.
Numerical methods are often of a repetitive nature. These consist of repeated execution
of the same process where at each step the results of the proceeding step is used. This
is known as iteation process and is repeated till the result is obtained to a derived degree
of accuracy.
The numerical methods for the solution of algebra and transcendental equations include
1) Method of false solution/ regular false method
2) NewtonRaphson method.

Example

Find by Newton Raphson method the real rootef@f ¢ 0 correct to 3 decimal

places.

Solution

Let'Quw QQ candQp Q ¢ ™ pPp Yo

So a root |ies betweenwnOpand 1. l'ts near

Also™ Qw «Q QandQp Q Q v8 oo
Therefore by NewtotiRaphson rule, the first approximatianis given by

"Qw ™ pyYo

© 9 ma P laope™OXY
ThereforeQom ™I NC¢ Qo 18 T WP
Thus the first approximatiow is given by
L Qw TBLQ X G
©OO mg ™XqgTepmoe

Hence the required root igp v correct to 3 dp

Finite differences and interpolation

Suppose we are given the following valuesdior "Qw for a set of values ah
o 0w w 8 &
ko @ w 88
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Then the process of finding any value of y corresponding to any valdae od
betweerw andw is called interpolation.

The interpolation is the technique of estiroatthe value of a function for any value of

the intermediate value of the independent variable while the process of computing the
value of the function outside the given range is called extrapolation.

Example
The table gives the distance in nautical s\ the visible horizon for the given height
in feet above the earthods space.

Height (x) | 100 150 200 250 300 350 400
Distance |10.63 | 13.03 |15.04 |16.81 18.42 19.90 |21.27

)

Find values ofowhenw 2.8 feetand p ®Q Q0
The difference table is as given below

X y y y y y

100 10.63
2.40

150 13.03 -0.39
2.01 0.15

200 15.04 -0.24 -0.07
1.77 0.08

250 16.81 -0.16 -0.05
1.61 0.03

300 18.42 -0.13 -0.01
1.48 0.02

350 19.90 -0.11
1.37

400 21.27

) If we take®w ¢ m,thendd p @&ty pXxVY ™o Y T8t o

etc
Sincew ¢pddQ vTCH — — TW Q@

Using Newton Rapgon forward interpolation formula, we get
. nn pY nn pn ¢

w w ny o0& p&% n@y E
n ¢ 1
QCpy paT MO P X < o @
T® Qe 1 panni%tonato &
¢

PBIT TPOXTBIPp YTBITIPE S p @ wip 6 0 RO
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ii) Sincew 1 p i\ near the end of the table, we use Newton backward interpolation
formula.

Therefore takingp 1T )T —— — T®

Using the backward differences
W C@XxT Py XN ™ p "N T8t ¢
Newton backward difference gives

: : o nn pn nn p N ¢ =
) 0 y E
i o8& PR
C R X TR pD X e P8 ™Mp E8 ¢@a 0600 RROI

C
Refer toHigher Engineering Mathematics by Dr Ba8d learn forward and backward

interpolation formulae

2.3.15.3SeltAssessment
1. Describe numerical methods
2. The graphical methods though simple give results to a low degree of accuracy.
Numerical methods cahowever, be derived which are more accurate. TRUE OR
FALSE
3. The process of computing the value of the function outside the given range is
called interpolation. TRUE OR FALSE
4. Differentiate betweeMethod of false solution/ regular false method and Newton
Raphson method.
5. State the applications atimerical methods
6. Using NewtorRaphson forward formula find the valuesQp® , if
W 1 1.4 1.8 2.2
"Qw 3.49 4.82 5.96 6.5
7. State Newton interpolation formula and use it to calculate the valkieZoBgp v
given the following table
@ 1.7 1.8 1.9 2.0 2.1 2.2 2.3
"Qw |5474 |6.000 |6.686 |7.389 |8.166 |9.025 |9.914
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CHAPTER 3: WORKSHOP TECHNOLOGY /PERFORM WORKSHOP
PROCESSES

3.1.Introduction of the Unit of Learning / Unit of Competency

Workshop Technology poesses is the use of electrical skills gained from various
electrical workshop practices to install and troubleshoot electrical instrument and
devices in electrical wiring, or distribution and power generation. These skills are
applied in various industrgee.g. in telecommunication, electrical manufacturing. This
unit covers electrical safety, use and storage of workshop tools/instruments
/equipment/materials, installation of electrical instruments and devices, and
troubleshooting and repair/replacemenelefictrical tools and equipment. Upon
completion of this unit of competency, a trainee should be able to perform
installation, troubleshooting and maintenance of electrical instruments and devices
while observing the appropriate safety measures. Thiprapares trainees to pursue
electronics as a gainful career in the field of electrical engineering.

3.2.Performance Standard

Calibrate, operate safely and maintain the workshop tool and equipment as per standard
operating procedur e sdatiomapariormdirsttaid precedras r e c o m
as per standard operating procedures, dispose waste materials as per the EHS
requirements, identify and diagnose faulty tools as per diagnostic procedures and the
standard operating procedures, repair/replace fatdbfs/equipment as per the

workplace procedures, and test& troubleshoot repaired or replaced tool/equipment as

per the standard operating procedures. Observe safety as per IEE Standards

3.3.Learning outcomes
3.3.1. List of Learning Outcomes
a) Apply workshop safety
b) Use of workshop tools, Instruments and equipment.
c) Prepare workshop tools and instruments for an electrical installation practical
d) Prepare the workshop for an Electrical practical
e) Store Electrical tools and materials after practical.
f) Troubleshoot and repaivorkshop tools and equipment
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3.3.2. Learning Outcomes No. 1 Apply workshop safety
3.3.2.1Learning activities

Learning Outcome No. 1 Apply workshop safety

Learning Activities Special Instructions
BOIL DRY 1T Observe man
4=F<MJ:IA. 26 STEM manual instructions for
= i HERMOSTAT the specific electrical
'\.___1 kettle
1 Observe IEE regulations
91 Observe organizational
zu L?—\ procedures manual
e 1 Provide the trainee with
varied opportunities to
learn safety precautisn

taken in handling

il different electrical
appliances, equipment,
and machines.

Activity: Obtain and an electrical kettle to be
connected to a power supply
1 Wear PPEs
1 Obtain the necessary tools for
inspecting/testing the functionality of the
kettle.
1 Check safety of power supply socket/syst
as per the standard operating procedures|
1 Perform safety inspection of the electrical
kettle as per standard operating procedur

3.3.2.1.Information Sheet No. 3/ LO1

Introduction

This learning outcome entails the trainee observing electrical safety and procedures,
safety regulations in obtaining electricaliggment,earthing concepts in electrical
safety,electrical machine, handling electric power systems, and demonstrating
knowledge of workshop rules, electrical hazards and treatment/first aid procedures in
accordance with the need of an activity. Als@owers, various technical facilities in

the electrical workshop including mechanical and electrical equipment.
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Definition of key terms

Classes of firesThese are the types of fires based on the burning material e.g. word,
charged electrical device, etc.

Electrical equipment: These are the essential requirements for electrical workshop
practices to take place. They include; set of screw drivers, pliers, phase testers,
multimeter, etc.

Recommended sources for further informatiglectrical Safety Hanobok 3E by
Cadick. J. et al.
Set up procedure for an electrical equipment;

1.
2.

Wear PPE

Obtain the electrical equipment, set of screw drivers, pliers, phase testers,
multimeter

Check the condition of the equipment components, thermostat, heating element,
switch, and the indicator light

Connect power cable to the equipment and to the power supply socket.

Ensure the electrical equipment is set up properly, and the power cable is in
good condition.

Recommended sources for further informatiglectrical Safegf Handbook 3E by
Cadick. J. et al.2016 IEEE IAS Electrical Safety Workshop (ESW)

Watch an 8.42 min video on electrical safety and electrical safe work from the web
link: https://slideplayer.com/slid&724303/

Content

Safety: types of electrical hazards and safety precautions, use of PPE, working
environment, classifications of fires, first aid for electrical operator, overview of
OSHA regulations and workplace procedures. Electrical, tools & equiptypes of
screw drivers, pliers, and electrical measuring instruments and measure various
electrical parameters like current, voltage, power
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https://slideplayer.com/slide/8724303/

Personal protective equipment in electrical workshop practices:
i Safety cloth
1 Gloves
1 Shoes

Source: Electical Protection Handbook (©1990)Bussman, Cooper Industries, Inc

electrical safety 2

oS

Figure3: damaged insulation

Source: Electrical Protection Handbook (©1990)Bussman, Cooper Industries, Ir
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Concluson
This outcome covered electrical safety, symiiokslectrical circuit diagrams,
electrical tools & equipment.
Traineesd assignment ;
A Observe safe working of electrical circuit protective devices.
A Perform safety procedures for conducting, insulatiagemals, capacitors,
inductors, and resistors.
A Perform fire safety inspection of the working area.
A Perform safety procedures of first aid in case of electrical hazards.
A Perform testing of electrical appliance for safety

Trainer

Check that the traineeasking behaviour exhibit evidence of application of safety

practices and electrical housekeeping procedures and policies. Ensure assignments are
compl eted on time. Observe -gongbasseesd wor ki

Recommended sources for funtieformation;Electrical Safety Handbook 3E by
Cadick. J. et al.

3.3.2.3SelfAssessment

This sign means Highly Flammable.
A. True
B. False
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a.

b
C.
d

25000 ohms +10%

. 27000 ohms +10%

2500000hms +5%

. 27000 ohms +5%

3. To clean the tip of of theoldering iron, use

a.
b.
C.
d.

A PCB eraser
A cloth

A dry sponge
A wet sponge

4. The first stage in PCB fabrication is

a

b.
c.
d.

Preparing the artwork
Exposure

Developing and rinsing
Tinning

5. Identify the component

a. Edge rounder
b. PCB mega station
c. PCB cutter
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6.

7

8.

9.

d. UV exposue unit
Identify the component

A

Diode

LED

LDR

. CAPACITOR

An oscilloscope is a device that is used to generate different waveforms.
a. True

b. False

oo o

The edge rounder is an equipment used to drill holes on the PCB.
a. True
b. False

Developing and rinsing is the last stage @B fabrication.
a. True
b. False

10. Solder wire is an alloy made up of tin and lead.

11.

a. True
b. False

It is not possible to measure voltage values across resistances in a circuit using a
function generator.

a. True

b. False

Practical question

1.
2.
3.

Adhere to proper use of PPE ey standard operating procedure
Follow workshop rules as per standard operating procedure
Follow proper use of safety equipment as per the manufacturers
recommendations

Adhere to first aid procedures
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3.3.2.4Tools, Equipment, Supplies and Materials for the gecific learning outcome
1 Set of screw drivers

Pliers

Phase testers

Multimeter

Electrical measuring instruments

Lab coat

Gloves

=4 =4 4 4 4 2

3.3.2.5. References

1. Cadick, J. (2012). Electrical safety handbook. McGllvProfessional.
2. Brian Scaddan, Electric Wing: Domestic

3. Peter J. Seebacher, Home Infrastructure (Project 3) (PDF)
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3.3.3. Learning Outcomes No. 2 Use of Workshop Tools, Instruments and
Equipment
3.3.3.1Learning activities

Learning Outcome No. 2.Use of workshop tools, Instruments and egpment.

Learning Activities

Special Instructions

AC
@50Hz

Activity 1: Use circuit testers or electrical tester

M

Activity 2: Use cordless drills

T
T

Activity 3: Use voltmeters or multimeters

T
T

Electric Tester

.....................

(
i Resistor Bulb E
i :
v [
i mfmm————-
lncccccccccccccccccaas ' :
‘ '
: Rbody :
H ! Human
i i Body
' '
L Gl Model
' '
‘ '
N '
H '
H [
J N e T s s

Obtain a specific circuit tester e.g. a phase
continuity tester, etc.

Check safety/ inspect the specific tester as
the standard operating proceeds.

Use the tester as p
instructions

Obtain a specific circuit drill.
Check safety/ inspect the specific dril as pe
the standard operating procedures.
Use the drill as
instructions

pe

Obtain a specific voltmemers/ multimeters.
Check safety/ inspect the specific dril as pe
the standard operating procedures.
Calibrate the specific instrument as per the
standard operating procedures.

Uset he i nstrument as
instructions

i Observe

manufactur
manual instructions fo
the specific electrical
kettle

Observe IEE
regulations

Observe organizationg
procedures manual
Provide the trainee
with varied
opportunities to learn
use of various
electrical testers.
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3.3.3.2. Information Sheet No. 3/ LO2

Introduction

This learning outcome involves the safety, classification, use, care, and maintenance
of various workshop tools, instruments, and equipment. It also, involves
demonstation of knowledge of workshop rules, electrical hazards and first aid
procedures in accordance with the need of an activity. It also covers, wiring
regulations, types of cables and electric accessories including switches, plugs, circuit
breakers, fusestc., symbols for electrical wiring schematics e.g. switches, lamps,
sockets etc., drawing and practice in simple house wring and testing methods, wiring
schemes of twavay and threavay circuits and ringing circuits, voltage and current
measurements. Elegic soldering and soldering tools; soldering methods and skills,
drilling and soldering components.

Definition of key terms

Ampere: The Sl unit of electrical current.

Electrical equipment: These are the essential requirements for electrical workshop
practices to take place. They include; set of screw drivers, pliers, phase testers,
multimeter, etc.

Apparent Power: Apparent power is the product of the rms voltage and the rms
current. Measured in veimperes.

Recommended sources for further informagtio
1 Electrical Safety Handbook 3E by Cadick. J. et al.
1 Watch a 1.04min on use of an electrical testarcuit tester from the link:
https://youtu.be/Moad9c1wTwk?t=41
1 Watch a 5.24min on use of an eledtficircuit testers from the link:
https://youtu.be/togB4pyjdUA?t=98

Electrical principles

An electric circuit is formed when a conductive path is established to allow free
electrons to move continuously. This free movement of electrons through ait electr
conduct is called current. Voltage motivates electrons to flow in a circuit. Voltage is
the measure of how much of potential energy exists to move electrons from one
specific point in a circuit to another specific point the circuit. While the electrons
move in a circuit, they experience some friction or opposition motion. This is called
resistance. It is the force resisting the flow of electrons across two points in a circuit.
Resistance and voltage determines the amount of current in a circuit,
Recommaded sources for further information;

Electrical Safety Handbook 3E by Cadick. J. et2016 IEEE IAS Electrical Safety
Workshop (ESW)

Watch a 22.10 min video on electrical principles from the web link:
https://youtu.be/49Zlel5XaDU?t=474
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https://youtu.be/Moad9c1wTwk?t=41
https://youtu.be/49Zlel5XaDU?t=474

Watch a 13.44 min video on electrical principles from the web link:
https://youtu.be/ytATo6tSOYE?t=192

Content

Safety: safety and care precautions in using varioasrelal tools. Electrical tools,
equipment and instruments: use of screw drivers, pliers, electrical testers, and
electrical measuring instruments and measure various electrical parameters like
current, voltage, power.

Figure 4: Electric drill
Source: Electrical Safety Handbook 3E by Cadick. J. et al.

e -
Earth | L
wire | .

Neutral ;:

wire | 3 S\

| N

."\_

i

e — i -
//' Cable grip
_— Quter insulation
"

Figure5: cable head
Source: Electrical Safety Handbook 3E by Cadick. J. et al.
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https://youtu.be/ytATo6tS9yE?t=192

Figure 6: receptacle
Source: Electrical Saty Handbook 3E by Cadick. J. et al.

61.20

AN A2 an

CARBON-COMPOSITION
RESISTOR

TESTING A RESISTOR

Figure 7: testing a resistor
Source: Electrical Safety Handbook 3E by Cadick. J. et al.
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Figure 8: Continuity teser Multimeter, Oscilloscope
Source: Electrical Safety Handbook 3E by Cadick. J. et al.

Conclusion

This outcome covered electrical safety, classification, use, care, and maintenance of
various workshop tools, instruments, and equipment.

Trainee@ assi gnm

i. Setand use oscilloscope

Trainer

Check that the trainee working behaviour exhibit evidence of application of safety

practices and electrical housekeeping procedures and policies. Ensure assignments are
compl eted on ti me. @hagieuron @& cgong@basise e s 0 wor ki

Recommended sources for further informatiglectrical Safety Handbook 3E by
Cadick. J. et al.

3.3.3.3. SeHAssessment
1. The process shown below is called
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a. Soldering
b. Desoldering
c. Tinning
d. Drilling
2. Name the following
=~ 2N S
1 2 3 4

3. Ampere is the Sl unit of electrical voltage. TRUE OR FALSE?
4. Real power is the product of the rms voltage and the rms current. Measured in
volt-amperes. TRUE OR FALSE?

Practical question;

1.
2.
3.

4.
5.

Identify Workshop tools, Instruments and equipment

Use Tools, Insuments and equipment as per the manufactures manuals
Perform Calibration of workshop instruments as per the standard operating
procedure

Follow Proper handling of workshop tools, Instruments and equipment
Adhere to Care and Maintenance of workshop tdofgruments and equipment

3.3.3.4. Tools, Equipment, Supplies and Materials for the specific learning outcome

)l

= =& -8 4 -8 -8 -9

Hacksaws

Pliers

Phase testers
Multimeter

Set of screw drivers
Side cutters, etc.
Lab coat

Hammers

3.3.3.5. References

1
2
3

. Cadick, J. (2012). Ektrical safety handbook. McGraidill Professional.
. Brian Scaddan, Electric Wiring: Domestic
. Peter J. Seebacher, Home Infrastructure (Project 3) (PDF)
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3.3.4. Learning Outcomes No. 3. Prepare workshop tools, Instruments and

equipment
3.3.4.1. Learning aadtvities

Installation.

Learning Outcome No. 3.Prepare Workshop Tools For An Electrical

Learning Activities

Special Instructions

Electric Tester

.....................

]
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1 1
. :
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L L c. .t Model
e body:
' '
' '
' '
' '
H ]
_‘14 N

Activity 1: Use circuit testers or electrical tester
1 Obtain a specific circuit tester e.g. a phase,
continuity tester, etc.
1 Check safety/ inspect the specific tester as per t
standard operating procedures.
1T Use the tester
Activity 2: Use cordless drills
1 Obtain a specific circuit drill.
1 Check safety/ inspect the specific dril as per th
standard operating procedures.
T Use the drill as
Activity 3: Use voltmeters or multimeters
1 Obtain a specific voltmemers/ multimeters.
1 Check safety/ inspect the specific dril as per the
standard operating procedures.
1 Calibrate the specific instrument as per the stan
operating procedures.
1T Use the instrument
instructions

as per

as

per

Observe
manufactu
manual instructions
for the specific
electrical kettle

Observe IEE
regulations
Observe
organizatonal
procedures manual

Provide the trainee
with varied
opportunities to learr
use of various
electrical testers.

68



3.3.3.1. Information Sheet No. 3/ L03

Introduction

This learning outcome involves the selection, classification, use, care, and nraiatena

of various workshop tools, instruments, and equipment. It also, involves application of
procedures in accordance with the need of an activity for an electrical installation. It
also covers, wiring regulations, types of cables and electric accessmiigding
switches, plugs, circuit breakers, fuses etc., symbols for electrical wiring schematics
e.g. switches, lamps, sockets etc., drawing and practice in simple house wring and
testing methods, wiring schemes of tway and threavay circuits and ringjig circuits,
voltage and current measurements. Electric soldering and soldering tools; soldering
methods and skills, drilling and soldering components.

Definition of key terms

Cablei A cable is made up of one or more conductors and their insulated
surrainding

Hammersi Voltage is the difference in electrical potential between two different
points, it can be thought of as electrical pressure, and it is denoted by the letter V or
uU.

Circuit breaker T A type of protective device for circuits, it will proteg circuit

from overload and fault currents.

Main switch T Although not a protective device, in a typical household, the mains
switch is located in the consumer unit. Its purpose is to disconnect the supply of
electricity to the installation.

How to proeed with an Electrical Installation;

Prepare a detailed electrical wiring diagram to start with.

Then calculates the Electrical Loads, Currents, Cable sizes and the Protective devices
for the Electrical Installation.

Based on this information, worked dbe quantities of material and components

needed for the job.

There are specifications for carrying out Electrical Installation Work so that the
completed installation will abide to rules and regulations of the Electrical Industry. The
Electrical Condudars [cables or wires] needed to be selected according to the current
rating [Capacity] and Voltage Drop when the rated current flows in the conductors. This
selection of the conductor is called Conductor Sizing. The conductors can be of Copper
or Aluminium. Copper is the material used mostly for indoor installations and
Aluminium for mostly Power Transmission. The outer Insulation of the conductors are
selected according to the Temperature, the conductors are used for when carrying
current. The over curremrotection for conductors are very important and there are
Fuses and Circuit Breakers incorporated to safeguard current carrying conductors.
Ground Fault Circuit Interrupters or Earth Leakage Circuit Breakers or Residual
Current Circuit Breakers will sag@ard people from getting Electric Shock from Live

or Hot Circuit conductors or equipment.
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Power point

Power points (receptacles, plugs, wall sockets) need to be installed throughout the
house in locations where power will be required. In many areasstadiation must be

done in compliance with standards and by a licensed or qualified electrician. Power
points are typically located where there will be an appliance installed such as telephone,
computers, television, home theater, security system, CCTemnys

Light fittings and switches

The number of light fitting does depend on the type of light fitting and the lighting
requirements in each room. A lighting designer can provide specific recommendations
for lighting in a home. Layout of lighting in the im@ must consider control of lighting
since this affects the wiring. For example, multiway switching is useful for corridors
and stairwells so that a light can be turned on and off from two locations. Outdoor yard
lighting, and lighting for outbuildings shcas garages may use switches inside the
home.

Electrical this is cabling installed from the electrical switchboard to the light fitting or
any other device that is to be controlled by the automation system. For example, if you
have four down lights in ebom and you wish to control each light individually, then
each light will be wired back using electrical cabling back to the electrical switchboard.
This means you will have four electrical cables installed from the electrical switchboard
to the locatiorwhere the light fittings will be installed. Each cable will be a three core
active, neutral and earth cable. If in that room you also have a free standing lamp
plugged into a power point and you also want to control this from your automation
system, you Wl need to have that power point individually wired back to the electrical
switchboard. So if you want to individually control every light fitting and every power
point or power outlets then each one of these devices must be individually wired back
to theelectrical switchboard. As you can see this start to become quite a lot of electrical
cabling so planning is essential.

T

Figure 9: industrial main switch
Source: Electrical Safety Handbook 3E by Cadick. J. et al.
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Figure 10: Singlephase ~230 V/40 A/9 kW fuse box for apartment rewiring
Source: Electrical Safety Handbook 3E by Cadick. J. et al.

Source; Brian Scaddan, Electric Wiring: Domestic; Peter J. Seebacher, Home
Infrastructure (Project 3) (PDF)

Reconmended sources for further information;

Brian Scaddan, Electric Wiring: Domestic

Peter J. Seebacher, Home Infrastructure (Project 3) (PDF)

Electrical Safety Procedures

1.
2.

Avoid loose wires, cables, and connections.

Assume any exposed wire/metal is live wetRctricity unless otherwise

verified.

Familiarize oneself with all ON/OFF buttons on equipment, circuit breakers, and
disconnect switches of a bench.

Only make changes to the experimental setup when the circuit power is turned
off and all power sourcegad zero voltage and zero current, as applicable.

Use wires of suitable length for their appropriate applications. Long wires or
connections can cause clutter on a bench, and very short wires or connections
can be too tight and may be easily disconnected.

Separate higher power equipment and connections from lower power
equipment, such as microcontrollers, to avoid both interference and electrical
interconnections between sensitive electronic devices and higher power devices.
Make sure that all DC power sugs, AC sources, and other power sources

start from a zero voltage and zero current output or as directed in an experiment.
Starting from a noizero voltage is possible in certain applications where a
voltage source should have a specific initial conditio
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8. Turn off all equipment before leaving the lab once an experiment concludes.
9. Do not allow a single user to perform an experiment alone. Make sure at least
two users perform an experiment when operating more than 50 V DC and three
phase AC.
Energy managenent
Energy management is a new and upcoming topic in particular at the home. Older
systems tended to be cable however all new systems use one of a variety of wireless
solutions. This enables them to be effectively retrofitted into existing homes with the
minimum of disruption.
If a cabled system is selected cabling needs to be deployed to the major appliances in
the home. The cabling is installed as part of the data cabling as per detailed in this
article in the section titled "Data Network Cabling". Irdaibn to a cable being
installed to every major appliance you also need to install a data cable near the
electricity meter.
The major appliances being considered at this stage are:

1 Electric hot water system
Air Conditioning
Pool pump
Fridge / freezer
Eledric vehicle charger
Battery energy storage systems (BESS)

=4 =4 4 -4 4

Conclusion

Should a wireless system be selected the need for such disruption is removed. Smart
plugs or switches can be used to connected the major appliances to the electricity
supply and thedme energy management system will wirelessly control them

Content
Safety: Safe working habits and precautions in setting up electrical work stations.
Electric Supply: Power sources, Electric wirings, signs, symbols and data.

3.3.3.2Self-Assessment
1. Themeter shown in the picture
A. Multimeter

B. Voltameter
C. Power meter
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D. None of the above

2. 2. The shown above figure is called
A. Consumer unit
B. MCB
C.RCD
D.LCD

Practical question
1. Prepare List of required tools and instruments
2. Perform issuig of required tools and instruments
3. Perform confirmation of the issued tools and instruments
4. Check functioning of the issued tools and instruments in line with the standard
operating procedure
5. Perform Sharpening of the cutting tools
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3.3.3.3 Tools, Equipnent, Supplies and Materials for the specific learning
outcome;

T

=4 4 4 4 45 4 45 5 2

Hacksaws

Pliers

Phase testers
Multimeter

Set of screw drivers
Side cutters, etc.
Lab coat

Hammers
Oscilloscope
Soldering tools, etc.

3.3.3.4 References

1.

akrowpd

Cadick, J. (2012). Electrical safetgidbook. McGrawHill Professional.
Electrical Safety Handbook 3E by Cadick. J. et al.

2016 IEEE IAS Electrical Safety Workshop (ESW)

Brian Scaddan, Electric Wiring: Domestic

Peter J. Seebacher, Home Infrastructure (Project 3) (PDF)
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3.3.5. Learning Outmmes No. 4. Prepare workshop for an electrical practical
3.3.5.1. Learning Activities

Learning Outcome No. 4.Prepare workshop for an Electrical practical.
Learning Activities Special Instructions
Observe manuf
Activity: Disassembling & reassembling an manual instructions for the
electrial equipment specific electrical kettle
1 Study the original connection of movabl
switch board Observe |IERegulations
f Remove the connection Observe organizational
1 Take out the equipment procedures manual
1 Reinstall and reconnect the wire
1 Do the safety test Provide the trainee with variec
opportunities to learn
preparation procedures
required for electrical
practices.

3.3.5.2 Information Sheet No. 3/L04

Introduction

This learning outcome involves thetsng up of workstations, making provisions for
power supply and availing tools, equipment and materials for a specific practice. It
also, involves demonstration of knowledge of workshop rules and safe working
procedures in accordance with the need optiaetical and the standard operating
procedures.

Definition of key terms

Configuration -Arrangement of nodes, elements, etc. to create an electronic circuit
with a particular function.

Terminal-It is a point at which a conductor from an electricahponent, device or
network comes to an end and provides a point of connection to external circuits.

Recommended sources for further informatiglectrical Safety Handbook 3E by
Cadick. J. et al.

Watch a 1.39min on electrical wiring from the link:
https://youtu.be/9uMIQycxygQ?t=59
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https://youtu.be/9uMIQycxygQ?t=59

Electrical Safety Procedures

1.
2.

Avoid loose wires, cables, and connections.

Assume any exposed wire/metal is live with electricity unless otherwise
verified.

Familiarize onedéwith all ON/OFF buttons on equipment, circuit breakers, and
disconnect switches of a bench.

Only make changes to the experimental setup when the circuit power is turned
off and all power sources read zero voltage and zero current, as applicable.
Use wiles of suitable length for their appropriate applications. Long wires or
connections can cause clutter on a bench, and very short wires or connections
can be too tight and may be easily disconnected.

Separate higher power equipment and connections fronr [moveer

equipment, such as microcontrollers, to avoid both interference and electrical
interconnections between sensitive electronic devices and higher power devices.
Make sure that all DC power supplies, AC sources, and other power sources
start from a ze voltage and zero current output or as directed in an experiment.
Starting from a noizero voltage is possible in certain applications where a
voltage source should have a specific initial condition.

Turn off all equipment before leaving the lab onceaperiment concludes.

Do not allow a single user to perform an experiment alone. Make sure at least
two users perform an experiment when operating more than 50 V DC and three
phase AC.

Content

Safety: Safe working habits and precautions in setting upriekdatvork stations.
Electric Supply: Power sources, Electric wirings, signs, symbols and data.
lllustrations

Figure 11: Electric supply
Source: Brian Scaddan, Electric Wiring: Domestic
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Cadick, J. (2012).

Figure 12: electric tools and equipment
Source: Brian Scaddan, Electric Wiring: Domestic

Conclusion
This outcome covered electrical safety, inspection, set up and powering of
workstations.

Trainees®d6 assignment ;

Set up workstatiofor operating cathode ray oscilloscope and function generator for
measurement of ac signal parameters.

Trainer

Check that the trainee working behaviour exhibit evidence of application of safety

practices and electrical housekeeping procedures and polciesre assignments are

compl eted on time. Observe -gon@basseesd® wor ki
Recommended sources for further information; Electrical Safety Handbook 3E by

Cadick. J. et al.
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