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FOREWORD 

The provision of quality education and training is fundamental to the Governmentôs 

overall strategy for social economic development. Quality education and training will 

contribute to achievement of Kenyaôs development blue print and sustainable 

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 education sector 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 Reforming 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 the key to unlocking the countryôs potential in 

industrialization.  This policy document requires that training in TVET be Competency 

Based, Curriculum development be industry led, certification be based on 

demonstration and mastery of competence and mode of delivery allows for multiple 

entry and exit in TVET programs.  

 

These reforms demand that industry takes a leading role in TVET curriculum 

development to ensure the curriculum addresses and responds to its competence needs. 

The learning guide in common competencies for this sector enhances a harmonized 

delivery the competency-based curriculum for Electrical, Electronics and Mechanical 

sectors level 6.  

 

It is my conviction that this learning guide will play a critical role towards supporting 

the development of competent human resource for the Electrical, Electronics and 

Mechanical sectorsô growth and sustainable development. 

 

 

PRINCIPAL SECRETARY, VOCATIONAL AND TECHNICAL TRAINING  

MINISTRY OF EDUCATION  
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PREFACE 

Kenya Vision 2030 is anticipated to   transform the country into a newly industrializing, 

ñmiddle-income country providing a high-quality life to all its citizens by the year 

2030ò. The Sustainable Development Goals (SDGs) further affirm that the 

manufacturing sector is an important driver to economic development. The SDG nine 

that focuses on Building resilient infrastructures, promoting 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 rapidly industrializing economy 

through life-long 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 paradigm shift to 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 need to reform 

curriculum 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 

competitiveness of Kenyan labor force. 

 

The TVET Curriculum Development, Assessment and Certification Council (TVET 

CDACC), in conjunction industry/sector developed the Occupational Standards which 

was the basis of developing competency-based curriculum and assessment of an 

individual for common competencies for an Electrical, Electronics and Mechanical 

sectorsô level 6.  The learning guide is geared towards promoting efficiency in delivery 

of curriculum. The learning guide is designed and organized with clear and interactive 

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

provides information sheet, self-assessment, tools, equipmentôs, supplies, and materials 

and references. 

 

I am grateful to the Council Members, Council Secretariat, Electrical, Electronics and 

Mechanical sectorsô experts 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 in line with 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, the Sessional Paper No. 2 of 2015 that embraces 

Competency Based Education and Training (CBET) system. It is therefore, the sole 

intent of this document to provide guidelines for a Competency-Based Common 

Competencies for Electrical and Electronics Engineering, and Mechanical Engineering 

Sectors for level 6 

 

This learning guide consists of  interactive learning activities, content, self assessment 

and relevant and related references that enhances implementing of the Engineering 

courses for level 6 qualification. It enables the trainee to acquire the  competencies that 

enable him/her to undertake the various processes in Electrical, Electronics and 

Mechanical Engineering Sectors. The 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 occupational standards 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 identified. 

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 were further broken down to end up with units of learning. To effectively 

implement common units, learning guides are required to provide training content and 

guide the learner and trainers on the learning process aimed at imparting g the relevant 

knowledge, requisite skills and the right attitude the industry. Learning guides are part 

of the raining materials  

 

1.3. Layout of the Trainee Guide 

The learning guide is organized as 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 learning/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 and trainees demonstration of knowledge in relation to 

the range in the occupational standard and content in the curriculum.  
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Information Sheet  

The information sheet is section under each learning outcome that provides the subject 

matter in relation to definition of key terms, method, processes/procedures/guidelines, 

content, illustrations (photographs, pictures, video, charts, plans, digital content, and 

simulation) and case studies. 

 

Self-Assessment 

Self-assessment based on the performance criteria, required knowledge, 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 they have acquired. It is expected 

that the trainer keeps a record of their plans, their progress and the problems they 

encountered which will go in traineeôs portfolio. A portfolio assessment consists of a 

selection of evidence that meets the pre-defined requirements 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 that Portfolio assessment is highly 

emphasized in the learning guide 

 

Finally the guide presents tools, equipmentôs, supplies and materials for each learning 

outcome as guided by the performance criteria in occupational standards and content in 

curriculum. References, relevant links and addendums are provided for further reading. 

The units of competency comprising this qualification include the following common 

and units of learning: 

 

This course is designed to equip learners with the competencies required to 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 

Table 1: Common Units of Learning 

Unit Code Unit Title Duration 

in Hours 

Credit 

Factors 

ENG/CU/PO/CC/01/6 Engineering Mathematics 110 11 

ENG/CU/PO/CC/02/6 Electrical principles 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/05/6 Mechanical Science Principles 75 7.5 

ENG/CU/PO/CC/06/6 Thermodynamic Principles 40 4.0 

ENG/CU/PO/CC/07/6 Fluid Mechanic Principles 75 7.5 
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ENG/CU/PO/CC/08/6 Material Science & 

Metallurgical Processes 

70 7.5 

Total 800 80.0 
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CHAPTER 2: ENGINEERING MATHEMATICS /APPLY ENGINEERING 

MATHEMATICS  

 

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

This unit describes the competencies 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 Laplace transforms ,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 functions, complex 

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. Learning 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 transforms 

i) Apply power series 

j) Apply statistics 

k) Apply Fourier series 

l) Apply vector theory 

m) Apply matrix 

n) Numerical methods  
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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  

¶ Perform calculations  involving indices as per the 

concept 

¶ Perform calculations involving logarithms as per the 

concept 

¶ Solving simultaneous as per the rules 

¶ Solving quadratic equations as per the concept  

 

 

2.3.2.2. Information Sheet No.2/ LO1. 

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 any structure or 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 abstractions such 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, 25 means that you have to multiply 2 by itself five times = 2×2×2×2×2 = 32 

 

Laws of indices 

(i) ὼ ρ 

(ii)  ὼ  

(iii)  ὼȢὼ ὼ  

(iv) ὼ ὼ ὼ  

(v) ὼ ὼ Ȣ 

(vi) ὼ Ѝὼ  

 

Application of rules of indices in solving problems. 

¶ ya × yb = ya+b 

Examples 

24 × 28 = 212 

54 × 5-2 = 52 

¶ ya ÷ yb= ya-b 
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Examples 

 

2 σ  ρȾςσ  ρȾψ 

 

 

3-1=1/3 

 

 

 

¶ ώάȾὲ  ὲЍώά 

 

Examples 

 

161/2 = ã16 = 4 

 

82/3 = (3ã8)2 = 4 

 

¶ ώ ώ  

 

Example 

 

25 + 84 

 

= 25 + (23)4 

 

= 25 + 212 

 

    y0 = 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: 

logay x=    or     
yx a=  

Laws of logarithms 

(i) ὰέὫὼώ ὰέὫὼ ὰέὫώ 

(ii)  ὰέὫ ὰέὫὼ ὰέὫώ 

(iii)  ὰέὫὼ ὲὰέὫὼ  for every real number 
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Simultaneous equations with three unknown  

Simultaneous equations are equations which have to be solved together to find the 

unique values of the unknown quantities which are time for each of the equations.  Two 

methods of solving simultaneous equations analytically are: 

(i) By substitution 

(ii)  By elimination 

 

Examples 

Solve the following simultaneous equation by substitution methods  

 σὼ ςώ  ρȣȣȣȢȢÉ 

 ὼ σώ ςᾀ ρσȣȣȢὭὭ 

 τὼ ςώ σᾀ ρχȣȣȣ ὭὭὭ 

 

From equation (ii)    ὼ ρσ σώ ςᾀ 

Substituting these expression ρσσώ ςᾀ   Ὢέὶ ὼ  ὫὭὺὩί 

σρσ σώ ςᾀ ςώ ᾀ ρ 

σω ωώ φᾀ ςώ ὼ ρ 

ρρώ υᾀ  σψȣȣȣȣȣȢȢὭὺ 

τρσ σώ ςᾀ σᾀ ςώ ρχ 

υς ρςώ ψᾀ σᾀ ςώ ρχ 

ρπώ υᾀ συȣȢȢὺ 

 

Solve equation (iv) and (v) in the usual way, 

From equations (iv)  υᾀ ρρώ σψȠᾀ  

Substituting this in equation (v) gives  

ρπώ υ
ρρώ σψ

υ
συ 

ρπώ ρρώ σψ συ 

ώ συ σψ σ 

ώ σ 

ᾀ
ρρώ σψ

υ
 
σσσψ

υ

υ

υ
ρ 

But  ὼ ρσ σώ ςᾀ 

ὼ ρσσ σ ςρ 

=ρσ ω ς 

=2 

 

Therefore,  ὼ ςȟώ σ  ὥὲὨ ᾀ ρ  is the required solution 

For more worked examples on substitution and elimination method refer to Engineering 

Mathematics by A.K Stroud.  
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Quadratic Equations 

Quadratic equation is one in which the highest power of the unknown quantity is 2.  For 

example ςὼ σὼ υ π   is a quadratic equation?  The general form of a quadratic 

equation is ὥὼ ὦὼὧ πȟύὬὩὶὩ ὥȟὦ ὥὲὨ ὧ  are constants and ὥ

π έὪ ίέὰὺὭὲὫ ήόὥὨὶὥὸὭὧ ὩήόὥὸὭέὲίȢ 

a. By factorization (where possible) 

b. By completing the square 

c. By using quadratic formula 

d. Graphically 

 

Example 

Solve the quadratic equation ὼ τὼ τ π   by factorization method 

Solution 

ὼ τὼ τ π 

     ὼ ςὼ ςὼ τ π 

ὼὼ ς ςὼ ς π 

ὼ ς ὼ ς π 

 

i.e ὼ ς π   έὶ ὼ ς π 

ὼ ς  έὶ ὼ ς 

i.e. the solution is  ὼ ς(twice) 

 

For more worked examples on how to solve quadratic equations using, factorization, 

completing the square, quadratic formula refer to basic engineering mathematics by J.O 

Bird, Engineering mathematical by K.A STROUD etc 

 

2.3.2.3. Self-Assessment  

This section must be related with the Performance Criteria, Required Knowledge and 

Skills and the Range as stated in the Occupational Standards. 

 

Q1. (a) Solve the following by factorization 

 Ὥ   ὼ ψὼ χ π 

 

               ὭὭ  ὼ ςὼ ρ π 

       (b)  Solve by completing the square the following quadratic equations 

 (i)  ςὼ σὼ φ 

            (ii) σὼ ὼ φ π 

 

Q.2   Simplify as far as possible 

  (i) ὰέὫὼ τὼ σ ὰέὫὼ ρ 

 (ii) ςὰέὫὼ ρ ὰέὫὼ ρ 

 

Q.3   Solve the following simultaneous equations by the method of substitution 
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ὼ σώ ᾀ ς 

ςὼ ςώ ςᾀ ς 

τὼ σώ υᾀ υ 

 

Q.4 Simplify the following 

       Ὂ ςώ  ὼώ ὼ τ ὼώ Ⱦ 

 

Describe quadratic equations.  

Differentiate between the two methods of solving simultaneous equations  

(i) By substitution 

(ii)  By elimination 

 

Indices is the study of mathematical symbols and the rules for manipulating these 

symbols. True or 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 

¶ Calculator 

¶ Writing materials  

 

2.3.2.5. References   

¶ Basic Engineering Mathematics by J.O Bird 

¶ Engineering Mathematics  by K.A STROUD 

¶ 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.  Apply Trigonometry And Hyperbolic Functions 

Learning Activities  Special Instructions  

¶ Perform calculations  using trigonometric rules 

¶ Perform calculations using hyperbolic functions 

 

 

 

2.3.3.2. Information Sheet No 2/LO2.  

Trigonometry is the branch of mathematics 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 from a right - 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, this is achieved by 

using the theorem of Pythagoras and or using trigonometric ratios. 

 

Example 

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

 

ὸ έὲ σψ
ὖὗ

ὗὙ

ὖὗ

χȢυ
 

Hence 

ὖὗ χȢυ ὢ ÔÁÎσψ 

     χȢυ ὼ πȢχψρσ 

     υȢψφ ὧά 

ÃÏÓσψ
ὗὙ

ὖὙ

χȢυ

ὖὙ
 

 

ὖὙ
Ȣ

 =
Ȣ

Ȣ
 =9.518cm 

  

For more worked examples refer to basic engineering mathematics by J.) Bird. Also 

use it to learn about angles of elevation and depression. 

 

Compound angle formulae 

Sin (ὃ ὄ ὛὭὲ ὃÃÏÓὄ ὅέί ὃÓÉÎὄ 

 

ὅέίὃ ὄ ὅέί ὃὧέί ὄᶸὛὭὲ ὃ ὛὭὲ ὄ 
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ÔÁÎὃ ὄ
ÔÁÎὃ ÔÁÎὄ

ρᴜ ÔÁÎὃ ὸὥὲὄ
 

 

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 form Ὑ ὛὭὲύὸ ς 

Let a Coswt + bSinwt = Ὑ ὛὭὲύὸᶿ  

 

Expanding the right hand side using the compound angle formulae gives 

 

Acoswt + bSinwt    =    ὙὛὭὲύὸ ὅέίθ ὧέίύὸ ίὭὲθ 

            =ὙÃÏÓθ ȿὛὭὲύὸὙ ὛὭὲ θ ὅέίύὸ 

 

Equating the coefficients of Coswt on both sides gives. 

ὥ Ὑ ὛὭὲθὭȢὩ ὛὭὲ θ 
ὥ

Ὑ
 

 

Equating the coefficients of Sinwt on both sides gives 

 

ὦ Ὑ ὧέίθ  ὭȢὩ ὅέί θ
ὦ

Ὑ
 

 

If the values of   ὥ  ὥὲὨ ὦ    are known, the values of   Ὑ ὥὲὨ ‌  can be calculated. 

 

From Pythagoras theorem. 

 

Diagram 

 

Ὑ ὥ ὦ 

 

And from trigonometric ratios, 

 

ᶿ ὸὥὲ
ὥ

ὦ
 

 

Example  

Express σ ὛὭὲ — τ ὅέί—  in the general form  Ὑ ὛὭὲ— ‌ 

 

Let σ ὛὭὲ — τ ὅέί — Ὑ ὛὭὲ — ‌ 

Expanding the right hand side using the compound angle formulae gives 

σ ὛὭὲ — τ ὅέί — Ὑ ὛὭὲ— ὅέί‌ὅέί — ὛὭὲ‌  

 

= Ὑ ὧέί‌ ὛὭὲ — Ὑ ὛὭὲ ‌ ὅέί — 
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Equating the coefficient of: 

ὅέί—Ƞ  Ὑ ὛὭὲ ‌ ὭȢὩ ὛὭὲ ‌  
τ

Ὑ
 

 

Sin —Ḋ   σ   Ὑ ὅέί ‌  ὭȢὩ  ὅέί ‌  

 

This the values of  Ὑ ὥὲὨ ‌ can be evaluated. 

 

Diagram   

Ὑ τ σ υ 

 

‌ ὸὥὲ
τ

σ
υσȢρσέὶ  ςσσȢρσ 

Since both ὛὭὲ ‌ ὥὲὨ ὅέί ‌  are positive, r lies in the first quadrant where all are 

positive, Hence 233.130 is neglected. 

 

Hence 

 σ ὛὭὲ—τ ὅέί — υ ὛὭὲ — υσȢρσ 

 

Example 

Solve the equation  σ ὛὭὲ — τ ὅέί — ς  for values of — between π  and  σφπ  

inclusive 

 

Soln: 

 

From the example above  

σ ὛὭὲ—τ ὅέί — υ ὛὭὲ — υσȢρσ 

 

Thus 

υ ὛὭὲ‌ υσȢρσ ς 

 

ὛὭὲ— υσȢρσ  
ς

υ
 

 

—  υσȢρσ ὛὭὲ ςȾυ 

 

—  υσȢρσ  ςσȢυψ or ρυφȢτς 

 

—  ςσȢυψ  υσȢρσ= ςωȢυυ 

 

=330.450 
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OR  —  ρυφȢτς  υσȢρσ 

 

=ρπσȢςω 

 

Therefore the roots of the above equation are ρπσȢςω  έὶ 330.450 

 

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 mathematics book 3 by J. O Bird, Pure 

mathematics by backhouse and Engineering mathematics by KA  Stroud. 

 

Half ïangle formulae 

Refer to pure mathematics by backhouse and Engineering mathematics by K.A 

STROUD 

 

Hyperbolic functions 

Definition of hyperbolic functions, ὛὭὲὬὼ ὧέίὬ ὼ ὥὲὨ ὸὥὲὬ ὼ 

¶ Evaluation of hyperbolic functions 

¶ Hyperbolic identifies 

¶ Osborneôs Rule 

¶ Solve hyperbolic equations of the form a ὧέίὬὼ ὦὛὭὲὬὼ ὅ 

  

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

 

2.3.3.3. Self-Assessment  

Q1. A surveyor measures the angle of elevation of the top of a perpendicular building 

asρω. He moves 120m nearer the building and measures the angle of elevation asτχ. 

Calculate the height of the building to the nearest meter. 

 

Q2. Solve the equation υÃÏÓ— τ ὛὭὲ — σ    for values of  —  between   π   and  

σφπ  

 Inclusive. 

 

Q3. Prove there identifies 

      Ὥ ὅὥίὬ ςὼ  ὧὥίὬὼ  ὛὭὲὬὼ 

ὭὭὛὭὲὬὼ ώὛὭὲὬ ὅέίὬώ ὧέίὬώ ὛὭὲὬὼ  

Q.4 Solve the equation 

 σ ὛὭὲ Ὤὼ τ ὅέίὬὼ υ 

Define trigonometry  
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5. Describe trigonometric ratios 

6. Differentiate various hyperbolic functions 

7. Perform calculations on various hyperbolic functions 

8. Trigonometry is the branch of mathematics which deals with the measurement of 

sides and angles of triangles and their relationship with each other. True or false? 

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

 

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

Writing materials  

Geometrical   set 

Calculator 

 

2.3.3.5. References   

¶ Basic engineering mathematics by J.O Bird 

¶ Technical mathematics book 3 by J.O Bird 

¶ Pure mathematics book 1 by Backhouse 

¶ Engineering mathematics by K a Stroud 
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2.3.4. Learning Outcome No.3 Apply Complex Number 

2.3.4.1. Learning Activities 

Learning Outcome No. 3.  Apply Complex Number 

Learning Activities  Special Instructions  

¶ Preparing complex numbers using ARgand diagrams 

¶ Performing operations involving complex number 

¶ Performing calculations involving complex number 

using De Moirés theorem 

 

 

 

2.3.4.2. Information Sheet chapter 2/LO3 

Apply Complex Number 

A number  of the form  ὥ Ὥὦ is called complex number where  ὥ ὥὲὨ ὦ  are real 

numbers and Ὥ Ѝ ρ    we call  ᴂὥ  the real part and  óbô  the imaginary part of the 

complex ὥ Ὥὦ  if  ὥ έ  then  Ὥὦ  is said to be purely imaginary,  if  ὦ π  the number 

is real. 

Pair of complex number ὥ Ὥὦ   are 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 

τ Ὦυ σ Ὦς 

τ Ὦυ σ Ὦς=τ Ὦυ σ Ὦς 

= τ σ Ὦυ ς 

=χ Ὦσ 

 

Example 2 

τ Ὦχ ς Ὦί τ Ὦχ ς Ὦί τ ς Ὦχ υ 

ς Ὦρς 

Multiplication of complex numbers 

Example 1 

σ Ὦτ ς Ὦυ 

φ Ὦψ Ὦρυ Ὦςπ 

φ Ὦςσςπ ίὭὲὧὩὮ ρ 

= ρτ Ὦ  

Examples 2 

υ Ὦψ υ Ὦψ 

υ Ὦψ υ Ὦψ ςυ Ὦτπ Ὦτπ Ὦφτ 

ςυ φτ 

=89 

A pair of complex numbers are called conjugate complex numbers and the product of 

two conjugate. Complex numbers is always entirely real. ὧέί—ὮίὭὲ— 
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Argand diagram 

Although we cannot 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 forms of expressing a complex number. 

 

Demoivreôs Theorem 

Demoivreôs theorem states that ὶὧέί—ὮίὭὲ— ὶ ὧέίὲ—ὮίὭὲὲ— 

It is used in finding powers and roots of complex numbers in polar  

Example   

Find the three cube roots of   ᾀ υὧέίςςυ ὮίὭὲςςυ) 

ὤ ὤ ὅέί
ςςυ

σ
ὮίὭὲ
ςςυ

σ
 

ρȢχρ ὧέίχυ ὮίὭὲχυ  

ᾀ ρȢχρ ὧέίχυ ὮὛὭὲχυ 

Cube roots are the same size (modules) i.e 1.71 and separated at intervals of   , i.e 

ρςπ 

ᾀ Ȣ  Ⱦ  χυ 

ᾀ Ȣ     

ᾀ = 1.71 σρυ+ὮὛὭὲσρυ) 

Sketched Argand diagram. 

                                         x 

                          j                                  z 

         ὼ                                                          x 

 

         ᾀ                                                    ᾀ 

                                       ώ 

 

 

 

 

 

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

expansion of  

ὧέί— and ὧέί— 

 

LOCI problems 

We sometimes required to find the locus of a point which moves in the Argand diagram 

according to some stated condition. 
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Examples 

If ὤ ὼ Ὦώ, find the equation of the locus ς 

ίὭὲ—ὤὼ ὮώȢ 

ὤ ρ ὢ Ὦώρ ὼ ρ ὮώὶὥὲὫὰὩ — ᾀ 

ᾀ ρ ὼ Ὦώρ ὼ ρ ὮώὶὶὥὲὫὰὩ — ᾀ 

 Ḉ       — -— 

Ḉ  = = 
 

 
 

ὼ ρ ώ

ὼ ρ ώ
 

Ḉ
ὼ ρ ώ

ὼ ρ ώ
τ 

Ḉὼ ρ ώ τ ὼ ρ ώ  

ὼ ςὼ ρ ώ τὼ ςὼ ρ ώ  

=τὼ ψὼ τ τώ 

Ḉσὼ-10x+3+σώ π 

 

2.3.4.3. Self-Assessment  

1. Find the fifth roots of σ Ὦσ  in polar form and in exponential form 

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

form.  

      Express the principal root in the form  ὥ Ὦὦ 

3. If ᾀ ὼ ὮώȟύὬὩὶὩ ὼ ὥὲὨ ώ   are real, show that the locus  ς 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. Explain Argand diagram 

7. A number of the form  ὥ Ὥὦ is called complex number where  ὥ ὥὲὨ ὦ  are real 

numbers and Ὥ Ѝ ρ    TRUE OR FALSE? 

8. Demoivreôs theorem states that ὶὧέί—ὮίὭὲ— ὶ ὧέίὲ—ὮίὭὲὲ— TRUE 

OR FALSE? 

 

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

¶ Calculator 

¶ Writing materials  

¶ 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. Learning Outcome No. 4. Apply Co-ordinate Geometry 

2.3.5.1. Learning Activities 

Learning Outcome No. 4. Apply Co-Ordinate Geometry 

Learning Activities  Special Instructions  

¶ Calculating polar equations using coordinate 

geometry 

¶ Drawing graphs of given polar equations using the 

Cartesian plane 

¶ Determining normal and tangents using coordinate 

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 co-ordinate ὼȟώ 

ii)  Polar co-ordinate ὶȟ— 

 

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 

Convert ὶ ίὭὲ— into Cartesian form.                   

 

 

 

 

ὧέί—
ὼ

ώ
 

ίὭὲ—
ώ

ὼ
 

Form Pythagoras theorem ὶ ὼ ώ 

ὶ ίὭὲ— 

ὼ ώ
ώ

ὼ
 

ὼ ώ ὶ ώ 

ὼ ώ ὼ ώ ώ 

ὼ ώ ώ 

Example 2 

Find the Cartesian equation of  

(i) ὶ ὥρ ςὧέί (ii)  ὶὧέί— ‌ ὴ 

[The ὅέί— suggest the relationὢ ὅὕὛ—, so multiplying through by r} 

Ḉὶ ὥὶ ςὶὧέί— 

Ḉὼ ώ ὥ ὼ ώ ςὼ 
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Ḉὼ ώ ςὼ ὥ ὼ ώ  

Therefore the Cartesian equation of ὶ ὥρ ςὧέί is ὼ ώ ςὥὼ

ὥ ὼ ώ  

(ii)  ὶὧέί— ‌ ὴ 

ὧέί— ‌ May be expanded  

Ḉὶὧέί—ὧέί‌ὶίὭὲ—ίὭὲ‌ὴ 

(iii)  Therefore the Cartesian equation of ὶὧέί— ‌ ὴ is  ὼὧέί‌ώίὭὲ‌

ὴ 

Example 3 

Find the polar equation of the circle whose Cartesian equation is ὼ ώ τὼ 

ὼ ώ τὼ 

Put ὼ ὶὧέί—ȟώ ὶίὭὲ—ȟ then  

ὶὧέί— ὶίὭὲ— τὶὧέί— 

Ḉὶ τὶὧέί— 

Therefore the polar equation of the circle is ὶ τὶὧέί—. 

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 

(i) ὼ ώ ὥ      

(ii)  ὼ ώ ὥ 

(iii)  ώ π 

(iv) ώ τὥὥ ὼ 

(v) ὼ ώ ςώ π 

(vi) ὼώ ὧ 

2) Obtain the Cartesian equation of the following loci 

(i) ὶ ς 

(ii)  a(1+cos—) 

(iii)  ὶ ὥὧέί— 

(iv) ὶ ὥὸὥὲ— 

(v) ὶ ςὥρ ίὭὲς— 

(vi) ςὶίὭὲς— ὧ 

(vii)  ρ ψὧέί— 

(viii)  ὶ τὥὧέὸ—ὧέίὩὧ— 

3) Differentiate between Cartesian co-ordinate and Polar co-ordinate 

4) Perform calculations on polar equations  

5) The position of a point in a plane can be represented in two forms: Cartesian co-

ordinate ὼȟώέὶPolar co-ordinate ὶȟ— TRUE OR FALSE? 

6) The equation ὶ ὼ ώ 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 Activities  Special Instructions  

¶ Determining roots of numbers using binomial 

theorem 

¶ Determining errors and small changes using 

bionomical theorem 

¶ To cover the Performance Criteria statements 

¶ Trainees to demonstrate knowledge in relation to; 

The Range in the Occupational Standards and 

Content in 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 expansion of ὥ ὦ  is given as  

ὥ ὦ ὥὦ ὲὥ ὲ
Ȧ Ȧ

+é 

Where n can be a fraction, a decimal fraction, positive or negative integer. 

 

Example 1 

Use binomial theorem to expand ς ὼ  

 

Solution 

ὥ ὦ ὥὦ ὲὥ ὲ
Ȧ Ȧ

+é 

ὃ ςȟὦ ὼ ὥὲὨ ὲ σ 

ς ὼ ςὼ σςὼ
Ȧ Ȧ

+é 

ρψ ρςὼ φὼ ὼ 

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  

ρ ὼ ρ ὲὼ
Ȧ
ὼ é. 

The series may be continued indefinitely for any value of ὲ provide   ρ ὼ ρ 

Example  

Use the binomial theorem to expand  in ascending power of x as far as the term in  

ὼȢ 

Solution  

Since  may be writtenὥ ὼ ὼ , the binomial theorem may be used. Thus 

ρ ὼ ρ ρ ὼ
Ȧ
ὼ

Ȧ
+é. 
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ρ

ρ ὼ
ρ ὼ ὼ ὼ Ễ 

Provided ρ ὼ ρ 

Practical application of binomial theorem 

 

Example1 

The radius of a cylinder is reduced by 4% and its height increased by 2%. Determine 

the appropriate percentage change in its volume neglecting products of small quantities.  

 

Solution  

Volume  ὠ “ὶὬ 

Let original values be, ὶὥὨὭόίὶ 

            ὌὩὭὫὬὸ  Ὤ 

New values            ὶὥὨὭόίρ πȢπτὶ 

            ὌὩὭὫὬὸ ρ πȢπςὬ 

New volume             “ρ πȢππτὶ ρ πȢπτὬ 

Using binomial theorem, ρ πȢπτ ρ ςπȢπτ πȢπτ ρ πȢπψ 

                  =“ὶὬρ πȢπψρȢπς “ὶὬπȢωτ 

Percentage change            
Ȣ Ϸ

φϷ 

The new volume decreased by 6% 

 

2.3.6.3. Assessment  

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

valid. 

(i)  

(ii)  Ѝτ ὼ 

2. Show that if higher power of x are neglected  

ρ ὼ

ρ ὼ
ρ ὼ

ὼ

ς
 

3. The second moment of area of a rectangular section through its centroid is given 

by . Determine the appropriate change in the second moment of area if ὦ is 

increased by 3.5% and ὰ is reduced by 2.5% 

4. Explain binomial theorem 

5. Describe binomial expansion 

6. Identify roots of numbers using binomial theorem  

7. Bionomical theorem can 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? 
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2.3.6.5. References  

1. John Bird- Higher Engineering Mathematics sixth edition  

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  

¶ Determining Derivatives from first principles 

¶ Determining derivatives of inverse trigonometric 

functions 

¶ Determining the rate of change and small changes 

using differentiation 

¶ Determining integrals of algebraic functions 

¶ Determining integrals of trigonometric functions 

¶ Determining integrals of logarithmic functions 

¶ Determining integrals of hyperbaric and inverse 

hyperbaric functions.  

 

 

 

 

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 parts namely 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 which it depends. 

 

Differentiation from first principles.  

To differentiate from first principles means to find Ὢ ὼ using the expression. 

Ὢ ὶ ÌÉÍ
ᴼ

Ὢὼ ὼ‏

ὼ‏
 

ὼO‏               π  

Ὢὼ ὼ 

Ὢὼ ὼ‏ ὼ ὼ‏ ὼ ςὼ‏ὼ‏ὼ 

Ὢὼ ὼ‏ Ὢὼ ὼ ς ὼ‏ὼ‏ὼ ὼ 

=ςὼ‏ὼ‏ὼ 

Ὢὼ ὼ‏ Ὢὼ

ὼ‏

ςὼ‏ὼ‏ὼ

ὼ‏
 

=ςὼ  ὼ‏

  As ‏ὼO πȟ   O  ςὼ π 

 

ḈὪ ὼ ÌÉÍ
ᴼ
 = ςὼ 
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At ὼ σ, the gradient of the curve i.e Ὢ ὼ ςσ  φ 

Hence if  Ὢὼ ὼ,     Ὢ ὼ ςὼ. The gradient at ὼ σ is 6 

 

Methods of differentiation  

There are several methods used to differentiate different functions which include: 

(i) Product Rule 

(ii)  Quotient Rule 

(iii) Chain Rule 

(iv) Implicit Rule 

 

Example:  

Determine 
Ὠώ
Ὠὼ  given that ώ ὼὛὭὲὼ 

 

Solution 

From product rule: όὺὼ ό  +ὺ  

            ό ὼand ὺ ὛὭὲὼ 

 =ςὼ                      ὅέίὼ 

 

Ḉ     = ὼ(ὅέίὼὛὭὲ ςὼ 

 =ὼὅέί ὼ ςὼ ὛὭὲ ὼ 

ώ
ὼ ρ

ὼ σ
 

 

Soln. Using Quotient rule: 

όὼ

ὺὼ

ὺ
Ὠό
Ὠὼ

ό
Ὠὺ
Ὠὼ

ὺ
 

 

ό ὼ+1                   ὺ ὼ σ 

ςὼ           =1 

Ḉdyùdx=  

=  

=  

ὼ φὼ ρ

ὼ φὼ ω
 

 

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 determine 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 enclose the maximum possible area.  

 

Solution. 

Let the dimension a rectangle be    ὼ ὥὲὨ ώ 

Perimeter of rectangle = ςὼ ςώ  σφ 

i.e ὼ ώ  ρψéééééé(i)  

Since itôs the maximum area that is required a formula for the area A must be obtained 

in terms of one variable only.  

Area = ὃ  ὼώ  

From equation Ὥ  ώ  ρψ  ὼ 

Hence ὃ ὼρψ ὼ ρψὼ ὼ 

Now that an expression for the area has been obtained in terms of one variable it can be 

differentiated with respect to that variable 

ρψ ςὼ Ὢέὶ άὥὼὭάόά or minimum value  i.e  ὼ ω 

Ὠὃ

Ὠὼ
 ςȟύὬὭὧὬ Ὥί ὲὩὫὥὸὭὺὩ  ὫὭὺὭὲὫ ὥ άὥὼὭάόά ὺὥὰόὩ 

ώ ρψ ὼ ρψ ω ω 

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 81ὧά. 

 

Integration 

Process of integration reverses the process of differentiation. In differentiation if  

Ὢὼ ὼ then Ὢ ὼ ςὼ. 

Since integration reverse the prices of moving from Ὢὼ to Ὢ(x), it follows that the 

integral of ςὼ Ὥί ὼ ὭȢὩ Ὥὸί ὸὬὩ ὴὶέὧὩίί έὪ άέὺὭὲὫ Ὢὶέά Ὢ(x) to Ὢὼ. Similarly if 

ώ ὼ then          σὼ. Reversing this process shows that the integral of σὼ  and 

ὼ. 

Integration is also the process of summation or adding parts together and on elongate 

ᴂίᴂ shown a  is used to replace the words óintegrated of ñThus ςὼ=ὼ  and σὼ

ὼ 

Refers to engineering mathematics by K.A strond and learn those on definite and 

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. Using the  ὸ ὸὥὲ  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. Self-Assessment  

 

1. Find the co-ordinator, of the points on the curve 

ώ
ρȾσυ φὼ

σὼ ς
 

Where the gradient is zero. 

 

 

2. If   ώ Ѝὼ . Find   ὥὲὨ  

 

3. Find ὧέίφὼ ὛὭὲ ςὼ  Ὠὼ 

 

 

4. Evaluator ᷿ Ὠὼ 

5. Explain calculus 

6. Perform calculations on inverse trigonometric functions 

7. 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 differentiation. TRUE OR FASE? 

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

 

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

¶ Writing materials 

¶ Calculator  

 

2.3.7.5. 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 

 

 



 

28 
 

2.3.8. Learning Outcome No. 7. Solve Ordinary Differential Equations 

 2.3.8.1. Learning Activities 

Learning Outcome No. 7.  Solve Ordinary Differential Equations 

Learning Activities  Special Instructions  

¶ Solve first order and second order differential 

equations using the method of undetermined 

coefficients. 

¶ Apply boundary conditions to find the particular 

solution  

 

 

¶ Find general solution 

¶ Find particular 

solution 

 

 

2.3.8.2. Information Sheet No. 2/ LO7 

An equation involves differential co-efficient is called a differential equation examples. 

 

(i)  
 

 

 

(ii)     ς  ï 8y =0 

 

The order of a differential equation 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 co-efficient is called a differential equation. 

Example:  

(i)  

(ii)  ς ψώ π 

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 quantities that change, 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. Mathematically, they can occur when arbitrary constants 

are eliminated from a given function. 

 

 

 

Example 
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Consider ώ ὃίὭὲὼὄὧέίὼ, where A and B are two arbitrary constants. If we 

differentiate, we get  

ὃὅέίὼὄὛὭὲὼ and  ὃὛὭὲὼὄὅέίὼὥὛὭὲὼὄὅέίὼ  

i.e                                 ώ 

Ḉ                                    
Ὠώ

Ὠὼ
ώ π 

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 order differential 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 examples 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 equations  Ὧ— where — the 

temperature of the body above the surroundings is and Ὧ is a constant. Solve the 

equation for — given that ὸ π ȟ 

— — 

Solution 

Ὠ—

Ὠὸ
Ὧ— 

Rearr

angin

g 

gives  

Ὠὸ
ρ

Ὧ—
 

Integrating both sides gives ᷿Ὠὸ ᷿       

i.e   ὸ ὰὲ—ὧééééééé..(i) 

Substituting the boundary conditions ὸ π  ȟ— — to find c gives  

π
ρ

Ὧ
ὰὲ— ὧ 
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i.e                ὧ ὰὲ— 

Substituting ὧ ὰὲ— in equation (i) gives  

ὸ
ρ

Ὧ
ὰὲ—

ρ

Ὧ
ὰὲ— 

ὸ
ρ

Ὧ
ὰὲ— ὰὲ—

ρ

Ὧ
ÌÎ 
—

—
 

Ὧὸὰὲ
—

—
 

Ὡ
—

—
 

Ὡ
—

—
 

Hence      — —Ὡ  

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 to Engineering 

Mathematics by K.A Stround, Technician 4 and 5 by J.O Bird. 

 

Application of second order differential equations  

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

of the form 

ὥ
Ὠώ

Ὠὼ
ὦ
Ὠώ

Ὠὼ
ὧώ Ὢὼ 

Where ὥȟὦȟὧ are constants coefficient and Ὢὼ is a given function of ὼ. 

Example include: 

(1) Bending of beams 

(2) Vertical oscillations and displacements 

(3) Damped forced vibrations 

 

For more worked examples refer to Engineering Mathematics by K.A Stround, 

Technician 4 and 5 by J.O Bird. 

 

2.3.8.3 Self-Assessment  

Q1. Solve the following equations: 

(i) ὼώ σ τώ 

(ii)  ὼώ ώ ὼ ὼώ π 

(iii)  ώὸὥὲὼίὭὲὼ 

      Q2. The change, ή, on a capacitor in an LCR circuit satisfies the second order 

differential equation 

ὒ
Ὠή

Ὠὸ
ὦ
Ὠή

Ὠὸ

ρ

ὧ
ή Ὁ 
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Show that if ςὒ ὧὙ  the general solution of this equation is  

ή Ὡ ὃὧέί
ρ

ὧὙ
ὸ ὄίὭὲ

ρ

ὧὙ
ὸ ὧὉ 

If Ὥ π and ή π when ὸ π. Show that the current in the circuit is  

Ὥ
ςὉ

Ὑ
Ὡ ίὭὲ

ρ

ὧὙ
 

3. Explain differential equations  

4. Describe method of undetermined coefficients 

5. Perform calculations on first order and second order differential equations using the 

method of undetermined coefficients 

6. An equation which involve differential co-efficient is called a differential equation. 

TRUE OR FALSE? 

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

FALSE? 

 

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

¶ Calculator 

¶ 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. Mathematics 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 outcome No. 8.  Apply Laplace transforms 

Learning Activities  Special Instructions  

¶ Derive Laplace transform from first principle. 

¶ Solve Laplace transforms using initial and final 

value theorem. 

¶ Determine inverse using Laplace transform using 

partial fractions, 

¶ Solve differential equations by using Laplace 

transform 

¶ To cover the Performance Criteria statements 

¶ Trainees to demonstrate knowledge in relation to; The 

Range in the Occupational Standards and Content in 

the curriculum  

 

¶ Rule of partial 

fractions 

 

2.3.9.2. Information Sheet No 2/LO8 

 

Definition 

The Laplace transform of a function Ὂὸ is denoted by flὊὸ  and is defined as the 

integral of ὊὸὩ  between the limits ὸ π and ὸ Њ. 

i.e flὊὸ ᷿ ὊὸὩ  ÄÔ 

in determining the transform of any function, you will appreciate that the limits are 

substituted for ὸ, so that the result will be a function of ί. 

Ḉ flὊὸ ὊὸὩ  ÄÔὪί 

 

Deriving the Laplace transform from the first principles 

To find the Laplace transform from first principles. 

Example 

To find the Laplace transform of Ὂὸ ὥ (constant) 

flὥ ὥὩ Ὠὸ ὥ
Ὡ

ί

ὥ

ί
Ὡ  

 
ὥ

ί
π ρ

ὥ

ί
 

Ḉflὥ
ὥ

ί
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Example 

To find the Laplace transform of Ὂὸ  Ὡ  

 

Solution 

flὩ Ὡ Ὡ Ὠὸ 

Ὡ Ὠὸ 

Ὡ

ί ὥ
 

ρ

ί ὥ
π ρ 

ρ

ί ὥ
 

ḈflὩ
ρ

ί ὥ
 

For more worked examples on how to derive the Laplace transform from first 

principles refer to Advanced Engineering Mathematics by K.A Stround. 

 

Inverse Transforms 

Here we have the reverse process, ie given a Laplace transform, we have to find the 

function of ὸ to which it belongs. 

For example, we know that   is the Laplace transform of ὛὭὲὥὸ so we can write  

fl
ὥ

ί ὥ
ὛὭὲὥὸ 

The symbol fl  indicating the inverse 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 equation by 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 exercises refer to Further Engineering Mathematics by K.A 

Stround. 

 

 

  



 

34 
 

2.3.9.3. Self-assessment  

Q1. Derive the Laplace transform of each of the following expressions 

(i) Ὢὸ ὛὭὲςὸ 

(ii)  Ὢὸ ὅέίὥὸ 

(iii)  Ὢὸ Ὡ  

Q2. Find the inverse Laplace transform of each of the following expressions 

(i)  

(ii)   

(iii)   

Q3. Solve the following differential equations using Laplace transforms 

(i) ὼ ὼ ςὼ τὅέίςὸ 

(ii)  ὼ τὼ τὸ 

 

4. Describe Laplace transform from first principle 

5. Explain inverse transform 

6. Differentiate initial and final value theorem. 

7. Perform calculations using Laplace transform 

8. The Laplace transform of a function Ὂὸ is denoted by flὊὸ  and is defined as 

the integral of ὊὸὩ  between the limits ὸ π and ὸ Њ. 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 

 

 

2.3.9.4 Tools, equipmentôs 

¶ Calculator 

¶ Laplace transform Tables 

¶ Writing material  

 

2.3.9.5 References  

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  

¶ Obtaining power series using Taylorôs the Obtaining 

power series using Taylorôs theorem 

¶ Obtaining power series using Maclaurins Theorem.  

 

 

 

2.3.10.2 Information Sheet No. 2/ LO9 

 

The power series of claurins theorem different functions can be carried out using two 

theorems. 

(i) Taylorôs Theorem 

(ii)  Maclarins theorem 

 

Taylorôs series states that; 

Ὢὼ Ὤ Ὢὼ ὬὪ ὼ
Ὤ

ςȦ
Ὢ ὼ

Ὤ

σȦ
Ὢ ὼ Ễ 

Examples 

ExpressὛὭὲὼ Ὤ) as a series of powers of  Ὤ  and hence evaluates  ὛὭὲ ττ correct to 

four decimal places.  

 

Soln 

Ὢὼ Ὤ Ὢὼ ὬὪ ὼ
Ὤ

ςȦ
Ὢ ὼ

Ὤ

σȦ
Ὢ ὼ Ễ 

Ὢὼ ὛὭὲὼ 

Ὢᴂὼ ὧέί ὼ 

Ὢᴂᴂὼ ίὭὲὼ 

Ὢ ὼ -cosx 

Ὢ ὼ ÓÉÎὼ 

 

ḈὛὭὲὼ Ὤ ÓÉÎὼ Ὤὧέί ὼ   sin x -  ὧέί ὼȣȢ 

 

ὛὭὲττ ÓÉÎτυ ρ  

=ὛὭὲ“τ πȢπρχτυ 

=ÓÉÎ“τ πȢπρχτυ ὧέί - 
Ȣ

 ίὭὲ“τ  
Ȣ

 ὧέί“τ 

 

ὄόὸ ίὭὲτυ ὧέίτυ πȢχπχ 

πȢχπχ ρ πȢπρχτυπȢπππρυςσπȢππππππω 

πȢχπχπȢωψςσωυ 

πȢφωτφφ 
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πȢφωτχτὨὴ 

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

 

2.3.10.3. Self-Assessment  

1. Use  Manchurians theorem to expand  ὰὲσὼ ρȢ  Hence use the expansion to 

evaluate ᷿ Ὠὼ  to four decimal places 

2. Use Taylors series to expand ÃÏÓ Ὤ in terms of Ὤ  as far as Ὤ. Hence 

evaluate ὧέίφψ correct to four decimal places 

3. Describe power series of claurins theorem 

4. Differentiate between Taylorôs Theorem and Maclarins theorem 

5. Perform calculations on power series using Taylorôs theorem 

6. Perform calculations on power series using Maclaurins Theorem 

7. Taylorôs Theorem can be used to obtain power series. TRUE OR FALSE? 

8. Taylorôs series states that; 

9. Ὢὼ Ὤ Ὢὼ ὬὪ ὼ
Ȧ
Ὢ ὼ

Ȧ
Ὢ ὼ ỄὝὙὟὉ ὕὊ ὊὃὒὛὉȩ 

 

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

¶ Advanced Calculator  

 

2.3.10.5. References   

1. Strond, 6th Edition Advanced 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  

¶ Perform identification collection and organization 

of data 

¶ Perform interpretations analysis and presentation 

of data in appropriate format 

¶ Evaluate mean median mode and standard 

deviation obtained from the given data 

¶ Performing calculations based on laws of 

probability 

¶ Performing calculations involving probability 

distributions and mathematical expectation 

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 observations that carry 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 

¶ Heights 

¶ Ages 

¶ Weighs 

¶ Times 

 

Types of data; 

1. Quantitative data 

2. Qualitative data 

 

 



 

38 
 

 

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 presenting is preparing 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 refer to 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 central tendencies. 

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 the limiting for of the Binomial 

distribution for large values of   ὲ  and ὴ and ή are not very small. 

The normal distribution is given by the equation 

Ὢὼ
Ѝ
Ὡ        

Where ‘ is the mean and „ is the standard deviation, “ σȢρτρυω and Ὡ ςȢχρψςψ 

ὖὼ ὼ ὼ
ρ

„Ѝς“
Ὡ ὨὼȣȣȣȣȣȣȣȣȢρ 

On substitution  ᾀ  in (1) we get Ὢᾀ
Ѝ
Ὡ ȣȣȣȣȣȣȣȣȢȢς 

 

Here άὩὥὲπ,  ίὸὥὲὨὥὶὨ ὨὩὺὭὥὸὭέὲ ρ 

Equation ς is known as standard form of normal distribution. 
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Normal curve 

Shown graphically:  the probabilities of heads in 1 losses are 

 
Figure 1:  A density plot of Y 

 

Area under the normal curve 

By taking    ᾀ  , 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 by ᾀ π.  Left had side area and right hand side area to  ᾀ π is πȢυ. The area 

between the ordinate ᾀ π and any other ordinate can be calculated. 

 

Example 1 

On the final examination in mathematics the mean was χς and the standard deviation 

wasρυ.  Determine the standard scores of students receiving grades 

a) 60 b) 93 c) 72          

  

Solution 

a) ᾀ πȢψ 

b) ᾀ ρȢτ 

c) ᾀ π 

 

For more refer 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 Self-Assessment  

1. A machine produced components whose masses are normally distributed with 

mean ‘ and standard deviation „ if 89.8 Ϸ 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 

Ὢὼ
Ὧὼσ ὼȟ              π ὼ σ
π                ὕὸὬὩὶύὭίὩ

 

Find the; 

a. ConstantὯ. 

b. Probability that the diameter of a bolt-selected at a random will fall in the 

interval 

ρ ὼ ςȢυ 

c. Mean and the variance of the distribution                                  (14mks) 

 

3. Tumaini Ltd, is supplied with petrol once a week.  The weekly demand, ὼ hundreds 

of liters, has the probability density function 

Ὢὼ
Ὧρ ὼȟ              π ὼ ρ
π                ὕὸὬὩὶύὭίὩ

 

Where ὧ is a constant 

Determine the 

(i) Value of c 

(ii)  Mean of ὼ 

(iii)  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 deviation„. Given that 9.4% have a mass less than 45kg and 

7% have a mass above 75kg. 

(i) Evaluate the values of ‘ and „ and 

(ii)  Find the probability that a mass of a metal bar selected at random will 

be less tan 40kg. 

5. Define statistics 

6. Differentiate between mean, mode and median  

7. Perform data collection and organization techniques 

8. Perform interpretations analysis and presentation of data in appropriate format 

9. Evaluate mean median mode and standard deviation obtained from the given data 

10. Describe laws of probability and 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? 
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2.3.12. Learning Outcome No. 11. Solve Ordinary differential equations 

2.3.12.1 Learning Activities 

Learning Outcome No. 11. Apply Fourier series 

Learning Activities  Special Instructions  

¶ Obtain Fourier coefficients using Fourier series 

¶ Obtain Fourier series for a periodic function of 

period 2ˊ 

¶ Obtain Fourier series for a periodic function of 

period T 

¶ Obtain Fourier series for odd and even functions 

using Fourier series techniques  

¶ Obtain half-range Sine and Cosine series 

¶ Harmonic analysis 

 

2.3.12.2.  Information sheet No 2/Lo11 

 

Problem 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 Ὢὼ is said 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 to Further Engineering Mathematics by K.A Stround on 

page 826. 

 

Fourier series periodic functions of period ς“ 

We define Fourier series in the form 

Ὢὼ
ρ

ς
ὥ ὥὧέίὼὥὧέίςὼ ὥὧέίσὼ  

 

+ὦίὭὲὼὦίὭὲςὼ ὦίὭὲσὼ  

This is written in the form  

Ὢὼ
ρ

ς
ὥ ὥὅέίὲὼὦίὭὲὲὼ 

Where n is a positive integer. 

Fourier coefficients, ὥȟὥȟὥὲὨ ὦ are given by  

ὥ
ρ

“
ὪὼὨὼ 

ὥ
ρ

“
ὪὼὧέίὲὼὨὼ 

ὦ
ρ

“
ὪὼίὭὲὲὼὨὼ 
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For worked examples on how to determine the Fourier series to represent a periodic 

function of period ς“ refer to   Further Engineering Mathematics by K.A Stround on 

page 842 to 876. 

 

Functions with periods other than ς“ 

If  ώ Ὢὼ is defined in the range  to  i.e has a period T, we can convert this to 

an interval of ς“ by changing the units of the independent variable.  

 

In many practical cases involving physical oscillations, the independent variable is 

time ὸ and the periodic interval is normally denoted by Ὕ 

i.e Ὢὸ Ὢὸ Ὕ 

The Fourier series to represent the function can be expressed a  

Ὢὸ
ρ

ς
ὥ ὥὅέίὲύὸὦίὭὲύὸ 

With the new variable, the Fourier coefficients becomes   

Ὢὸ
ρ

ς
ὥ ὥὅέίὲύὸὦίὭὲύὸ 

ὥ
ς

Ὕ
ὪὸὨὸ 

ὥ
ς

Ὕ
ὪὸὧέίὲὸὨὸ 

ὦ
ς

Ὕ
ὪὝίὭὲύὸὨὸ 

For worked examples on how to determine Fourier series for a periodic function of 

period T, refer to Further Engineering Mathematics 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 series 

Sometimes a function of period ς“ is defined over the range 0 to “, instead of the 

normal “ ὸέ “ or 0 to 2 “. In this case we make an assumption on how a function 

behaves between ὼ “ to ὼ π, and the resulting Fourier series will therefore 

apply only to Ὢὼ between ὼ π and ὼ  “ for which it is defined. For this reason, 

such series are called half range series. For more information, worked example and 

exercises refer to Further Engineering Mathematics by K.A Stround on page 868. 

 

2.3.12.3. Self-Assessment  

1. Describe Ordinary differential equations 

2. Explain Fourier series 
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3. Perform calculations on Fourier series for a periodic function of period ς“ and 

T 

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

series techniques 

5. A function Ὢὼ is said to be periodic if its function values repeat at regular 

intervals of the independent variable. TRUE OR FALSE? 

6. If  ώ Ὢὼ is defined in the range  to  i.e has a period T. TRUE OR 

FALSE? 

7. Determine half-range Sine and Cosine series 

8. Determine the Fourier served for the function defined by  

Ὢὼ
ρ ὼ    “ ὼ π
ρ ὼ    π ὼ “
Ὢὼ ς“

 

Find the half-range Cosine series for the function defined by  

Ὢὸ
τ ὸ   π ὸ τ
Ὢὸ ψ

 

2.3.12.4. Tool, equipment 

¶ Calculator 

 

2.3.12.5 References 

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 Instructions  

¶ Calculate vector algebra dot and cross products 

using vector theory  

¶ Determine the gradient, divergence and curl. 

¶ Perform vector calculation using Greens 

theorem 

¶ Perform vector calculations using Strokeôs 

theorem 

¶ Determine conservative vector fields, line and 

surface integrals using Gaussôs theorem 

 

 

2.3.13.2. Information sheet No. 2/LO12 

 

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

quantities. 

A Scalar quantity is one that is defined completely by a single number 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 to Engineering mathematics by K. A Stroud to 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 

àȢὦ(sometimes called the ódot productô. 

The dot product of two vectors is defined as ὥȢὦ ȿὥȿȿὦȿὧέί— where  — is the angle 

between a and b. 

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

Examples 

Solution 

ὥ ςὭ σὮ υὯ Andὦ τὭ Ὦ φὯ,  ὥȢὦ 

ὥ .  ὦ  ςȢτ σȢρ υȢφ 

= 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 work done by a force Ὂ  newtons acting at point A on a body, when ὃ is 

displaced to point B, the coordinates of A and B being (3, 1, -2) and (4, -1, 0) metres 

respectively and when 

Ὂ  Ὥ  ςὮ  Ὧ Newtonôs. 

 

Solution 

If a vector displacement from A to B is d, then the work done is F. d Newton Meters or 

joules. The position vector OA is σὭ  Ὦ ςὯ  and OB is τὭ  Ὦ 

 

ὃὄ  Ὠ  ὕὄ  ὕὃ 

 τὭ ɀὮ ɀ σὭ Ὦ ςὯ  

Ὥ ɀ ςὮ ςὯȢ 

Work done   ὊȢὨ ρȾρ ς ς ρ ς 

          ρ  τ ς 

 =ρ ὔά or Ὦέόὰe 

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

Cross Product 

The vector or Cross product of two vectors    Ǖ   and  ὦ  is C where the magnitude of C 

is ȿàȿȿὦȿὛὭὲ—  where — the angle between is ὥ   and b. 

For more information refer to Technician mathematics 3 by J.O Bird and Engineering 

mathematics by K. A Stroud. 

 

Examples 

ὴӶ  ςὭ τὮ σὯ  ὥὲὨ ὗ Ὥ υὮ ςὯ find  ὖ x ὗ  =  
Ὥ Ὦ Ὧ
ς τ σ
ρ υ ς

 

 

=Ὥ
τ σ
υ ς

ǲ
ς σ
ρ ς

Ὧ
ς τ
ρ υ

 

= ςσὭ χὮ  φὯ 

 

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 worked examples and exercises on: 

(i) Gradient 

(ii)  Divergence 

(iii)  Curl 
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Greens theorem 

Learn how to perform vector calculations using Greenôs theorem by referring to further 

Engineer mathematics by KA. Stroud 

Stokeôs Theorem 

Refer to further Engineer Mathematics by K.A Stroud to learn how to perform vector 

calculations using Strokeôs theorem. 

Gaussôs Theorem 

Refer to the some book to learn how to determine line and surface integrals using 

Gaussôs theorem. 

 

2.3.13.3 Self-Assessment  

1) Differentiate between algebra dot and cross products 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 product of two vectors    Ǖ   and  ὦ  is C where the magnitude 

of C is ȿàȿȿὦȿὛὭὲ—  where — the angle between is ὥ   and b. TRUE OR FALSE? 

4) Describe Greens theorem, Strokeôs theorem and Gaussôs theorem and their 

applications  

5) Explain gradient, divergence and curl. 

6) If  ὥ =ςὭ - 3Ὦ  τὯ ὥὲὨ ὦ = i + 2Ὦ  υὯ  determine  

 ς ὥ . ὦ 

 ςς ὥ x ὦ 

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 (5, 2, -4)  and  (3,-1,1) meters 

respectively , and when Ὂ  ςὭ σὮ ςὯ  Newtonôs. 

 

2.3.13.4. Tools, Equipment 

¶ Calculator 

 

2.3.13.5 References 

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 Apply Matrix  

2.3.14.1 Learning Activities  

Learning Activities No. 13.  Apply Matrix  

Learning Activities  Special Instructions  

¶ Apply matrix in calculating operation on matrices in 

addition and subtraction, multiplication 

 

 

2.3.14.2. Information sheet No. 2/ LO13 

 

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 called a ὓ ὔ ὭȢὩ ὓ ὦώ ὔ  matrix and is 

referred to as having order ὓ ὔ. 

A matrix is indicated by writing the array with large square brackets e.g 

υ χ ς
φ σ ψ

 is a ς σ matrix i.e ς ὦώ σ matrix where υȟχȟςȟφȟσ ὥὲὨ ψ are the elements 

of the matrix. 

Operation on matrices 

1. Addition and subtraction 

Matrices can be added or subtracted if they are of the same order. 

Example 

Given matrix ὃ
ρ ς υ
σ π τ
ρ σ ς

 and ὄ
σ ς ρ
ς ρ φ
ρ τ υ

 

ὃ ὄ
ρ ς υ
σ π τ
ρ σ ς

σ ς ρ
ς ρ φ
ρ τ υ

ρ σ ς ς σ ρ
σ ς π ρ τ φ
ρ ρ σ τ ς υ

ς τ τ
ρ ρ ρπ
ς χ χ

 

2. Multiplication of Matrices 

Example  

Given matrix  ὃ
ρ ς υ
σ π τ
ρ σ ς

 and ὄ
σ ς ρ
ς ρ φ
ρ τ υ

 

ὃ ὄ
ρ ς υ
σ π τ
ρ σ ς

σ ς ρ
ς ρ φ
ρ τ υ

 

ρ σ ς ς υ ρ ρ ς ς ρ φ τ ρ ρ ς φ υ υ
σ σ π ς τ ρ σ ς π ρ τ τ σ ρ π φ τ υ
ρ σ σ ς ς ρ ρ ς σ ρ ς τ ρ ρ φ σ ς υ

 

σ τ υ ς ς ςπ ρ ρς ςυ
ω π τ φ π ρφ σ π ςπ
σ φ ς ρ σ ψ ρ ρ ρπ
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ς ςπσφ
ρσ ρzπρχ
ρρ ρπ ω

 

Note that in matrices ὃὄ ὄὃ 

For more examples on matrices operations refer to Pure Mathematics I. 

Determinant of a σ σ matrix 

Refer to engineering mathematics by K.A Stround and learn more on how to find the 

determinant of a σ σ  (ñ3 by 3ò) matrix. 

Inverse of a σ σ matrix 

 

Example  

To find the inverse of  ὃ
ρ ς σ
τ ρ υ
φ π ς

 

Evaluate the determinant of ὃ i.e ȿὃȿ 

a) For  ὃ
ρ ς σ
τ ρ υ
φ π ς

,   ȿὃȿ ρς π ςψ σπ σπ φ ςψ 

b) Now from the matrix of the cofactors 

ὅ
ς ςς φ
τ ρφρς
χ χ χ

 

 

c) Next we have to write down the transpose of Ȱὅȱ to find the adjoint of Ȱὃȱ 

ὃὨὮ ὃ ὅ
ς τ χ
ςς ρφ χ
φ ρς χ

 

d) Finally we divide the elements of adj A by the value of ȿὃȿ i.e 28 to get ὃ  the 

inverse of ὃ. 

 

ὃ

ụ
Ụ
Ụ
Ụ
Ụ
ợ
ς

ςψ

τ

ςψ

χ

ςψ
ςς

ςψ

ρφ

ςψ

ρς

ςψ
φ

ςψ

χ

ςψ

χ

ςψỨ
ủ
ủ
ủ
ủ
Ủ

ρ

ςψ

ς τ χ
ςς ρφ χ
φ ρς χ

 

Solution of linear equation in three unknowns 

Solve the set of equations  

 

 ὼ ςὼ ὼ τ 

 σὼ τὼ ςὼ ς 

 υὼ σὼ υὼ ρ 

 

First write the set of equations in matrix form 

 
ρ ς ρ
σ τ ς
φ σ υ

ὼ
ὼ
ὼ

τ
ς
ρ
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Next step is to find the inverse of A where A is the square matrix on the left hand side. 

ȿὃȿ
ρ ς ρ
σ τ ς
υ σ υ

ρτυπ ςω ςω φτ συ 

Therefore ȿὃȿ συ 

Matrix of co-factors ὅ
ρτ ςυ ςω
χ π χ
π υ ρπ

 

The matrix of the ὃὨὮ ὃ ὅ
ρτ χ π
ςυ π υ
ςω χ ρπ

 

Now ȿὃȿ συȟ  therefore ὃ
 

ȿȿ

ρτ χ π
ςυ π υ
ςω χ ρπ

 

Ḉ  ὼ ὃ Ȣὦ
ρ

συ

ρτ χ π
ςυ π υ
ςω χ ρπ

τ
ς
ρ

 

Finally ὼ

ὼ
ὼ
ὼ

ς
σ
τ

 

Ḉὼ ςȟὼ σȟὼ τ 

Eigen values and Eigen vectors 

In many applications of matrices to technological problems involving coupled 

oscillations and vibrations equations are of the form 

ὃȢὼ ‗ὼ 

Where  ὃ is a scale matrix and  ‗ is a number.  The values of  ‗   are called he 

eigenvalues.  Characteristic values or latent roots of the matrix ὃ and the corresponding 

solution of the given equation   

ὃȢὼ ‗ὼ are called the eigevectors or characteristics vector ofὃ.  

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

 

2.3.14.3. Self- Assessment 

1. Define a matrix  

2. A matrix having M rows and N columns is called a ὓ ὔ ὭȢὩ ὓ ὦώ ὔ  matrix 

and is referred to as having order ὓ ὔ. TRUE OR FALSE? 

3. ὃȢὼ ‗ὼ are called the eigevectors or characteristics vector ofὃ. TRUE OR 

FALSE? 

4. Differentiate between Eigen values and Eigen vectors 

5. Perform calculations using matrix 

6. Determine a Determinant of a σ σ matrix 

7. Determine an Inverse of a σ σ matrix 

8. Solve the following set of linear equations by matrix method 

 ὼ σὼ ςὼ σ 

 ςὼ ὼ σὼ ψ 

 υὼ ςὼ ὼ ω 
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9. Find the inverse of the matrix  ὃ
ς ρ τ
σ υ ρ
ς π φ

 

10. If ὃȢὼ ‗ὼ, ὃ
ς ς ς
ρ σ ρ
ρ ς ς

. Determine the eigenvalues of the matrix A and 

an eigenvector corresponding to each eigenvalue. 
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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  

¶ Apply numerical  methods in solving engineering 

problems 

 

 

2.3.15.2.  Information 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. Numerical 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 iteration 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) Newton-Raphson method. 

 

Example  

Find by Newton Raphson method the real roots of ὼὩ ς ὸ correct to 3 decimal 

places. 

Solution  

Let Ὢὼ ὼὩ ς and Ὢρ Ὡ ς πȢχρψσ 

So a root lies between 0 and 1. Its near to 1 letôs take  ὼ ρ 

Also Ὢ ὼ ὼὩ Ὡ and Ὢ ρ Ὡ Ὡ υȢτσφφ 

Therefore by Newton-Raphson rule, the first approximation ὼ is given by  

ὼ ὼ
Ὢὼ

Ὢ ὼ
ρ
πȢχρψσ

υȢτσφφ
πȢψφχω 

Therefore Ὢὼ πȢπφχςȟ       Ὢ ὼ τȢττωρ 

Thus the first approximation ὼ is given by 

ὼ ὼ
Ὢὼ

Ὢ ὼ
πȢψφχω

πȢπφχς

τȢττωρ
πȢψυςψ 

Hence the required root is 0Ȣψυσ correct to 3 dp 

Finite differences and interpolation 

Suppose we are given the following values for ώ Ὢὼ for a set of values of ὼ: 

ὼȡὼ  ὼ  ὼ ȣȢὼ 

ώȡώ  ώ  ώ ȣȢώ 
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Then the process of finding any value of y corresponding to any value of ὼ ὼ 

between ὼ   and ὼ is called interpolation. 

The interpolation is the technique of estimation the 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 miles of the visible horizon for the given height 

in feet above the earthôs space. 

 

Height (x) 100 150 200 250 300 350 400 

Distance 

(y) 

10.63 13.03 15.04 16.81 18.42 19.90 21.27 

 

Find values of ώ when ὼ 2.8 feet and τρπ ὪὩὩὸ 

The difference table is as given below 

 

x y Ў Ў Ў Ў 

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     

 

i) If we take ὼ ςππ, then ώ ρυȢπτ, Ў ρȢχχ    Ў πȢρφ      Ў πȢπσ 

etc 

Since ὼ ςρψ and Ὤ υπ Ḉὴ πȢσφ 

Using Newton Raphson forward interpolation formula, we get 

ώ ώ ὴЎ
ὴὴ ρЎ

ρȢς

ὴὴ ρ ὴ ς

ρȢςȢσ
      Ў Ễ 

Ὢςρψ ρυȢπτπσφρȢχχ
πȢσφπȢφτ

ς
πȢρφ

πȢσφπȢφτ ρȢφτπȢπσ

φ
πȢπσ Ễ 

ρυȢπτ πȢφσχπȢπρψπȢππρỄȢ ρυȢφωφ ὲὥόὸὭὧὥὰ άὭὰὩί 
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ii)  Since ὼ τρπ is near the end of the table, we use Newton backward interpolation 

formula. 

Therefore taking ὼ τππὴ πȢς 

Using the backward differences 

ώ ςρȢςχ, ɳ ρȢσχ    ɳ πȢρρ      ɳ πȢπς 

Newton backward difference gives 

ώ ώ ὴЎ
ὴὴ ρᶯ

ρȢς

ὴὴ ρ ὴ ς

ρȢςȢσ
      ɳ Ễ 

ςρȢςχ πȢςρȢσχ
πȢςρȢς

ς
πȢρρ ỄȢ ςρȢυσ ὲὥόὸὭὧὥὰ άὭὰὩί 

Refer to Higher Engineering Mathematics by Dr B.S and learn forward and backward 

interpolation formulae 

 

2.3.15.3 Self-Assessment 

1. Describe numerical methods 

2. The graphical methods though simple give results to a low degree of accuracy. 

Numerical methods can, however, 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 between Method of false solution/ regular false method and Newton-

Raphson method. 

5. State the applications of numerical methods 

6. Using Newton-Raphson forward formula find the values of ὪρȢφ, if  

ὢ 1 1.4 1.8 2.2 

Ὢὼ 3.49 4.82 5.96 6.5 

7. State Newton interpolation formula and use it to calculate the value of ÅØÐ ρȢψυ 

given the following table 

ὢ 1.7 1.8 1.9 2.0 2.1 2.2 2.3 

Ὢὼ 5.474 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 processes 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 industries e.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/replacement of electrical 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. This unit prepares 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 procedures, manufacturerôs recommendations, perform first aid procedures 

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 faulty tools/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 repair workshop tools and equipment 
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3.3.2. Learning Outcomes No. 1 Apply workshop safety 

3.3.2.1 Learning activities 

 

Learning Outcome No. 1. Apply workshop safety 

Learning Activities Special Instructions 

 
 

Activity: Obtain and an electrical kettle to be 

connected to a power supply  

¶ Wear PPEs 

¶ Obtain the necessary tools for 

inspecting/testing the functionality of the 

kettle.  

¶ Check safety of power supply socket/system 

as per the standard operating procedures.  

¶ Perform safety inspection of the electrical 

kettle as per standard operating procedures 

¶ Observe manufacturerôs 

manual instructions for 

the specific electrical 

kettle 

¶ Observe IEE regulations 

¶ Observe organizational 

procedures manual 

¶ Provide the trainee with 

varied opportunities to 

learn safety precautions 

taken in handling 

different electrical 

appliances, equipment, 

and machines. 

 

 

 

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 electrical equipment, 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.  Also, it covers, various technical facilities in 

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

Classes of fires:These 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 information; Electrical Safety Handbook 3E by 

Cadick. J. et al.   

Set up procedure for an electrical equipment;  

1. Wear PPE 

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

multimeter 

3. Check the condition of the equipment components, thermostat, heating element, 

switch, and the indicator light 

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

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

good condition.  

 

Recommended sources for further information; Electrical Safety 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/slide/8724303/  

 

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 & equipment: types of 

screw drivers, pliers, and electrical measuring instruments and measure various 

electrical parameters like current, voltage, power 

  

https://slideplayer.com/slide/8724303/
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Personal protective equipment in electrical workshop practices: 

¶ Safety cloth 

¶ Gloves   

¶ Shoes  

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

 

 
Figure 3: damaged insulation 

 

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

 

 

  

Figure 2: Personal protective equipment 
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Conclusion 

This outcome covered electrical safety, symbols in electrical circuit diagrams, 

electrical tools & equipment.  

Traineesô assignment;  

Å Observe safe working of electrical circuit protective devices.  

Å Perform safety procedures for conducting, insulating materials, capacitors, 

inductors, and resistors.  

Å Perform fire safety inspection of the working area.  

Å Perform safety procedures of first aid in case of electrical hazards. 

Å Perform testing of electrical appliance for safety 

 

Trainer 

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

practices and electrical housekeeping procedures and policies. Ensure assignments are 

completed on time. Observe traineesô working behaviour on an on-going basis.    

 

Recommended sources for further information; Electrical Safety Handbook 3E by 

Cadick. J. et al.   

 

 

3.3.2.3 Self-Assessment 

 

 

1.  

 

 
 

This sign means Highly Flammable.              

A. True 

B. False 
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2.  

 

 
 

a. 25000 ohms +- 10% 

b. 27000 ohms +- 10% 

c. 250000ohms +- 5% 

d. 27000 ohms +- 5% 

 

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

a. A PCB eraser 

b. A cloth 

c. A dry sponge 

d. A wet sponge 

 

4. The first stage in PCB fabrication is 

a. Preparing the artwork 

b. Exposure 

c. Developing and rinsing 

d. Tinning 

 

5. Identify the component  

 

 

a. Edge rounder 

b. PCB mega station 

c. PCB cutter 
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d. UV exposue unit 

6. Identify the component 

 

a. Diode 

b. LED 

c. LDR 

d. CAPACITOR 

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

a. True 

b. False 

 

8. The edge rounder is an equipment used to drill holes on the PCB. 

a. True 

b. False 

 

9. Developing and rinsing is the last stage in PCB fabrication. 

a. True 

b. False 

 

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

a. True 

b. False 

 

 

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

function generator. 

a. True 

b. False 

Practical question 

1. Adhere to proper use of PPE as per standard operating procedure 

2. Follow workshop rules as per standard operating procedure 

3. Follow proper use of safety equipment as per the manufacturers 

recommendations  

4. Adhere to first aid procedures 
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3.3.2.4.Tools, Equipment, Supplies and Materials for the specific learning outcome 

¶ Set of screw drivers 

¶ Pliers 

¶ Phase testers 

¶ Multimeter 

¶ Electrical measuring instruments 

¶ Lab coat 

¶ Gloves 

 

3.3.2.5. References  

1. Cadick, J. (2012). Electrical safety handbook. McGraw-Hill Professional. 

2. Brian Scaddan, Electric Wiring: 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  

3.3.3.1 Learning activities  

 

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

Learning Activities Special Instructions 

 

Activity 1: Use circuit testers or electrical tester 

¶ Obtain a specific circuit tester e.g. a phase, 

continuity tester, etc.  

¶ Check safety/ inspect the specific tester as per 

the standard operating procedures.  

¶ Use the tester as per the manufacturerôs 

instructions 

Activity 2: Use cordless drills 

¶ Obtain a specific circuit drill.  

¶ Check safety/ inspect the specific dril as per 

the standard operating procedures.  

¶ Use the drill as per the manufacturerôs 

instructions 

Activity 3: Use voltmeters or multimeters 

¶ Obtain a specific voltmemers/ multimeters.  

¶ Check safety/ inspect the specific dril as per 

the standard operating procedures.  

¶ Calibrate the specific instrument as per the 

standard operating procedures. 

¶ Use the instrument as per the manufacturerôs 

instructions 

¶ Observe 

manufacturerôs  

manual instructions for 

the specific electrical 

kettle 

¶ Observe IEE 

regulations 

¶ Observe organizational  

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/ L02 

 

Introduction  

This learning outcome involves the safety, classification, use, care, and maintenance 

of various workshop tools, instruments, and equipment. It also, involves 

demonstration 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, 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 two-way and three-way circuits and ringing circuits, voltage and current 

measurements. Electric soldering and soldering tools; soldering methods and skills, 

drilling and soldering components. 

 

Definition of key terms  

Ampere: The SI 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 volt-amperes. 

 

Recommended sources for further information; 

¶ Electrical Safety Handbook 3E by Cadick. J. et al.  

¶ Watch a 1.04min on use of an electrical tester - circuit tester from the link: 

https://youtu.be/Moad9c1wTwk?t=41  

¶ Watch a 5.24min on use of an electrical circuit 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 an electric 

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,  

Recommended sources for further information; 

Electrical Safety Handbook 3E by Cadick. J. et al.  2016 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 

https://youtu.be/Moad9c1wTwk?t=41
https://youtu.be/49Zlel5XaDU?t=474
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Watch a 13.44 min video on electrical principles from the web link: 

https://youtu.be/ytATo6tS9yE?t=192    

Content 

Safety: safety and care precautions in using various electrical 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. 

 

Figure 5 : cable head 

Source: Electrical Safety Handbook 3E by Cadick. J. et al. 

 

https://youtu.be/ytATo6tS9yE?t=192
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Figure 6: receptacle 

Source: Electrical Safety Handbook 3E by Cadick. J. et al. 

 

 

Figure 7: testing a resistor 

Source: Electrical Safety Handbook 3E by Cadick. J. et al. 
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Figure 8: Continuity tester 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.  

Traineesô assignment;  

i. Set and 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 

completed on time. Observe traineesô working behaviour on an on-going basis.    

 

Recommended sources for further information; Electrical Safety Handbook 3E by 

Cadick. J. et al.   

 

3.3.3.3. Self-Assessment 

1. The process shown below is called 
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a. Soldering 

b. Desoldering 

c. Tinning 

d. Drilling  

2. Name the following 

 
 

3. Ampere is the SI 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. Identify Workshop tools, Instruments and equipment 

2. Use Tools, Instruments and equipment as per the manufactures manuals 

3. Perform Calibration of workshop instruments as per the standard operating 

procedure 

4. Follow Proper handling of workshop tools, Instruments and equipment 

5. Adhere to Care and Maintenance of workshop tools, Instruments and equipment 

  

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

¶ Hacksaws 

¶ Pliers 

¶ Phase testers 

¶ Multimeter 

¶ Set of screw drivers 

¶ Side cutters, etc. 

¶ Lab coat 

¶ Hammers 

  

 

3.3.3.5. References  

1. Cadick, J. (2012). Electrical safety handbook. McGraw-Hill Professional. 

2. Brian Scaddan, Electric Wiring: Domestic 

3. 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 activities 

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

Installation.  

Learning Activities Special Instructions 

 

Activity 1: Use circuit testers or electrical tester 

¶ Obtain a specific circuit tester e.g. a phase, 

continuity tester, etc.  

¶ Check safety/ inspect the specific tester as per the 

standard operating procedures.  

¶ Use the tester as per the manufacturerôs instructions 

Activity 2: Use cordless drills 

¶ Obtain a specific circuit drill.  

¶ Check safety/ inspect the specific dril as per the 

standard operating procedures.  

¶ Use the drill as per the manufacturerôs instructions 

Activity 3: Use voltmeters or multimeters 

¶ Obtain a specific voltmemers/ multimeters.  

¶ Check safety/ inspect the specific dril as per the 

standard operating procedures.  

¶ Calibrate the specific instrument as per the standard 

operating procedures. 

¶ Use the instrument as per the manufacturerôs 

instructions 

Observe 

manufacturerôs  

manual instructions 

for the specific 

electrical kettle 

 

Observe IEE 

regulations 

Observe 

organizational  

procedures manual 

 

Provide the trainee 

with varied 

opportunities to learn 

use of various 

electrical testers. 
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3.3.3.1. Information Sheet No. 3/ L03 

Introduction  

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

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 accessories including 

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 two-way and three-way circuits and ringing circuits, 

voltage and current measurements. Electric soldering and soldering tools; soldering 

methods and skills, drilling and soldering components. 

 

Definition of key terms  

Cable ï A cable is made up of one or more conductors and their insulated 

surrounding 

Hammers ï 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 

U. 

Circuit breaker  ï A type of protective device for circuits, it will protect a circuit 

from overload and fault currents. 

Main switch ï 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 proceed 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 out the 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 Conductors [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 current protection 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 safeguard 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 areas the installation 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, CCTV system. 

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 home 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 such as 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 a room 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 location where 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 will 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 the electrical switchboard. As you can see this start to become quite a lot of electrical 

cabling so planning is essential. 

 

Figure 9: industrial main switch 

Source: Electrical Safety Handbook 3E by Cadick. J. et al. 
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Figure 10: Single-phase ~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) 

Recommended sources for further information; 

Brian Scaddan, Electric Wiring: Domestic 

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

Electrical Safety Procedures  

1. Avoid loose wires, cables, and connections. 

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

verified. 

3. Familiarize oneself with all ON/OFF buttons on equipment, circuit breakers, and 

disconnect switches of a bench. 

4. 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. 

5. 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. 

6. 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. 

7. Make sure that all DC power supplies, AC sources, and other power sources 

start from a zero voltage and zero current output or as directed in an experiment. 

Starting from a non-zero voltage is possible in certain applications where a 

voltage source should have a specific initial condition. 
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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 management 

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". In addition 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: 

¶ Electric hot water system 

¶ Air Conditioning 

¶ Pool pump 

¶ Fridge / freezer 

¶ Electric vehicle charger 

¶ Battery energy storage systems (BESS) 

 

 

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 the home 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. 

 

3.3.3.2 Self-Assessment 

  

1. The meter 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 issuing 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, Equipment, Supplies and Materials for the specific learning 

outcome; 

¶ 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. Cadick, J. (2012). Electrical safety handbook. McGraw-Hill Professional. 

2. Electrical Safety Handbook 3E by Cadick. J. et al.   

3. 2016 IEEE IAS Electrical Safety Workshop (ESW) 

4. Brian Scaddan, Electric Wiring: Domestic 

5. Peter J. Seebacher, Home Infrastructure (Project 3) (PDF)  
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3.3.5. Learning Outcomes 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 

 

Activity: Disassembling & re-assembling an 

electrical equipment 

¶ Study the original connection of movable 

switch board 

¶ Remove the connection 

¶ Take out the equipment 

¶ Reinstall and reconnect the wire 

¶ Do the safety test 

 

Observe manufacturerôs 

manual instructions for the 

specific electrical kettle 

 

Observe IEE regulations 

Observe organizational 

procedures manual 

 

Provide the trainee with varied 

opportunities to learn 

preparation procedures 

required for electrical 

practices.  

 

 

3.3.5.2 Information Sheet No. 3/L04 

Introduction  

This learning outcome involves the setting 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 of the practical 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 electrical component, device or 

network comes to an end and provides a point of connection to external circuits.  

 

Recommended sources for further information; Electrical Safety Handbook 3E by 

Cadick. J. et al.  

Watch a 1.39min on electrical wiring from the link: 

https://youtu.be/9uMIQycxygQ?t=59  

  

https://youtu.be/9uMIQycxygQ?t=59
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Electrical Safety Procedures  

1. Avoid loose wires, cables, and connections. 

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

verified. 

3. Familiarize oneself with all ON/OFF buttons on equipment, circuit breakers, and 

disconnect switches of a bench. 

4. 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. 

5. 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. 

6. 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. 

7. Make sure that all DC power supplies, AC sources, and other power sources 

start from a zero voltage and zero current output or as directed in an experiment. 

Starting from a non-zero voltage is possible in certain applications where a 

voltage source should have a specific initial condition. 

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. 

Content 

Safety: Safe working habits and precautions in setting up electrical work stations. 

Electric Supply: Power sources, Electric wirings, signs, symbols and data. 

Illustrations 

 

Figure 11: Electric supply 

Source: Brian Scaddan, Electric Wiring: Domestic 

 



 

77 
 

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.  

 

Traineesô assignment;  

Set up workstation for 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 policies. Ensure assignments are 

completed on time. Observe traineesô working behaviour on an on-going basis.    

Recommended sources for further information; Electrical Safety Handbook 3E by 

Cadick. J. et al.   

 

 

  
















































































































































































































































































































































































































































































































































































































































































































































































