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Icon key

Whenever you see the following ICONS in this textbook, this is what they
mean:

i/ INDIVIDUAL ACTIVITY

Indicates an activity to be done alone.

PAIR ACTIVITY
Indicates an activity to be done in pairs.

GROUP ACTIVITY
Indicates an activity to be done in groups.

I v ; SUMMATIVE ASSESSMENT

This is the activity that students will need to complete and
tear out to be handed in as part of their assessment mark.
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1. Overview of the subject

With the advent of the Fourth Industrial Revolution (4IR), new mechanisms
and approaches are required to enable students and those already settled

in existing career paths to upgrade their skillsets. This notion is particularly
important in the computer science and engineering disciplines, as the
educational sector needs to keep up with the pace at which new technologies
are developed and deployed.

The driving forces for the market and the world of the future are rooted in
competitiveness. Successes and failures depend on which technologies are
applied and how they are applied, rather than on the technologies themselves.
Another contributing factor is the speed at which the knowledge of the
technology changes (Fernandez, et al. 2015).

Technology | Engineering

1.1  Main subject aim

Electronics and Digital Concepts for Robotics (EDCR) aims|to equip students

with functional 4IR technology capabilities through the transfer cessary
trade-specific skills, knowledge, values and attitudes (SKVAs)‘c‘O\
Q
1.2 Electronics and Digital Concepts@?Robotlcs
Level 3 Ca
\\0

Electronics and Digital Concepts for @B\QQICS Level 2 covered the basics of
electronics and was,designed to.i uce the field of learning. The assumption
was made that'the student h revious electronics background.

Ind.evels 3, students co?ﬁ}nue the theoretical and practical implementation
of the learning maté@i Repetition of some of the work will be noticed, since

layinga solid fi ation of knowledge is important. The subject aims to
transfer t ssary trade-specific SKVAs to students.

Elecl‘xog}c\s and Digital Concepts for Robotics focuses on the understanding
. pplication of electrical and electronic principles. The subject focuses on
&\ ur main areas of specialisation, namely:

?‘ *  Electrical (power systems)
*  Electronics
» Digital electronics
*  Mechatronics
*  Computer science.

The term mechatronics describes the integration of electronic engineering,
electrical engineering, computer technology and control engineering with



M Introduction ||

| vi

mechanical engineering. This process forms a crucial part of the design,
manufacturing and maintenance of a wide range of engineering products
and processes. Consequently, there is a need for engineers and technicians
to adopt an interdisciplinary and integrated approach, involving skills and
knowledge that are not confined to a single subject area. They should be able
to operate and communicate across a range of engineering disciplines.

In the following section, the respective areas of specialisation are described
and placed within the intended context.

Computer science Digital concepts

Electronics

Electronics as a component in EDCR introduces the learner to analogue
electronics utilising mainly light current applications. In Level 3,
students further explore discrete electronics through the examination

of semiconductor devices and their various applications. They will

also be introduced to instrumentation — how to use instruments to'take
measurements and reach subsequent conclusions based 6n observations.

Towards Level 3 and 4 students are introduced to integrated circuits and how
simple circuits are combined to form more complex ¢eizeditry for the purpose
of establishing communication and control. Aistudent who takes*Electrical
Technology specialising in Electronics,will be able to source<solutions to
problems using electronic applications‘and innovationS\made to existing
circuits. The student will be able to construct, test dnd commission basic
electronic circuits.

Electrical engineering

Electrical engineering(power systems) refers to various applications of
electricity using heavy current.from the mains supply. In Level 2, the student
was introduced to direct current (DC) and other practical applications.
Inevel 3, light industtial, single-phase applications that use motors and
transformers willhe introduced. The focus is on the generation, distribution
and applicationef three-phase power in motors and transformers.

Mechatronics

As mientioned earlier, mechatronics is the integration of electronics, electrical
engineering, computer technology and control engineering with mechanical
engineering. A wide range of engineering products and processes relies on
this process for their design, manufacturing and maintenance. It is therefore
essential for engineers and technicians to apply an interdisciplinary and
integrated approach, encompassing skills and knowledge that are not confined
to a single field.

Digital concepts

This aspect of the curriculum has strong links to computers, programmable
integrated circuits, Boolean algebra, microcontrollers, system control,
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processors and programming. In Level 2, the student was introduced to the
principles of electricity and electronics, like any electronics student.

In Level 3, the focus shifts towards digital electronics and Boolean algebra.
Students are introduced to communication systems as these form the

corner stone of digital systems. At the same time, they will learn about
different aspects of motors and how motors are controlled using pulse-width
modulation. This opens the world of robotics and the interface between the
digital world and the real world, such as mechatronics.

Computer science

The link between computer science and EDCR has already been emphasised
with reference to the digital concepts. The subject also has additional
pedagogical and developmental advantages. These are summarised in the
figure below.

Collaboration  Creative thinking

Communication  Evaluation

Computational thinking  Abstract thinking

Programming  Perseverance

Engagement Preparedness

$ R
Creative thmk‘ ,Q(\Q/

EDCR incorp ty, im ion and elements of fun. This promotes
the allure ct and ates students to further explore and learn.

ent
1 (hands- 03) earning enables students to learn new fundamental
wh11e otmg concentration and developing psychomotor abilities.

Pr S}Edness

nologlcal advancements necessitate new opportunities to prepare
students for the future. This aspect basically relates to the development of
skills that will prepare students for the rapidly changing world. It stimulates
and develops students’ engineering intuition and accentuates meaningful
problem-based learning.

Computational thinking

Computational thinking is a problem-solving process that encourages students
to develop sets of skills that include decomposition, pattern recognition,
abstraction and algorithm design.

Vil F———
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Evaluation

This entails that the student engages in critical self-reflection and assessment
in order to determine the degree to which the artefact or design meets the set
criteria. It allows the student the opportunity to reflect on areas that require
possible further attention and practice.

Communication

This skill is essential, as it allows students the opportunity to share ideas, both
verbally and in other means, and stimulates collaboration and group-directed
learning.

Perseverance

Creating and designing electronic-based tools and artefacts are a challenge
and present students with the opportunity to hone and develop a never-give-
up attitude. It also imparts determination, which is vital in any technological,
design and scientific endeavour.

Collaboration

EDCR as a subject incorporates a range of skills and indorses an environment
of learning among students with different talent sets. Using each student’s
strengths could promote an ethos of collaboration and harness'geal-directed
development or teamwork.

Abstract thinking

This is the ability to think about aspects and things that-are currently not
present. In the field of robotics, it is related to'symbolic thinkifig'and the
realisation of ideas.

Programming

Programming is a mediumy aliteracy or a form'of communication and
expression. It presents the,rabotics student with a means to explore and
practically experience the/aspects eneapsulated in computation. Programming
involves coding and students need to design and present step-wise solutions
and transform the abstract inte’the symbolic.

Fun

Students engaging-in robotics as a subject are stimulated due to the fun
nature of thé€'subject. The subject can present positive user experiences and
encouragement.

Development of learning and teaching
support materials and teaching strategy

The developers of any learning and teaching support material (LTSM) should
consider the fact that a curriculum statement and syllabus, such as the one
provided here, is made up of various contextual topics and subject outcomes
and therefore should not be used as a table of contents for writing textbooks.
The topics and subsequent numbering of subject and learning outcomes also do
not necessarily indicate the sequence in which material should be presented.
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Knowledgeable subject experts and LTSM developers will logically group
different subject and learning outcomes and will present these in an
educationally sound, coherent and sequenced manner to provide students
with an authentic integrated learning experience. Core competencies and
skills should be presented, covering both the theoretical and the practical

aspects of the subject.

Lecturers should design their own work schedules (or use/adapt the work
schedule provided in the Facilitator’s Guide) to appropriately group and
sequence content, considering comfortable pacing of the curriculum matter.

The subject outcomes (SOs) and learning outcomes (LOs) presented should not
be seen as stand-alone topics, but relevant SOs and LOs or content should be
presented in an integrated manner.

Integration of curriculum content in the lesson presentation should flow
naturally according to the nature, links and overlapping of the content. For
example, some content from one SO and LO may strengthen and underpin the
content of another. This approach should be applied throughout the three-

year curriculum.

It is important that the specific technologies in the teaching plans are
revised at regular intervals to phase out old technologies and include new

technologies.

Main topical areas

The table below illustrates the main topic are@ t CR sug{@@

ELECTRONICS AND DIGITAL CONCEPTS FOR ROBOTICS

LEVEL 2

e SI units and introduction
to atomic theory

* Electrical supply systems,
Ohm’s law, Joule’s law
and related theoretical
aspects

Basic electronic

components and ®®
‘ semiconductors6

Electrical co ents,
symbols drawings,
proto and design
. cgbnic tools and
ipment
\\}Q Digital systems and
principles

Workshop ethics, safe
use of equipment and
operational health and
safety

(o

TOPICAL OVERVIEW

* Magnetism,
electroma circuits
and rela ncepts

« Electrita supply systems,
L@é‘ormers, DC

?\ chines, series-parallel

etworked circuits

 Electronic components
and semiconductors

* Electrical components,
symbols, circuit drawings,
prototyping and design

* Electronic tools and
equipment

+ Digital systems, PLCs and
principles

* Functions

 Strings

* Data structures

\Y

Alternating current
theory

Electrical supply systems,
DC networks

Electronic components
and semiconductors

Electrical components,
symbols, circuit
drawings, prototyping
and design

Digital systems and
principles
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4., Teaching time and offering type

The instructional offering is presented full-time over two semesters spanning
24 weeks (not including assessment).

This is equivalent to the following:
* 24 x(two x double periods of + 1 hour 50 minutes each) + 1 (single period
of +50 minutes)
* 56 hours (+4,5 hours per week) of which:
— 36 hours are instructor-led contact hours (which also include
practical sessions); and

— 18 hours are instructor-led contact hours dedicated to practical
tutorials (on PCs).

* In addition, a further 10 hours per term (i.e. +1,5 hours per week) are
required for students to practice on their own to reinforce and master
practical concepts and skills. (This should be accommodated in open labs
provided by the college.)

5. Resources
5.1 Physical resources

Well-equipped classrooms and workshops are essential for'this practical-
orientated subject. If possible, using the facilities of employers in the electrical
and electronics field for training is preferred.

5.2 Human resources

Lecturing staff must have appropriate electrical and excelectronic engineering-
related qualifications and should possess‘the necessary knowledge, skills and
reflective approach. This to ensure that students’learning is kept up to date
with the latest technologiessand*ehanging treénds in their specialist field.

Continuous staff development with exposure to an industrial environment

is necessary t0 acquire new skills.and update existing skills where new
technologies have been introduced. Lecturers are required to spend a structured
and rgutineperiod annuallyin an industrial environment for these purposes.

EDCRrequires a trained subject specialist. It is preferred that the EDCR
leeturer is an arfisan/technician/technical teacher in an electrical-/electronic-/
digital-relatéd area. Industry-related experience and workshop management
skills aré esSsential and a tertiary qualification in technical teaching is needed.

Thefollowing are required of EDCR lecturers:

»~  Teach the subject content with confidence and flair
* Interact with students in a relaxed but firm manner
*  Manage the workshop resourcing, budget and safety
* Manage the teaching environment

*  Conduct stocktaking and inventory

*  Plan for practical work

*  Plan for theory lessons

*  Conduct weekly practical sessions

* Maintain and service the workshop as a whole
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* Maintain and service the tools and instruments

*  Ensure students’ safety

*  Produce working practical assessment tasks (PATs) and integrated science
and technology (ISAT) projects in cooperation with students

* Carry out internal continuous assessment (ICASS)

* Implement innovative methods to keep the subject interesting

*  Be self-motivated to keep abreast of the latest technological developments

*  Regularly attend skills workshops.

Staff development in terms of updating teaching, learning and assessment
skills is required on an ongoing basis, particularly for staff members who have
moved from industry into the educational environment of an FET college.

Other resources

The college should have funding available to provide the following:

*  Consumables required to perform practical assignments and examinations
* Maintenance of physical recourses

*  Purchasing of new equipment.

In EDCR, students are required to work individually on a computer, during
contact time and they need access to the Internet.

A particular laboratory environment conducive to the preSentation of the
robotics/electronic practical content is also required,

Management plan, infrastructure, équipment and
finance

Colleges must have the infrastructure andd{inances.aswell as a management
plan for the subject to addressithe\féllowing:

» Initial capital layout,foxr setting up a computer and electronics laboratory
with the necessary work'desks andlayout
*  Physical zesources:
—  Lecture room(s)
—4 Training area/Work-area
—\, Ablution facilities
=\ Safe storeroom to be equipped with enough storage space for
consumdbles suitable for storage
- FE@nds, from learning provider or funding bodies, need to be made
available for the procurement of consumables, tools and equipment
to allow the effective operation of a workplace involved in a training
programme — students need to be individually equipped with the
necessary tools
« LTSM:
Learning materials must conform to approved training and industrial
standard requirements and articulate to higher education. LTSM and
resources are needed for both academic and practical aspects of learning,
and include the following:
—  Comprehensive texts for student use as well as for supplementary
reading
— Various robotic kits and electronic equipment
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— Learning materials for projection during lectures

— Facilities to support the promotion of opportunities for research by
both students and lecturers

—  Educational tours to relevant learning venues

—  Educational and motivational talks by members of the industry

— Visual and audio-visual material

— Relevant workshop manuals and documentation

— Models and demonstrations

*  Budget:
— Annual running costs:
>  Breakages and maintenance (regular service plan)
> Insurance
> Internet connectivity

— Sustainability plan:

>  To upgrade or replace equipment every four to five years

> To meet safety standards in terms of electrical points and
distribution boards; surge arrestors should be installed and
electrical work within the computer lab must carry a certificate
of compliance from an appropriate service provider/authority

>  Anti-theft and fire-safety equipment must be installed in the
computer lab

>  For network maintenance and management.

Sustainable support

EDCR is a subject that requires sustained support. The Electrieal‘Technology
workshop requires regular resourcing for the purpose of cofpletion of
practical work as well as maintenance.

Resourcing could be subdivided into the following categories:
»  Safety equipment

* Tools and equipment

*  Consumable materials

*  PAT arnd ISAT resources

« LTSM

* (\Preventative mairitenance

s '\ Maintenance:

Management teams at colleges offering EDCR should take note of the
implications that the electrical/electronic workshop has on the budget of
the/college. While it is common practice to provide a working budget for a
workshop, it is imperative to note that the budget should be structured not
only to cater for the completion of PATs by the students, but also to allow the
lecturer to replenish tools and equipment and acquire consumable materials
for experiments, demonstrations and simulations.

Apart from the PAT and ISAT resources that are needed, the lecturer must also
be allowed to supplement LTSM in the form of posters, models, examples,
videos, periodicals and more.
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This section provides the lecturer with guidelines to develop and implement
a coherent, integrated assessment system for the subject Robotics in the
National Certificate (Vocational) (NC(V)). It must be read with the National
Policy Regarding Further Education and Training Programmes: Approval

of the Documents, Policy for the NC(V) Qualifications at levels 2 to 4 on the
National Qualifications Framework (NQF). This assessment guideline will be
used for NQF levels 2-4.

This section explains the requirements for the internal and external subject
assessment. The lecturer must use this document with the Subject Guidelines:
Robotics to prepare for and deliver the Robotics subject. Lecturers should use
a variety of resources and apply a range of assessment skills in the setting,
marking and recording of assessment tasks.

Assessment in National Certificates (Vocational)

Assessment in the NC(V) is underpinned by the objectives of the NQF.

These objectives aim to:

create an integrated national framework for learning achievements;

facilitate access to and progression within education, training.and career

paths;
enhance the quality of education and training;

redress unfair discrimination and past imbalances and thereby accelerate

employment opportunities; and

contribute to the holistic development of the student by addressing the
following:

— social adjustment and reSponsibility

— moral accountability'and|ethical work drientation

— economic participatien

— nation building.

The principlessthat drivethese objéctives are the following:
Integration - to'adopt a unified approach to education and training that
will strengthen the human'resources development capacity of the nation

Relevance - to be dynamic and responsive to national development needs

Credibility — to demonstrate national and international value and
recognitioriof'the qualification and acquired competencies and skills
Coherence™= to work within a consistent framework of principles and
certification

Flexibility — to allow for creativity and resourcefulness when achieving
learning outcomes, to cater for different learning styles and to use a
range of assessment methods, instruments and techniques

Participation - to enable stakeholders to participate in setting standards

and coordinating the achievement of the qualification

Access — to address barriers to learning at each level to facilitate students’

progress

Progression - to ensure that the qualification framework permits
individuals to move through the levels of the national qualification via
different, appropriate combinations of the components of the delivery
system
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*  Portability — to enable students to transfer credits of qualifications from
one learning institution and/or employer to another institution or employer
*  Articulation - to allow vertical and horizontal mobility in the education
system when accredited prerequisites have been successfully completed
*  Recognition of prior learning - to grant credits for a unit of learning
following an assessment or if a student possesses the capabilities
specified in the outcomes statement
»  Validity of assessments — to ensure that assessment covers the broad
range of SKVAs needed to demonstrate applied competency, which is
achieved through:
— clearly stating the outcome to be assessed;
— selecting the appropriate or suitable evidence;
— matching the evidence with a compatible or appropriate method of
assessment; and
— selecting and constructing an instrument(s) of assessment
* Reliability — to ensure that assessment practices are consistent so that
the same result or judgement is arrived at if the assessment is replicated
in the same context; this demands consistency in the interpretation of
evidence and therefore careful monitoring of assessment is vital
* Fairness and transparency - to verify that no assessment process or
method(s) hinder(s) or unfairly advantage(s) any student; the following
could constitute unfairness in assessment:
— Inequality of opportunities, resources or teaching’and learning
approaches
— Bias based on ethnicity, race, gender, age, disability or social class
— Lack of clarity regarding learning outCome being assessed
—  Comparison of a student’s work withithat of other students based on
learning styles and language
* DPracticability and cost-effectiveness,— tosintegrate:assessment practices
within an outcomes-based education'and training system and strive for
cost- and time-effective,assessment.

Assessment framework for vocational
qualifications

The assessment structurelfor the NC(V) qualification is as follows:

Internal continuous assessment

SKVAs arerassessed throughout the year using assessment instruments such
as projéects, tests, assignments, investigations, role play and case studies. The
ICASS'practical component is undertaken in a real workplace, a workshop
or'a structured environment. This component is moderated internally

and externally quality-assured by Umalusi. All ICASS evidence is kept in a
portfolio of evidence (PoE) and must be readily available for monitoring,
moderation and verification purposes.

Special projects

In addition to the prescribed continuous assessment practicals, fifteen
projects have been included in the Facilitator’s Guide, and fourteen in the
Student Book. According to the NCV Subject and Assessment Guidelines:
Electronics and Digital Concepts for Robotics, NQF Level 24, Implementation
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date: January 2023-2025, page 54, authors should create five projects from the
category of prescribed projects. In addition, five original projects and three
linked with Robotics are required.

The aim of the projects is to allow students the opportunity to experience
first-hand the specific functions of electronic components and enhance their
understanding of electrical circuits, particularly how circuits can be designed
to achieve desired outcomes. Furthermore, the projects aim to assess students’
understanding of the theory covered in this course in a practical way, building
on the basic coding skills and circuit design knowledge developed in NCV2
Fundamentals of Electronics and Digital Concepts for Robotics.

For further consolidation with the Robotics outcomes for Level 3, the four
integrated projects emphasise the link between the two subjects. This
opportunity allows students to see how the knowledge and skills acquired in
separate subjects can be combined to produce more complex results. Please
note that the integrated projects may only be used for assessment purposes in
Robotics Level 3.

Refer to Addendum A where the projects are set out. Note that the projects
should be assigned according to the abilities and learning experience of the
students. The available time and resources should also be considered.

External summative assessment

The external summative assessment (ESASS) is either a single/or a set of
written papers set to the requirements of the subjectlearning outcomes. The
Department of Higher Education and Training administers the theoretical
component according to relevant assessment/policies.

A compulsory component of ESASS istthe integrated summative assessment
task (ISAT). This assessment task draws‘on _the students’*cumulative learning
throughout the year. The taskirequirestintegrated application of competence
and is executed under strictassessment conditions. The task should take place
in a simulated or struetiredienvironment,»The ISAT is the most significant test
of students’ ability to apply their acquired knowledge.

ESASSs will’beyconducted annually between October and December, with
provision made for supplementary sittings.

Moderation of assessment

Internakmoderation

Assessment must be moderated according to the internal moderation policy of
the Technical and Vocational Education and Training (TVET) college. Internal
college moderation is a continuous process. The moderator’s involvement
starts with the planning of assessment methods and instruments and follows
with continuous collaboration with and support to the assessors. Internal
moderation creates common understanding of assessment standards and
maintains these across vocational programmes.

External moderation

External moderation is conducted by the Department of Higher Education and
Training, Umalusi and, where relevant, an Education and Training Quality
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Assurance (ETQA) body according to South African Qualifications Authority
(SAQA) and Umalusi standards and requirements.

The external moderator:

monitors and evaluates the standard of all summative assessments;
maintains standards by exercising appropriate influence and control
over assessors;

ensures that proper procedures are followed;

ensures that summative integrated assessments are correctly administered;
observes a minimum sample of 10 to 25% of summative assessments;
gives written feedback to the relevant quality assessor; and

moderates in case of a dispute between an assessor and a student.

Policy on inclusive education requires that assessment procedures for
students who experience barriers to learning be customised and supported to
enable these students to achieve their maximum potential.

Period of validity of ICASS

The period of validity of the ICASS mark is determined by the National Policy
on the Conduct, Administration and Management of the Assessment of the
National Certificates (Vocational). The ICASS must be resubmitted with each
examination enrolment for which it constitutes a component.

Assessor requirements

Assessors must be subject specialists and should ideally be.detlared competent
against the standards set by the Education, Training and\Development
Practices Sector Education and Training,Authority. {Dthe lecturer conducting
the assessments has not been declared a competént assessor, an assessor who
has been declared competent may be appointed to oversee the assessment
process to ensure the quality and integrity of assessments.

Typesof assessment

Assessment benefitsthe student and the lecturer. It informs students about
their progress andhelps lecturers make informed decisions at different stages
of the learningprocess. Depending on the intended purpose, different types of
assessment’can be used.

Baseline assessment

At the beginning of a level or learning experience, baseline assessment
establishes the SKVAs that students bring to the classroom. This
knowledge assists lecturers to plan learning programmes and learning
activities.

Diagnostic assessment

This assessment diagnoses the nature and causes of learning barriers
experienced by specific students. It is followed by guidance, appropriate
support and intervention strategies. This type of assessment is useful to
make referrals for students requiring specialist help.
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* Formative assessment
This assessment monitors and supports teaching and learning. It
determines students’ strengths and weaknesses and provides feedback
on progress. It determines whether a student is ready for summative
assessment.

+ Summative assessment
This type of assessment gives an overall picture of students’ progress at a
given time. It determines whether the student is sufficiently competent to
progress to the next level.

Planning assessment

An assessment plan should cover three main processes:

* Collecting evidence
The assessment plan indicates which subject outcomes and assessment
standards will be assessed, what assessment method or activity will be
used and when this assessment will be conducted.

* Recording
Recording refers to the assessment instruments or tools with which
the assessment will be captured or recorded. Therefore, appropriate
assessment instruments must be developed or adapted.

* Reporting
All the evidence is put together in a report to deliver,a‘décision for the
subject.

Methods of assessment

Methods of assessment refer to whosearries’out the assessment and includes
lecturer assessment, self-assessment, peer assessment and group assessment.

N\
LECTURER The lecturer assesses st ’ performance against given criteria in
ASSESSMENT different contexts, su{_Q individual work, group work, etc.

N
SELF- Students assess\h%i} own performance against given criteria in
ASSESSMENT different co&{@ ,’such as individual work, group work, etc.

N

‘ONN
PEER Stude agess another student’s or group of students’ performances
ASSESSMENT agai iven criteria in different contexts, such as individual work,
C& p work, etc.

GROUP ’ Students assess the individual performance of other students within
ASSESSMLIIT a group or the overall performance of a group of students against
given criteria.

Instruments and tools for collecting evidence

All evidence collected for assessment purposes is kept or recorded in the
student’s PoE.

The table below summarises a variety of methods and instruments for
collecting evidence. A method and instrument are chosen to give students
ample opportunity to demonstrate that the subject outcome has been
attained. This will only be possible if the chosen methods and instruments are
appropriate for the target group and the specific outcome being assessed.
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ASSESSMENT
INSTRUMENTS

ASSESSMENT * Observation sheets ¢ Checklists * Marks (e.g. %)
TOOLS ¢ Lecturer’s notes * Rating scales * Rating scales (1-7)
* Comments * Rubrics
EVIDENCE * Focus on Open middle: Students answer the
individual students  Students produce the same questions in the
« Subjective same evidence butin  same way, within the
evidence based different ways same time
on lecturer Open end:

METHODS FOR COLLECTING EVIDENCE

OBSERVATION-

BASED
(LESS STRUCTURED)
Observation
Class questions

Lecturer, student,
parent discussions

observations and

TASK-BASED
(STRUCTURED)

e Assignments or
tasks

* Projects

* Investigations or
research

¢ Case studies

¢ Practical exercises
¢ Demonstrations

* Role play

e Interviews

Students use the

TEST-BASED
(MOST STRUCTURED)

* Examinations
» (Class tests

* Practical
examinations

* Oral tests
* Open-book tests

LMPressions same process to

achieve different

results
6.10 Tests 6\0(\

A test could be a practical test (designsand developm [\o.m%lted) ora
written test. The programme of agsessment,should r% a balance between
practical and written tests. Tests ude %Q ook tests.

A test for formal asse not co ise a series of small tests, but
should cover a subs unt of t and the duration should be a
minimum of 6 \O

tes req ire stu &Q o find information and apply knowledge
dents are t on understanding and application of learning

m not on ting. Open-book tests should not include only short
@ S. They I’%l include questions/tasks that will encourage thinking and
ion ma{\@
O For wrij open-book tests, students are required to write longer reflective
rs such as paragraph-type responses to a given scenario. Paragraphs
1d1ng reasons and supporting evidence/arguments are essential.

\
66 For practical open-book tests, students are required to apply a combination of
?“ a series of procedures and techniques to new situations in order to provide a
specific answer or accomplish a specific goal.

Alternative assessment

Alternative assessment is an alternative to standard tests and exams. It
provides a true evaluation of what students have learned, going beyond
acquired knowledge by looking at their application of this knowledge.

——— xviii
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Integrated task/test

An integrated task/test requires students to be able to apply their knowledge
and skills in both the theory and the practical work that was covered. Testing
these types of scenarios include, for example database theory together with
database practical, algorithm with implementation and using a trace table to
debug a programme.

Case study

Case studies are investigations of a real-life situation or simulation thereof.
Data are gathered from a variety of sources and by using several different
methods. A case study requires an in-depth and detailed examination of a
scenario, as well as the related contextual conditions.

Each test, open-book test, alternative assessment task and examination must
reflect different cognitive levels.

Tools for assessing student performance

Rating scales are marking systems where a symbol (such as 1 to 7) or a mark
(such as 5/10 or 50%) is defined in detail. The detail is as important as the coded
score. Traditional marking, assessment and evaluation mostly used gating
scales without details such as what was right or wrong, weak orsstrong, etc.

Task lists and checklists show the student what needs to be,dene. These
consist of short statements describing the expected performance in a
particular task. The statements on the checklistsean‘be ticked off when the
student has adequately achieved the criterion. Checklists and tagklists are
useful in peer or group assessment activities.

Rubrics are a hierarchy (graded levels) oficritéria with-henchmarks that
describe the minimum level oflacceptable performange or achievement for each
criterion. Using rubrics is aidifferent way of assessing and cannot be compared
to tests. Each criteriop/déscribed in the rubric' must be assessed separately. Two
types of rubrics are mainly used, namelythe holistic or the analytical rubric.

Selecting and/or designing recording and
reporting systems

Theselection prdesign of recording and reporting systems depends on the
purpose ofrecording and reporting student achievement. Why particular
information is recorded and how it is recorded determine which instrument
willde used.

Computer-based systems, for example spreadsheets, are cost- and time-
effective. The recording system should be user-friendly, and information
should be easily accessed and retrieved.

Competence descriptions

All assessment should award marks to evaluate specific assessment tasks.
However, marks should be awarded against rubrics and not simply be a
total of ticks for right answers. Rubrics should explain the competence level

Xix F———
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6.14

6.15

6.16

descriptors for the SKVAs that a student must demonstrate to achieve each
level of the rating scale.

When lecturers or assessors prepare an assessment task or question, they
must ensure that the task or question addresses an aspect of a subject
outcome. The relevant assessment standard must be used to create the rubric
to assess the task or question. The descriptions must clearly indicate the
minimum level of attainment for each category on the rating scale.

Strategies for collecting evidence

A number of different assessment instruments may be used to collect and
record evidence. Examples of instruments that can be (adapted and) used in
the classroom include the following:

* Record sheets
The lecturer observes students working in a group. These observations
are recorded in a summary table at the end of each project. The lecturer
can design a record sheet to observe students’ interactive and problem-
solving skills, attitudes towards group work and involvement in a group
activity.

*  ChecKlists
Checklists should have clear categories to ensure that the objectives
are effectively met. The categories should describe hgw the activities
are evaluated and against what criteria they aresevaluated. Space for
comments is essential.

Schedule of assessment

At NQF levels 2, 3 and 4, lecturerswill conduct assessments as well as develop
a schedule of formal assessments thiat will be undertaken in the year. All
three levels also have an external examination that accounts for 50% of the
total mark. The marks allocated to assessment tasks completed during the
year, kept or recorded in a PoE, accqunt for the other 50%.

The PoE and the external assessment include practical and written components.
The practical assessment inPrinciples of Computer Programming must, where
negessary, be subjected;tojexternal moderation by Umalusi or an appropriate
ETQAbody, appointed by the Umalusi Council in terms of Section 28(2) of the
General and Fufther Education and Training Quality Assurance Act No. 58
of2001.

Recording and reporting

The subject EDCR, as is the case for all the other vocational subjects, is assessed
according to five levels of competence. The level descriptions are explained in
the following table:

RATING CODE RATING MARKS %

5 Outstanding 80-100
4 Highly competent 70-79
3 Competent 50-69



II NCV3 Introduction to Electronic and Digital Concepts for Robotics Lecturer Guide “

RATING CODE RATING MARKS %

2 Not yet competent 40-49

1 Not achieved 0-39

The programme of assessment should be recorded in the lecturer’s portfolio of
assessment for each subject. The portfolio should at least include the following:
* Contents page

*  Formal schedule of assessment

*  Requirements for each assessment task

* Tools used for each assessment task

* Recording instrument(s) for each assessment task

e Mark sheet and report for each assessment task.

The college must standardise these documents. The student’s PoE must
include at least the following:

*  Contents page
*  Assessment tasks according to the assessment schedule.

6.17 Specifications for external assessment in EDCR

Background
The NC(V) qualification comprises an internal and 3 1 assessment
component that both have a weighting of 50%. 1 assessment
component is made up of the ICASS tasks only;, whil extern essment
component is made up of the ISAT and an extexna amm or vocational
subjects. \
[ N v 4
COMPONENT WEIGHTING PER WEIGHTING PER
COMPONENT TASK
Internal assessment 50% ICASS 50%
External assessment 50% \0 ISAT 15%
Q\* External examination 35%

ssmen&fb& part of both the ICASS and the ISAT tasks of the
ua 1f1cat1 hile the ISAT accounts for 15% of the final subject
,itisa on standardised practical task, as it is externally set by the
f} e five assessments comprising the ICASS component of the
vocati sub]ects accounting for 50% of the final subject mark are, however,
iI@ﬂally set and therefore vary in standard from one institution to the next.

66\ Two of these five ICASS assessments are practical in nature and make up 50%
V of the ICASS mark, which represents 25% of the final subject mark.

ICASS TASK QUANTITY WEIGHTING OF ICASS

Tests 2 10% x 2 = 20%
Practical assessments 2 25% x 2 =50%
Internal examination 1 30%
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In 2017, the two PATs forming part of the ICASS were standardised to ensure a
uniform standard across institutions and to improve the chances of employment
of NC(V) graduates in the workplace. New subject ISATs were simultaneously
introduced in order to facilitate unhindered progression between NC(V) levels in
accordance with the NC(V) policy on admission and progression.

The NC(V) policy further requires that assessment tasks must be reviewed on
a regular basis to ensure continual relevance, credibility, validity and fairness.
The initial PATs have now been reviewed to assess new curriculum content
introduced in 2019. The two reviewed practical ICASS assessments as well as
the reviewed ISAT contained in this document must be implemented in 2019.

The practical assessments for the ICASS and ISAT tasks are to be implemented
as a series of three practical tasks per vocational subject to ensure that the
practical competencies prescribed per subject are assessed in an authentic
practical context that focuses on applied competence.

Y —

1 ICASS PAT 1
2 ICASS PAT 2
3 ISAT

Purpose and value of practical assessments,to the
workplace

The practical ISAT and ICASS assessments play a central role in'eXpressing

the vocational nature of the NC(V) qualificationyassthey require the
demonstration of the practical application of theoreticakknowledge through
the performance of assessment tasks,that réplicate or'simulate a workplace or
real-life process and/or produet. Performance in these practical assessments
is therefore used by industrysas a measure to.determine readiness of NC(V)
graduates to enter the workplace.

Integrated summative assessment task

A comptulsery component ofithie'ESASS is the ISAT. The ISAT draws on the
students’ cumulative learning achieved throughout the year. The task requires
integratedsapplicatien of competence and is executed and recorded in
compliance withrassessment conditions.

Principles for the conduct of practical assessments

Thefollowing principles are applicable to the conduct of practical assessments:

* Each student must be provided with a copy of a subject assessment
schedule that includes all three practical assessments (see ICASS
guidelines).

* The criteria to be used to assess student performance in a practical
assessment must be made available to the students and be explained
prior to the conduct of each practical assessment.

»  All practical assessments, i.e. performance-based and/or creation of
product/artefact, must be undertaken in controlled conditions under the
direct supervision of the subject lecturer.

| xxii
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* Aninternal moderator must moderate at least 10% or a minimum of five
performance-based assessments during the actual performance.

*  Practical assessments must take place in suitable environments relevant
to the task specifications, e.g. workshop, computer laboratory, simulator
or actual workplace.

National examination

A national examination is conducted annually in October or November by
means of a paper(s) set and moderated externally. The following distribution
of cognitive application is suggested:

Cognitive and difficulty levels of formal assessments

Formal assessments must cater for a range of cognitive levels and abilities of
students, as shown in the table below.

COGNITIVE | TAXONOMY DESCRIPTION
LEVEL

C1 Knowledge, Recall of factual/process knowledge in isolation, i.e. one

remembering step/set of basic steps/instruction/process at a time, e.g.
definitions in the theory paper and known procedures/
algorithms in the practical paper.

It also presents the knowledge of the various theoretical
components and subject content relating to the
composition and design of EDCR-based systems.

These include:

« knowledge about the various cor@&fﬂnts and
constituents of a robot;

 design-related aspect u&f\ 1derat10ns, and
ili

* knowledge of the a ity and application of
formulas.

Understanding, Demonstrates®1s§\erstand1ng of:

applying . steps/ang\iu\hms/processes/ isolatable bits, such

as translating from one form of representation to
ﬁther, e.g. converting a flow chart representation of
Q ogram/program segment to a functional program;
O and

» various components and their applications, uses and

(Q® :
common properties

66 It also requires using known routines/algorithms/

Q processes/design constructs and components in a
familiar context in order to complete a task, where all
of the information required is immediately available to
the student.

Analysing, Requires reasoning/investigation/developing a plan
evaluating, or sequence of steps/algorithms or electronics-
creating related artefact in the form of a component; has some

complexity where students need to see how parts relate
to a whole; organising/putting together component
parts/elements to form a coherent functional whole/
achieving an overall objective and completing a task
could have more than one possible approach.

It could also require weighing possibilities, deciding
on the most appropriate solution, as well as testing to
locate errors/troubleshooting, pattern recognition and
generalisation.
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COGNITIVE | TAXONOMY DESCRIPTION
LEVEL

C3 These questions will comprise actions/strategies/
procedures where students are required to create their
own solutions to challenges they may encounter. These
questions could include analysing questions or data and
decision making.

(continued)

Levels of difficulty (D) are categorised as follows:

D1: Easy for the average student (in relation to the subject levels 2 to 4)
to answer

D2: Moderately challenging for the student (in relation to the subject
levels 2 to 4) to answer

D3: Difficult for the average student (in relation to the subject levels 2 to 4)
to answer

D4: Very difficult for the average student (in relation to the subject levels 2
to 4) to answer. The skills and knowledge required to answer questions
at this level should be included to distinguish among high achievers.

Questions in the formal assessment tasks will assess performance at different
cognitive levels, critical thinking skills, problem-solving techniques and
difficulty, as outlined below.

In judging the level of difficulty of each question, both the d that each

question makes on the cognitive ability of an average ED ent and the

intrinsic level of difficulty of the question or task are,con ed. In making
this judgement, the difficulty or ease of a partlcula on'is identified.

A four-category framework for thinking abo {c&f@cuhy

adapted from Leong (2006) has been used in this 1d t1f1cat10 cess. This

framework comprises the following four ge tegorle difficulty:

*  Content difficulty: This inde
or conceptual knowledge
other content.

»  Stimulus diffic

m ub]ect matter, topic
tly more difficult than

is relates to t sh}‘lglIISth features of the question
and the challe dents fals\é.}n reading, interpreting and
underst estion. \,
¢ Task dif his r %the difficulty that students face when
s fo ulate or@é ce an answer.

d resp &%\hlfficulty: This refers to difficulties because of the
k schem ormarking guidelines, in other words how marks are to be

ocatedg@

Welgﬁi\ ing of cognitive levels and difficulty levels

rs 1 and 2 will include questions across three cognitive levels. The

(\\ilstrlbutlon of cognitive levels in the practical and theory papers is given in

the table below.
COGNITIVE | DESCRIPTION PAPER 1 PAPER 2
LEVEL (DESIGN-RELATED) (THEORY)
Knowledge and remembering 40% 40%
2 Understanding and applying 40% 40%
3 Analysing, evaluating and 20% 20%

creating
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The estimated percentages for each level of difficulty (D) within each
cognitive level (C) are shown in the table below.

M I N T T

+10% +10% +10% +30%
+15% +15% +8% +2% +40%
+15% +7% +5% +3% +30%
TOTAL +40% +32% +23% +5% 100%

Students are required to investigate and analyse problems in a variety of
contexts (such as scientific, technological, environmental and everyday life
contexts) in order to solve the described problems effectively, either via
design and development of a solution or an EDCR-related artefact in Paper 1
or described proposed solutions in Paper 1/Paper 2.

Weighting of cognitive levels and difficulty levels

1 Theory

2 Design related *
Examinations Q
LEVEL PAPER 1 PAPER 2
(THEORY) (DESIGN-RELATED)

100 marks 80 marks 6\0
3 hours 3 hours @
Q
3 100 marks 80 marks \(\
3 hours 3 hours Q\
4 100 marks 80 margs
3 hours

plcs\ig)’ﬁghe exams
N

PAPER 1 PAPER 2
(THEORY) (DESIGN-RELATED)

15% 5%

Weighti
Levelh
Module 1:

&

sm electromagnetic circuits
lated concepts

: Electrical supply systems,
transformers, DC machines, series- 15% 15%
parallel networked circuits

: 20% 25%
semiconductors
Module 4: Electrical components, symbols,
circuit drawings, prototyping and 20% 25%
design
Module 5: Electronic tools and equipment 15% 5%
Module 6: Digital systems, PLCs and principles 15% 25%
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8.1

8.2

8.3

8.4

8.5

Final exam mark
(Mark for Paper 1 + Paper 2)/(combined paper total) x 100

Standardisation and considerations

For educational and training purposes, careful consideration should be given
to selecting tools, components, hardware and software across the curriculum
for the different levels.

The motivation regarding the use of standardised tools and hardware resides
in the following points as it helps ensure:

» fair teaching and learning and setting of fair examination papers, and

*  stability/compatibility during examinations.

In addition, other motivational factors are discussed on the next page.

National exam paper setting

Problems that exam panels can experience if different tools/compaonents/
hardware and software are used with different features and configurations.
The complexities to synchronise the different tools and versioens when setting
practical papers impact on content coverage and cognitive,demand and/or
time required in answering questions.

Marking of exams

Not standardising implies that markersineed to know,€ach of the available
components and if colleges de,not standardise, matking could become very
difficult.

Migration of lecturersand students

Students and lecturers moyingfrom one college to another could be faced
with challenges if they dg not have the necessary prerequisite knowledge or
knowledge/of the new\tools or hardware being used.

Lecturer support

Godd-information and communication technology lecturers are very
scarce and subject support is very specialised. With standardised tools,
lecturer support is less troublesome. This is also true for lecturer training
programmes.

Technical support

This is also made difficult in terms of license agreements, setup, advise, etc.
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WEEK | MODULE TOPICS ACTIVITIES TIME
ALLOCATION

7-10

11-14

Module 1

Magnetism,
electromagnetic
circuits and related
concepts

Module 2

Electrical

supply systems,
transformers, DC
machines, series-
parallel networked
circuits

Module 3

Electronic
components and
semiconductors

Module 4

Electrical
components,
symbols, circuit
drawings,
prototyping and
design

3.3 Bipolar junctio

(ﬁ\@%

1.1 Magnetic circuits

1.2 Electromagnetism

and electromagnetic
induction

2.1 Transformers

2.2 Calculations relating to

transformers

2.3 Calculations using
series-parallel network

circuits

2.4 Calculations based

on the grouping of
electrical cells

2.5 Solar cells

2.6 DC machines

3.1 Calculating the
resistance of a material

3.2 The characteristics

and operation of
semiconductor diode

transistors

and, cation of

tional amplifiers

pSs)

Capacitors in series,
parallel and series-
parallel

3.6 Inductors in series,

parallel and series-
parallel

3.7 How controllers sense

and react to physical
conditions

4.1 Revising basic concepts

4.2 Symbols of electric

components

4.3 Constructing simple
circuits on breadboards

and Veroboard

W@

3.4 The ch ’&”lstlcs

Activity 1.1
Activity 1.2

Activity 1.3
Activity 1.4
Activity 1.5
Summative
assessment
Activity 2.1

Activity 2.2

Practical
activity 2.1

Activity 2.3
Activity 2.4

Practical
activity 2.2

Activity 2.5

Activity 2.6

Summative
assessment

20 hours

40 hours

Activity 3.1 '\0(\40 hours

o

Act‘i(&‘y 2

Q\

Activity 3.3

Activity 3.4

Activity 3.5

Activity 3.6

Activity 3.7
Summative
assessment
Activity 4.1

Activity 4.2
Activity 4.3
Activity 4.4
Activity 4.5

Activity 4.6

40 hours
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WEEK | MODULE TOPICS ACTIVITIES TIME
ALLOCATION

4.4 The composition and  Activity 4.7

design of electric Summative
circuits assessment
15-17 Module 5 5.1 Revision of concepts 30 hours
Electronic tools and covered in NCV2
equipment Fundamgntals of _
Electronic and Digital
Concepts for Robotics
5.2 Using electronic Practical
measuring instruments activity 5.1
Practical
activity 5.2
Activity 5.1
5.3 Use and care of Practical
handheld measuring activity 5.3
instruments Activity 5.2
Summative
assessment
18-20 Module 6 6.1 The use of logic gates  Activity 6.1 30 hours
Digital systems, PLCs
and principles
6.2 Explaining and using  Activity 6.2
logic gates
6.3 Logic design Activity 6.3
Activity 6.4
Summative | (\
assessment \0
TOTAL E© 200

——— xxviii



Module 1

Magnetism, electromagnetic circuits and

related concepts

After students have completed this module, they should be able to:

state and explain the two fundamental laws of magnetism;

define the following terms and use the appropriate formulae to perform
calculations:

— magnetic flux

— magnetic flux density

— magnetomotive force (mmf)

— magnetic field strength;

compare electrical and magnetic quantities;

explain how magnetic fields are produced by electric currents;

explain the principles of electromagnetic inductian;

explain the purpose and composition of a solenoid;

state the laws of electromagnetic induction;

explain the requirements for sketchingsmagnetic field lines;

sketch magnetic field lines around®bar and horseshoe magnets;

apply the right-hand grip or serew rule and Fleming’s left-hand rule to determine the
magnetic field around a cufrentscarrying conductor and a solenoid;

calculate the emf induced imya conductor;

determine the direction of the induced@urrent by using Fleming's right-hand rule
and Lenz's law;

list and explain,the ‘applications of electromagnets;

list the factors affecting theforce of a current-carrying conductor;

calculate the/magnitudecof the force of a current-carrying conductor in a magnetic
field;

calculate the force of attraction or repulsion between two parallel, current-carrying
conductors;

define @mpere; and

explain the operation of a simple DC motor.
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Introduction

Electricity and magnetism are very closely related. They have a mutually
interdependent relationship. Magnetism is a fascinating concept and one of
the most important ones to understand, as it is the building block for several
electrical components, such as transformers and motors. Students have
probably played with magnets. Magnets are easy to use and great fun! One
of the most amazing things about magnets is the way in which they attract
other magnets (or other magnetic materials) from a distance. Magnets and
magnetism are very much part of our lives — round magnets are found in
speakers; magnetic resonance imaging (MRI) is a process that allows doctors
to “see” inside our bodies; and magnetic strips have long been used to store
data. For example, the strip on the back of a credit card stores data to identify
your account.

Activity 1.1 SB page 9
X/ —

/

\j
1. Name the TWO poles of a magnet.

North pole; South pole

2. Isthe following statement TRUE or FALSE?
The greatest attractive force is found at the ends of a magnet:

True

3.  When two magnets are placed near each other; their/fields create-forces that
attract or repel. Make neat, labelled drawings to show theseforces.

4. Define at least ONE basicTaw of magnetism.

Likepoles repel eachother; unlike poles attract each other.

5.9, The diagram below indicates the magnetic fields between two poles of two
bar magnets. Correctly identify the two poles.

-

A = North pole and B = South pole
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6. Write a short definition for magnetic flux.

Magnetic flux (®) refers to the number of magnetic field lines produced by a
magnet perpendicular to a given surface.

7. Write down the formula used to calculate magnetic flux density and state
what each symbol represents.

@
B==%
B = magnetic flux density in tesla (T)
® = magnetic flux in weber (Wb)
A = area perpendicular to magnetic field in m2.
Magnetic flux density is measured in: Weber per square metre (Wh-m2) or
tesla (T).
8. The current flowing through a coil with 125 turns is 25 ampere. Calculate the
mmf of the coil.
(mmf) F =NI
=125 x 25
=3 125 ampere-turns (At)

9. When current flows through a conductor, a magnetic field will be ¢reated
around it. Explain how the right-hand rule can be used to determine the
direction of the induced current.

Hold the conductor in your right hand so that the fingers wrap around{the
conductor and your thumb stretches up. Your fingers will indicate €he direction of
the magnetic field, while the thumb indicates the direction of the‘current flow.

10. The diagram below represents the magnetic fields argund two current-
carrying conductors. In which direction must the currents flow through the
conductors to establish the given'magnetic fields?

Current
Magnetic field
The curpentthrough the conductor on the left will be from the bottom to the top,
and thie'one on the right will be from top to bottom.
/ Activity 1.2 SB page 12
1. Define the term electromagnetic induction.

Electromagnetic induction is the production of an electromotive force (emf) or
voltage across an electrical conductor due to the movement between a conductor
and a magnetic field.
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2. The diagram below shows the apparatus used to determine how an emf is
generated across a conductor when it is moved through a magnetic field.
What do you think the reading will be if the conductor is in the middle of the
magnetic field but stationary (not moving)? Give a reason for your answer.

Conductor

Galvanometer

If there is no movement of the conductor, no emf will be induced. No emf is
induced because the conductor is not cutting any magnetic lines.

3. Name TWO factors that will influence the magnitude of the induced emf
when a conductor moves through a magnetic field.

The magnitude of this induced emf will depend on the speed at which we move
the conductor up or down through the magnetic field as well as the strength of the
magnetic field.

4. Define a solenoid.

A solenoid is a cylindrical coil of wire.

5. Make a neat drawing to show the magnetic field.around a solenoid.

6. Write down Faraday’s TWO laws of electromagnetic induction.

Faraday’s two laws‘0¥electromagnetic induction may be stated as follow:

. An emf edn-be induced in a conductor whenever there is a change in the
magnetic flux linking with the conductor.

. Themagnitude of the induced emf is directly proportional to the rate of
change of the magnetic flux linking with the conductor.

l / Activity 1.3 SB page 22

1. Name the THREE types of magnets.

Natural magnets, permanent magnets and electromagnets.
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What is the magnetic rock that was discovered by the ancient Greeks called?
Magnetite
Briefly explain the term magnetism.

Magnetism is that strange, invisible force of attraction and repulsion between
certain materials.

Explain the difference between the magnetic field around a straight
conductor and a solenoid (coil).

The magnetic field around the solenoid is much stronger than that of the straight
conductor.

Explain the difference between a permanent magnet and an electromagnet.

Permanent magnets: They have all the characteristics of natural magnets but are
made of hardened steel and certain alloys of nickel and cobalt. They retain their
magnetism indefinitely. Permanent magnets can have different shapes, e.g. round,
horseshoe and rectangular.

Electromagnets: These are magnets that are formed when an electric current
is passed through a coil. If current flows, electromagnets will maintain their
magnetism, but as soon as the current is switched off, the coil willlese itS‘magnetism.

List THREE applications of electromagnets.

. Relays and valves

. Electric motors and transformers

. Door bells and buzzers

. Lifting equipment in scrapyards

. Induction cookers

. MRI scanners

. Magnetic locks (Any THREE)

Why are the magnetic field lines more concentrated at the two poles of a
magnet?

Because thexforces of attraction are more concentrated at the poles

Make a neat, labélled drawing showing the magnetic fields around a
horseshoe magnet.
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9. Write down your understanding of the term magnetic field.

The magnetic field can be referred to the area around a magnet where a magnetic
force can be felt.

10. List THREE characteristics of magnetic field lines.

. Magnetic field lines run from the north pole to the south pole.

. Magnetic field lines never cross each other. In other words, the lines running
from one pole to the next will always be parallel to each other.

. The stronger the magnetic field, the closer the magnetic lines will be to each
other.

. Magnetic field lines are continuous. A magnetic line will run from north to
south outside the magnet and the same line will also run from south to north
inside the magnet.

. These magnetic field lines are more concentrated at the poles. That is why
the forces of attraction are stronger at the poles of the magnets than at the
centre. (Any THREE)

11. Define the term magnetic flux density.
Magnetic flux density (g) refers to the number of magnetic lines per unit area.

12. Explain how you will determine the polarity of a solenoid by using the right-
hand rule.

If the solenoid is gripped in the right hand with thefingers pointing in the
direction of the current, the outstretched thumb points te the north-end of the
solenoid.

13. Write down the formula to calculate magnetic field strength.

H-= , Where F_ is the magnetemotive force and{is’'the length of the circuit, or

=N , where N is the numberof'turns, [, thelength of the coil and I the current
flowing through the circuit.

14. With reference to Fleming’s rightshand rule, as indicated in the diagram
below, identify what is represented by the three arrows labelled 1, 2 and 3 in
the diagram.

Current
~ (1 [m
m — e

\9

1 = Direction of the force (motion)
2 = Direction of the magnetic field
3 = Direction of the current
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15. With reference to the diagram below, will the current be flowing into the
page or out of the page?

-— Direction of force

Permanent
magnets

The current will be flowing out of the page through the conductor.

16. The screw rule can be used to determine the direction of the magnetic field
around a straight current-carrying conductor. Redraw the given diagram and
use an arrowhead to indicate the direction of the magnetic field.

Direction of
magnetic field

Direction of current

The magnetic field will be clockwise.
17. With reference to a coil (solenoid), briefly explain the right-hand grip rule.
If the solenoid is gripped in the right hand with the fingers pointingin’the

direction of the current, the outstretched thumb pointsto the northend of the
solenoid.

/ Activity 1.4 SB page 27

1. A conductor of 1425 miinlength is moved perpendicular to a uniform
magnetic field of 0,36 T'at a rate 0112 m/s. Calculate the induced emf in the
conductor.

emf=%

= 0336 x 1,25 x12
=5,4 Volt.(V)

2 With reference to the following diagram, and by making use of Flemings’s

right-hand rule, determine the direction of the induced current in the
conductor.

Direction of movement
of conductor

/
- 7
v 4
C — V4

1Yy
N
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The direction of the current flow will be out of the page.

Direction of movement
of conductor

Magnetic field

7
'/Induced current

3. Define Lenz’s law.

Lenz’s law states that: The direction of the induced current is such that it tends to
set up a current opposing the motion that produced it.

4. With reference to the following diagram, explain the basic operation of a

relay.
Common
Normally closed contact
contact Normally open
Armature /_ contact

Push-button X
switch \6\
Q@
ik -
o o \
_ | Battery

supply

<
\\S\ voltage
0 220-lamp @

——_ supply
T voltage O

O @"ﬁ
L
soon sw1tch is closed, current will flow through the circuit
ene g the coil.
Q nerglsed coil will now attract the L-shaped armature.

Q\A

&\gs the armature is pulled in, it will open and close the switches of the relay
—the normally open switch will close, and the normally closed switch will
open.

5. Give ONE advantage of using relays in circuits.

A relay will allow one circuit to switch a second circuit which can be separate
from the first, e.g. a low-voltage battery circuit can use a relay to switch a 230-V AC
mains circuit.
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6. Give ONE application of a lifting magnet.

Lifting magnets are temporary magnets most used in scrapyards and recycling
plants to move metallic objects from one place to another.

/ Activity 1.5 SB page 33

\j

1. How would you increase the force on a current-carrying conductor?

. Increase the strength of the magnetic field.
. Increase the current flow.
. Increase the length of the conductor.

2. A conductor that is 1,5 m long and carrying 5-A current is placed
perpendicular to a uniform magnetic field of 2 T. Calculate the magnitude of
the magnetic force on the wire.

F=I1lBsin®
=5x1,5x 2 x sin (90)
=5x1,5x2x1
=15N

3. Make a neat, labelled drawing to show the magnetic field around two parallel
current-carrying conductors where the currents are flowing in opposite

directions.

4. Explain why there will be an attractive force between two parallel current-
carrying conductors if thé-current through them flows in the same direction.

The'magnetic fieldbetween the two wires flows in the same direction, hence
creating an attractive force between the two current-carrying conductors, pulling
theém closer’to each other.

5. Calculate the force between two parallel current-carrying conductors, placed
850cm apart, each carrying a current of 25 A in opposite directions. The
length of each conductor is 2,5 m. Take the permeability of free space to be

47 x 107 H/m.
_ Pornr

F= 27r
4w x107x2,5x25x25
B 2w % 3,5
_2x107%x2,5%x25x25
B 3,5

= 8,929 10-° N (repulsive force)
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Define the term ampere.

If two long parallel wires are 1 m apart and each carries a current of 1 A, then the
force per unit length on each wire is 2 x 10”7 N/m.

Name the FOUR main parts of a DC motor.

Armature/Rotor

Stator (permanent magnets)
Commutator

Brushes

The diagram below shows a commutator and brushes. Explain the functions
of each part.

Commutator

Brushes

Commutator: The commutator reverses the current flow within a coil winding
when the shaft turns.

Brushes: They connect the DC supply to the armature/rotor/eoillensuring that
current flows from the supply via the commutator to th¢ coil winding.

Name THREE applications of the DC motor.

Toys

Electric cars

Robots

Pumps

Power tools

Printer

Electricsaircraft

Elevators, etc. (Any THREE)

Summative assessment SB page 34

When(two magnets are placed near each other, their fields create forces that
attract or repel. What will happen when magnets of like poles approach each
other?

Like poles will repel. (1

Write down a detailed definition for magnetic flux density.

Magnetic flux density (8) refers to the number of magnetic lines per unit area.

Magnetic flux density is a vector quantity and is measured in weber per square
metre (Wb-m) or tesla (T). (3)
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3. The flux density of 35 Wh/m? (tesla) is measured over an area of 0,00025 m?.
Calculate the value of the total flux in this area.

=35 x 0,00025
= 8,75 x 103 Wb or 8,75 mWb (3)

4. Calculate the flux density if the magnetic flux in the poles of an electric
motor is 0,4 weber, with an area of 0,02 square metres.

»-?
0,4

B =002

=20 tesla (T) or (Wb/m?) 3)

5. A current of 4,5 ampere is flowing through a coil with 350 turns.
Calculate the mmf developed in the coil.

(mmf) F_ = NI
=350 x4,5
=1 575 ampere-turns (At) 3

6. The soft iron core of an electromagnet is 600 mm long. If the current of
3,5 ampere flows through 500 turns, calculate:

6.1 The mmf produced

(mmf) F_ = NI
=500 x 3,5
=1 750 ampere-turns (At) 3

6.2 The magnetic field strength of thecircuit.

H=1

_500x3,5
“T 06

= 2 916,67/ampere/meters (Afm) 3

7. Make a neat, labelled drawing-to show the magnetic fields around a current-
carrying conductor. Indicate the magnetic field direction as well as the
current direction.

Magnetic field lines

Small compasses

Current-carrying

Direction of conductor

current flow

@)
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8. Name THREE factors which have an influence on the magnitude of an
induced emf.

. The speed at which the conductor is moved up or down through the
magnetic field

. The strength of the magnetic field
The active length of the conductor 3)

9. What can be done to strengthen the magnetic field of a solenoid?

The field strength can be increased by increasing the number of turns in the
coil or by increasing the current through the coil. Wrapping the coils around
a soft iron core will also increase the magnetic field strength. 2)

10. Explain the rule used to determine the north pole of a solenoid/coil.

The polarity of a magnetic field around a solenoid/coil may be determined by

the right-hand rule. If the solenoid/coil is gripped in your right hand with your
fingers pointing in the direction of the current, the outstretched thumb points

to the north end of the solenoid/coil. 4

11. Make a drawing of a simple electromagnet, and briefly explain its
operation.

Iron
nail

Coil of —™

insulated
wire

As soon as etrrent isiflowing thxough the circuit, the soft iron core (the nail)
will beanagnetised and will.act as a temporary magnet. When the current stops
flowing, thewere loses its\magnetic characteristics. €©)]

127 Give'THREE applications of an electromagnet.

. Relays\and valves

. Electric motors and transformers

* Doorbells and buzzers

. Lifting equipment used in scrapyards

. Induction cookers

. MRI scanners

. Magnetic locks, etc. (Any THREE)
3

112
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14.

15.

16.

17.

18.
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Make a neat, labelled drawing of the magnetic field around a bar magnet.

71N

4)
Define Lenz’s law.
Lenz’s law states that the direction of the induced current is such that it tends
to set up a current opposing the motion that produced it. 3)
Explain how the screw rule helps one to determine the direction of the
magnetic field around a conductor.
The direction of current flow and magnetic field lines can also be determined
by comparing it to the action of turning a screw into wood. The direction of
travel represents the direction of conventional current flow and.the direction
of turning represents the direction of the magnetic flux. 3)
Calculate the induced emf in a straight conductor, 40 cm long, moving
through a magnetic field of 0,75 tesla at a velocity of 500.em/s.
emf = %
=0,75%x0,4 x5
=1,5 volt (V) 3)
A conductor that is 25 cmrlengynoves at a velocity of 150 cm/s through
a magnetic field to produce an induced emf of 75 volt. Calculate the flux
density of the magnetic field.
_ emf
B= IxVv
___ s
~0,25%41,5
=200,T (3)
Briefly explain how a lifting magnet works.
When'current starts to flow through the coils of the lifting magnet, magnetic
fields are formed around it, changing it into a magnet and allowing it to pick up
metallic objects.
When current stop flowing through the circuit, the lifting magnet will be
switched off, thus losing its magnetic characteristics and dropping the metallic
objects. 4
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19.

20.

Calculate the force between two parallel current-carrying conductors,
placed 0,025 m apart, each carrying a current of 125 A in opposite
directions. The length of each conductor is 1,5 m. Take the permeability of
free space to be 4w x 107 H/m.

_ Pornr
F= 2nr

4w x107x1,5x125 x 125
- 2m % 0,025

_2x107x1,5x125x 125
- 0,025

=0,1875 N (repulsive) 3)

With reference to the given sketch, briefly explain the basic operation of
a DC motor.

Upward force  Armature/Rotor/Coil

Permanent lav - Permanent
. agnetic .
magnet forming " feld magnet forming
the stator the stator
Commutator Downward force

Brush

A DC motors requires a magnetic field and a current-carryingonductor:
According to Fleming’s left-hand rule, the conductor on thedeft'always
experiences a force in an upward direction, while the conductor on the right
experiences a downward force. In other words, the”DC metorSpins dueto

the interaction between the magnetic field of the permanent magnet.and the
magnetic field of the current-carrying conductor. Hence, a unidirectional

torque is achieved in DC motors. The direction of rotation of'a DC motor can be
changed by simply changing around the‘polatity of the stipply. €©)]

TOTAL: 74



Module 2

Electrical supply systems, transformers,
DC machines, series-parallel networked
circuits

After students have completed this module, they should be able to:

+ explain the principle of operation of a transformer,

+ explain the rating of a transformer;

+ list the advantages, disadvantages and applications of autotransformess;

+ distinguish between different types of transformers and explain refated terminology;

+ explain, with examples, the following electrical supply systems?
— single-phase supply systems;
— three-phase supply systems;

+ sketch sine wave voltage waveforms with different amplitudes and freguencies;

+ explain and sketch phase angle displacement in three-phase suppliés;

+ explain, with examples, the use of different eleetricalSupply systems in South Africa;

+ explain the advantages and disadvantagesiof different electrical supply systems;

+ use the ideal transformer equation to pefferm calculatiens (single-phase);

+ list losses in a transformer and calculateefficiencys

+ explain how three-phase transformers are constpucted;

+ sketch the different transformericonnections‘and identify their uses;

+ use transformer equations toyperform galculations (three-phase);

+ list and explain the methads of cooling used in dry-type and oil-immersed type
transformers;

+ explain the,function of the cénservator, breather and Buchholz relay of a
transformer;

+ calculatestotal resistance, current and voltage drop for given circuits using different
methods;

* sapply Kirchhoff’s laws in electric circuit calculations;

), conduct a\practical circuit experiment to verify calculations within the range;

« demonstrate an understanding of the concept of potential difference (PD);

+ explain the difference between emf and PD;

+ demonstrate an understanding of internal resistance;

+ explain the concepts of voltage drop and current drain due to overload;

+ determine how long a battery will be able to deliver current to a load;

+ demonstrate an understanding regarding the concept of ampere hours using
calculations;



explain concepts such as emf of cells, internal resistance, terminal voltage and
grouping of cells,

perform calculations for typical circuits involving the grouping of cells given practical
examples;

explain the difference between primary cells and secondary cells;

list examples and applications of primary cells and secondary cells;

sketch and explain different types of batteries;

differentiate between renewable and non-renewable energies,

explain how solar energy is converted into electrical energy;

outline the benefits and disadvantages of solar energy;

differentiate between different types of solar cells;

outline the advantages and disadvantages of photovoltaic cells;

compare conventional energy sources to solar energy;

demonstrate how solar panels can be configured as a power source;

explain the term charge controller,

explain the term voltage regulator,

explain how solar panels are rated;

discuss how the position of the sun affects the amount of solar energy that can be
concentrated and stored;

explain the purpose and use of an inverter;

discuss the concepts of kilowatt hour and daylight hour,

explain the purpose of a voltage regulator as part of a solar project;

perform basic calculations to determine how the use of solar celis,combined with
other power sources can be used in projects;

design and build a simple project incorporating solar cells and“ether sources .of
power;

explain the functions of a motor and a generaton

explain the construction of a DC machine;

distinguish between /ap winding and wave winding;

explain armature reaction;

list and discuss types of DC generators;

calculate terminal voltage and\generated emf of-a'generator;

list and discuss types of D€ moters;

list losses in DC machines;

list the characteristics and applications ‘©f DC motors;

explain the purpose‘ef a.DC motenstarter; and

explain how the speed of DCnotors can be controlled.
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Introduction

When dealing with the distribution of electrical energy, we split the system
into three parts. The first part deals with electricity generation, the second
with how the electrical energy is transmitted via high-voltage cables (called
transmission lines), and the third part focuses on how the electrical energy is
distributed to the electricity consumers. The consumers require electricity to
run their machines and equipment, which could either be connected in series,
parallel or a combination of the two.

Activity 2.1 SB page 50
/ y

1.

What is the principle of operation of any transformer?

Electromagnetism

Describe the basic operation of a transformer.

A varying current in the first (or primary) winding creates a continually changing
magnetic field around that coil and hence in the core of the transformer.

This changing magnetic field cuts the secondary winding, inducing a varying
electromotive force (emf), or voltage, in the secondary winding. This effect is
called mutual induction.

What is meant by the classification of a transformer?

Transformers are adapted to numerous engineering applications and may be
classified as follows:

. by power level (from fraction of a watt to many megawatts);

. by application (power supply, impedange matching, circuit isolation);
. by frequency range (power, audio, RF);

. by voltage class (a few valts to‘about 750 kiloyoits);

. by cooling type (air-ceeled)oil-filled, fan-cooled, water-cooled, etc.);

. by purpose (rectifier, arc furnace, amplifier output, etc.); and

. by ratio of themnumber of turns in the coils.

Explain, bysmeans of an example;the difference in construction between a
step-up and step-down transformer.

Thieee is\ng difference-in‘construction. Take a transformer with a turns ratio of
50:3)\Ifitis used witly50 windings on the primary and three on secondary, it is a
step-down tramsformer. If it is used with three windings on the primary and 50 on
the seconddawy, it is a step-up transformer.

Drawa neat, fully labelled sketch of an isolation transformer.

Turns ratio 1:1

AC input AC output




M Module 2 Electrical supply systems, transformers, DC machines, series-parallel networked circuits \}—-

6. Explain, with the aid of a sketch, how a single-phase AC supply is generated.

100V C

135@;’@* 45°_ _ _ _ _ _ _ BT 4>
1800"’ 960/360° A T T T E 225° 270° 315° 360°

. . 0° 45° 90° 90° 18Q¢

. At 0° the conductor moves parallel with respect to the magnetic field and no
current is induced.

. At 45° the conductor moves at an angle with respect to the magnetic field and
some current is induced.

. At 90° the conductor moves perpendicular with respect to the magnetic field
and maximum current induced.

. At 180° the conductor moves parallel with respect to the magnetic field again
and no current is induced.

. At 270° the conductor moves perpendicular with respect to the magnetic field
but in the opposite direction. Maximum current induceds but it flaws in the
opposite direction.

. At 360° the conductor moves parallelwith respect to the magnetic field and
no current is induced.

. This completes one cycle of the generated AC wave,

7. Whatis the phase displacement between the phases in a three-phase
generator?

120°

8. Draw thebasic waveform of athree-phase generated wave.

R Y B

I I > Time
0° 120° 240°

118
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10.

11.

12.

13.
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Explain the difference between amplitude, frequency and period.

Amplitude is the value of the induced voltage or current from the x-axis to the
highest point of the wave. It is also referred to as the peak value.

Frequency is the number of complete waves that pass a fixed point in one second.
Period is the time that it takes to complete one cycle.

What does the term PEN stand for?

Protected earthed neutral

Name the THREE basic power systems as defined by the IEC.
TT system, TN system, and IT system

Name the advantages of the TNS system.

. The TNS power-supply system is safe and reliable, suitable for low-voltage
power-supply systems such as industrial and civil buildings.

. It can be used before construction works begin.

. When the system is running normally, there is no current on the dedicated
protection line.

. There is no voltage on the PE line to the ground, so the zergprotéction of the
metal shell of the electrical equipment is connected to th€ special protection
line PE, which is safe and reliable.

Draw a neat, labelled sketch of the TNC-S system.

® L1
® L2
® L3

*— N
$:/OPE

Equipment

|||—

/ Activity 2.2 SB page 63

A single-phase transformer has 690 turns on the primary winding, which is
connected to a 230;V AC supply. The voltage and current on the secondary
side are 24 V.and 3 A, respectively. Determine:

1.1 The'number of turns on the secondary side

NS VS
Np Vp
N..V,
N =
p Vp

_ 690 x 24
- 230
=72 turns
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1.2 The value of the primary current

L_V.

1V

s p
L xV,

Ip_ v,
_3x24

230

=313,07 mA

1.3 The turns ratio

N, 690

N, 72

s

Ratio is 10 :1
1.4 The voltage per turn on the primary side.
Voltage per turn = % =3V per turn

2. Asingle-phase transformer with a turns ratio of 50:2 is connected to a 240-V
AC supply. A 2-kQ) load is connected to the secondary side. Determine:

2.1 The secondary voltage

=96V
2.2 The value of the secondary current

[ =ve= 98 _ema
sec  RL 2000 ®omm

2.3 The primary current

L_N

I N

s P

I xN,

Ip_ N,
48 mA x2
N 50
2319 pA

2.4\ The power,rating of the transformer

P =4V, =319 mA x 240 = 46 mW
OR:P=1V =48mAx9,6=46 mW

3{>-List the FOUR losses that occur in transformers and briefly explain what is
meant by each type of loss.

. Copper losses: These are losses due to the resistance of the copper wires

. Iron losses: Occur due to resistance and hysteresis of the laminated iron core

. Dielectric losses: If the insulated lacquer layer around windings is damaged
or not sufficient, a small leakage current will flow

. Stray losses: The magnetic fields cut the surrounding metal parts of the
transformer casing

| 20
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Calculate the efficiency of a transformer if the input power is 5 kVA and the
output power is 4,7 kVA.

_ output
T] - Pinput 8 100

4700
=500 * 100

=94%

Explain the difference between the core- and the shell-type transformer.

CORE SHELL

Core is enclosed Windings are enclosed
Three limbs Five limbs

Less weight More weight

Less expensive Higher cost

Low-voltage transformer High-voltage transformer
Coils are easily removed Coils are difficult to remove

Identify the type of three-phase transformer connection shown below.

L1 @ L1

L2 —

L3——

<&
Delta-star O \0\\9

Consider a si e hase ‘ﬁ% rmer with a turns ratio of 84:5 that is
connectec @ 11-kV sup Yo tage. The transformer is connected in star-

o

7. e ent the é%t m by means of a neat fully labelled sketch.

O . Y . ’

L3 L3
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7.2 Calculate the secondary line voltage.

_ VL
Ven =73
_ 22000
V3
= 6,35 kV (Star)
Vsec(ph) — &
Vprim(ph) Np
_ (6 350,85)(5)
Vsec - 84
=378,03V
VL(sec) = VPH(sec)

=378,03V

8. What do we call the cooling method used when a transformer is submerged
in oil and a fan is used to cool it further?

Oil-cooled, air-blast method

9. Give TWO reasons for the use of a conservator tank in transformers.

It provides space for the oil that expands due to heat, so pressure dees not build
up inside the tank. It also serves as a reservoir to ensure there s more than
enough oil in to keep the transformer cool.

10. The Buchholz relay provides two types of protection. Briefly explain this
statement.

Signalling faults — As excess currents flow through the the transforimer, they cause
heat in the windings. This heats up thesil, causing air bubhlés: Some bubbles will
accumulate in the top of the Buchhglz relaypcausing a.fléat at the top of the relay to
drop. Once sufficient air is trapped in the relay it will@ctivate the top mercury tilt
switch and sound an alarms

Short-circuit faults — When a short circuiteceurs, the sudden increase in current
will cause an exceSs of bubbles to be formed. This rush of bubbles will move at high
speed towards the relay and activatethe bottom mercury tilt switch. This in turn
will activate the'mechanism thatdisconnects the supply from the transformer.

N N
‘ 2 Practical activity 2.1 (SB page 71) INDIVIDUAL ACTIVITY
>~ Objective:
Conduct a practical circuit experiment to verify calculations. Use a
breadboard to build a series circuit to test Kirchoff’s laws.

You will need:

*  Three resistors with R, =100 Q, R, =220 Q and R, = 270 O
*  9-VDC supply

*  Breadboard

*  Connecting wires

*  Multimeter with appropriate voltage and current scales. (If you have
access to more ammeters and voltmeters, it will make the process a
little easier. One good meter will do. It will just take a little longer.)

| 22
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Practical activity 2.1 (continued)

Instructions:
Step 1:

*  Connect the power supply.

* Record all the voltage readings.

components.

v

1

*  Construct the series circuit on the breadboard.

The experiment will be conducted in two steps. After each step the results
will be compared to Kirchoff’s laws. In the first step all the voltages will
be measured and in the second step all the currents will be measured.

*  Set the multimeter to the DC scale. Use whatever setting is suitable on
your meter, as long as the voltage setting is higher than 9 V.

*  Check whether the voltage drops around the circuit add up to the
supply voltage. Allow for small variances as all experiments have
inconsistencies due to the tolerance of the resistors, resistance
of connecting wires and resistance of all points where wires join

~
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Ourrecorded readings\were as follows:

VT
B’%\Q 1,524
o b &

\ A

O a | [com (O a | [com

O a | [com

O a | [com

up to the supply voltage.

V.=V, +V,+V,=1524+3,355+4,112=8,991V~9V
(There is a small variance of 0,009 V.)

This proves Kirchoff’s law that the voltage drops around the circuit add
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4 N
Practical activity 2.1 (continued)

Step 2:

¢ Set the multimeter to the current scale. The meter should be able to
measure maA.

*  Remember that, in order to measure current, the wires in the circuit
will have to be disconnected and rewired to allow the ammeter to be
inserted.

* Record all the current readings.

*  Check whether the currents around the circuit are all equal. Once
again, allow for small variances.

XN
6&\' This proves Kirchoff’s law that the current flowing in a circuit is the same
everywhere.

[.=1=1=1,=15101 mA
T 1z s )
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| Activity 2.3 SB page 77

/

You want to listen to the weather report on a 6-V radio. The radio has a total
internal resistance of 50 (). Unfortunately, the only supply that is available is
a 9-V battery. Use your knowledge of Kirchoff’s laws to determine the value
of the series resistor that will cause the correct voltage dividing network so
that the radio can operate without being damaged by a 9-V supply. Supply a
working circuit diagram.

series

radio

Veries= Vo= Voo =9-3=3V

series radio

I - Vradio

6 . . a4
1R - 30~ 120 mA (Current is the same everywhere in a series circuit)

radio

-
_ " series _ 3 _ 25 )

Rseries I ~120mA ~

The following parallel circuit is given. Calculate:

V;=9V R,=1kQ R = 1,5%@ R=7kQ

2.1 The total résistance of the circuit

A
= +Rz+

1
R R

’JU|H

[

\N 1 1
517000 © 1500552 000

R, = 461,54 OM(Remember, the total value is always smaller than the smallest
value.)

2.2 (The total current flowing in the circuit

I =19,5mA

—r__9
R, ~ 461,54

2.3 The current flowing through each resistor.

<

-9 _
L, =R, =Too0 - 9 mA
v, 9
L= =300 = 6 MA
v, 9
I, = = 7000 = 45 MA
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L=1+L+1,
=9mA+6mA+45mA
=19,5 mA

State Kirchoff’s two laws for a parallel circuit.

. The voltage drops across all branches are the same
. The current entering a point is the same as the current leaving a point

A battery’s voltage is measured with a digital multimeter. The first
measurement is taken across the terminals of just the battery. Then a lamp
is connected, and the terminal voltage is measured again. Explain the
difference between the two measurements taken.

Just the battery  emf no load voltage (V)
With the lamp pd load voltage (V)

Why is the voltage drop across the internal resistance of a battery zero when
you measure the emf of the battery?

No current will flow, therefore V, =IxR_=0xR_ =0V

int int

Determine (theoretically) how long a 105-AH battery will be able.to deliver
current to a load at a constant rate of 2,34 A.
_rating 105

Time = T -231° 44 87 hours

Activity 2.4 SB page 91
/ y

Three cells are connected in series. Each'cell has an‘emf of 1,5 V and an
internal resistance of 0,4 (). This new combinatioft is connected to a 10-Q) load
resistor. Calculate the following:

1.1 The emf of the battery
E=e +e, +e,51,5%1,5+15845V
1.2 The total internal resistance

R.\=T +r _&F

it int1 int2 int 3
=04 +0:4+0,4
= 16270

1.3\ (The total current that will flow through the resistor
__E __ 45 _
I T RL + Rim - 10 + 1’2 = 401,79 mA
1.4 The internal voltage drop
V, =IxR_=401,79mAx12=0,48 V

1.5 The terminal voltage of the battery with the resistor connected.

V=1IxR =401,79 mA x10=4,02V
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Three cells are connected in parallel. Each cell has an emf of 1,5 V and an
internal resistance of 0,5 Q.

2.1 Determine the emf of the battery.
E=e =e,=¢,=15V

2.2 Calculate the total internal resistance.

What is the main difference between a primary and a secondary cell?

Primary: Cannot be recharged
Secondary: Can be recharged

Name THREE advantages of a mercury (button) cell.

Any THREE of the following:

. Voltage is very constant until discharged
. Good for low-current applications

. Large capacity for its size

. Long shelf life

Name TWO application for lithium-ion batteries.

Any TWO:
Laptop computers, power tool, inverter batteries, €tc.

What is the part of the lead-acid battery called thatpreventsthe plates from
touching each other and causing internal\short circuits?

Separators
Name TWO advantages/of the lead-acid battery.

Any TWO of the following:

. Low cost:

. Reliable; over 140 years.of development

. Robust;telerant to dbuse

*» W Tolerant to overcharging

. Low internal impedance

. Can'deliver very high currents

. Indefinite shelf life if stored without electrolyte
' Can be left on trickle or float charge for prolonged periods
. Wide range of sizes and capacities available

. Many suppliers worldwide

. The world’s most recycled product.

Why should lead-acid batteries never be discharged to lower than 80% of
their total capacity?

It reduces their lifespan drastically.
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9. Whatis a hydrometer and what is it used for?

A hydrometer is used to test the ratio of the mass of a unit volume of electrolyte
to the mass of the same volume of water. This is also known as testing the relative
density or specific gravity of the electrolyte.

10. Name THREE tests that should be carried out on any lead-acid battery.

. Density test
. Open-circuit voltage test
. Load tests

11. Name the materials of which the two electrodes of a lithium-ion battery are
made.

. The positive electrode is typically made of a chemical compound called
lithium-cobalt oxide (LiCoO,).

. The negative electrode is generally made of carbon (graphite).

12. With the aid of a diagram, explain the discharging cycle of the lithium-ion
battery.

During discharging, the ions flow back through the electrolyte from,the negative
electrode to the positive electrode through the outer circuit, powering your cell
phone, laptop, MP3 player, etc. When the ions and electrons combine at the
positive electrode, lithium is deposited there. When all thie ions have moved back,
the battery is fully discharged and needs charging again.

..... - Load Electron flew
| {Current flow S iy
! Lithidim,ion®
Anode (-) \ Cathode(+)

Separator Electrolyte
(During discharging)

13.\.List THREE advantages and THREE disadvantages of lithium-ion batteries.

Any THREE of the following advantages:

. Very lightweight

. High energy density

. Hold charge for long periods

. Can handle hundreds of charge/discharge cycles

| 28
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No maintenance needed (sealed battery)

A variety of shapes and sizes is available

No memory effect (can be charged even if not fully discharged)

Contain relatively low levels of toxic heavy metals (environmentally friendly)

Disadvantages — any THREE:

Need protective circuitry against overcharge

Start degrading as soon as they leave the factory (two- to three-year lifespan)
Reasonably expensive

Are ruined if completely discharged

Extremely sensitive to high temperatures

Care and maintenance of a lithium-ion battery are important to improve its
lifespan. Describe the care and maintenance of these batteries.

Keep the batteries at room temperature.

For extended storage, discharge a lithium-ion battery to about 40% and store
it in a cool place.

Use partial-discharge cycles occasionally to prolong battery life. (Allow the
battery to run down to 5% once every 30 days.)

Charge the battery often, rather than letting it run all the way down. (If the
battery runs too low, it may die completely.

Use a battery charger that is made for lithium-ion batteries. (When a lithium-
ion battery is fully charged, the charger will adjustfo reduce,the flow of the
current.)

There is no harm in leaving lithium battery-powered devices, such as laptops
or phones, plugged into their chargers, as the charger automatically adjusts
to a trickle charge.

Keep the battery and device away from moisture. e batteries can absorb
moisture, which will eventually damage them

How would you know if'a lithium-ion battery is damaged or about to catch
fire?

Heat
Swelling
Noise
Odour
Smoke

£ )
Practical activity 2.2 (SB page 109) PAIR ACTIVITY

Objective:
Set up a simple circuit to power LED lights using solar chargers.

You will need:
*  Soldering iron
. Solder

*  Stand for soldering iron
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Practical activity 2.2 (continued)

You will need (continued):
*  End-cutting nippers (or side cutters)

*  Connecting wires

* Container (box) to mount the circuit in (waterproof)
*  Battery holder

*  Breadboard for testing and modifications

¢ Components listed below

1 Sw
O_
3V + _| Battery COMPONENT LIST
- D, Diode (1N5817)
R, Resistor (5,6 kQ)
R, Resistor (100 Q)
Switch  SPST
Q, PNP transistor
Solar cell (S8550)
Battery AA rechargable
RZ
Instructions:
1. Use the breadboard to connect the compg
2. Test the operation of the circuit at di nty of the @y and
night. \
N\ Q%\c) Y,
(\\
- O
l / Activity 2.5 Q SB page 110
1. Whatis the difference enewable non-renewable energy sources?
Non-renewable s entual depleted There will be no more
coal, uranium, fia or oil t out of the earth. In contrast, there is an
unlimited of newable sources, like tidal, sun and wind power.
2. vanta@@@f solar energy.
E corr swers
Savmit . Employment opportunities
Guaranteed supply . Peace of mind
power . No installation limitations
3 me FOUR advantages and FOUR disadvantages of PV cells.
ADVANTAGES: DISADVANTAGES:
High reliability High start-up cost
High durability Weather conditions determine the amount of
energy converted
Low maintenance costs Energy-storage equipment, such as batteries

and inverters, are expensive



ADVANTAGES:

Zero fuel consumption

Zero noise pollution
Environmentally friendly

No constant attention required

Independence from national power grid

II NCV3 Introduction to Electronic and Digital Concepts for Robotics Lecturer Guide “

DISADVANTAGES:

Low efficiency

Lack of knowledge and skills among installers
Toxic chemicals are used

Inefficient transmission over long distances

Panels are fragile

Space efficient

Locally available
Explain the difference between a charge controller and a voltage regulator.

Charge controller: It monitors the output of the solar panels and compares it to the
battery voltage. The controller continually adjusts the voltage value to ensure that
the battery receives the maximum current without overcharging it.

Voltage regulator: It allows the charging of the battery at a fixed voltage and
allows a very small variance over a wide range of load and input conditions.

What is meant by peak sun hour?

A peak sun hour is equal to one hour in which the sun’s solar irradiance (sunlight)
produces an average of 1 000 W per square metre.

Determine how many solar panels of 1,7 m x 1 m (co e for power
ratings) would be required to supply a South-Africa d wuh a daily

energy consumption of 28 kWh.

SIZE AREA

1,7mx1m 1,7 m? 120 HC cells (\\ 300-400 W
2,1mx1m 2,1 m? 144 HC cell \Q 350-450 W
23mx1,1m 2,53 m? 132 or‘Q&{C cells  450-560 W
24mx1,3m 3,12 m? 9\\;@‘%‘ 156 HC cells 560-680 W

If you require

e 8

Sunlight =5090 99@ per hour

. 90,91 _
This m ould HQ(G(&W =16,96

ity 2 Ga\() SB page 126

®O

1?\ ate the functions of motors and generators in terms of energy conversion.

An electric motor converts electrical energy into mechanical energy, while a
generator converts mechanical energy into electrical energy.

Name the THREE parts of a DC machine.

. Stator or the yoke
. The rotor
. The commutator
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Label the parts numbered 1 to 10 in the illustration below.

1 1 Terminal box

2 2 Field winding

Z 3 Yokes or stator

5 4  Armature windings

6 5 Interpole
6 Compensating windings
7 Air gap
8 Brush

9 Pole shoes

10  Main pole

Explain the difference in construction between lap and wave windings.

In lap winding, the end of the armature coil is connected to the adjacent
commutator segment, whereas in wave winding the end of the armature coil is
placed in the commutator segment which is some distance apart.

Compare the voltage and power ratings of lap and wave winding.

Lap winding is used on low-voltage, medium power (50 to#500 kW) machines and
high-power machines with power ratings above 500 kW. Wave winhding is used for
high-voltage and low-current machines with power rating,ofdess than 50 kw.

Briefly explain the demagnetising and cross-magnetising effectthat armature
reaction has on motors.

Armature reaction has two effects‘on thé motor:
. Demagnetising effect. It reducesithe strengthhof the main flux

. Cross-magnetising effect: It bends/distorts the main flux line along the
conductor

Name the TWQ main types of DOgenerators.
Separately excited and self‘excited
Draw a‘circuit diagram for a shunt generator.

I

L

Armature

Shunt field

orXrQor
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11.

12.

13.

14.

15.
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Name TWO applications of a shunt generator.

Any TWO of the following:

. Battery charging, because it gives the correct voltage according to the
condition (even when the direction of the current through the battery is
reversed, its polarity does not change)

*  Asan accelerator for the secretion motor and the generator
. Electroplating and other types of electrolysis
. Constant-speed lathe machines

A separately excited generator has an armature resistance of 0,15 ) and
supplies 5 kW at an emf of 240 V. Calculate the current drawn as well as the
terminal voltage (potential difference) across the load.

_P _5000 _
1=y =5 =2083A

V=E-LR, =240 - (20,83 x 0,15) = 236,88 V

Draw a labelled circuit diagram for a series motor.

Series field

Armature

What are the TWO main characteristics of a series motor?

At no load or at light loads, the armatdre current; and therefore also the field
current, is weak. This results in a @angepously high speed and a series motor
should therefore be positively@oupled to the load:

Compare the starting torqueof shunt and series motors.

Shunt motor: dees‘mnot have a high starting torque
Series motor: has a high startingterque

Compare,thesload characteristics of shunt, series and compound motors.

Shuntynotor: The'speed remains relatively constant between no-load and full-load
conditions.

Series mptor: At no or light loads, the speed of the motor is dangerously high and it
should therefore be positively coupled to the load.

Compound motor: The load-torque characteristics are somewhere between those
of a shunt motor and a series motor.

A 240-V DC motor has an armature resistance of 0,85 Q. It is drawing an
armature current of 25 A while driving a certain load. Calculate the induced
emf in the motor under these conditions.

E,. =V-LR =240-(25)(0,85) = 218,75 V

back
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16.

17.

18.

A DC motor has lap-connected armature winding. When connected to a 220-V
DC supply it draws an armature current of 32 A. Calculate the back emf with
which the motor is running. Assume the armature resistance is 0,7 Q).

E,,.=V-LR =220-(32)(0,7)=197,6 V

back

Briefly discuss each of the losses of a DC motor shown below.

Losses in DC
machines

|
v v v v +

Copper Core or Brush Mechanical Stray load
losses iron losses losses losses losses

Copper or ohmic losses are losses due to the resistance of the copper wires used
for the windings. As current flows it causes heat and the losses due to this heat are
known as copper losses.

The core losses are the hysteresis and eddy-current losses. These losses are
considered almost constant as the machines are usually operated at constant flux
density and constant speed. These losses make up about 20 per cent of the full-
load losses.

Eddy-current losses are caused by the flow of circulating currefits induced in the
steel core due to the flow of magnetic flux in the core. Theseurrent induced in the
core of the transformer is dependent on the core material. These losses can be
reduced by using laminated plates.

Hysteresis loss is a heat loss caused by the magnetie properties of the core. This is
caused by the repeated reversal of the magnetic field in the core of a transformer.
Choosing proper core material that ha$wa low, hysteresis coefficient and high
permeability can minimise hysteresis losses:

Brush losses are the losses thatioctur between thé.commutator and the carbon
brushes. It is the power l0ss atithe brush contaet point. As the commutator turns
and moves past the brushes, it/causes friction. The brush drop depends upon the
brush contact veltage drop and the armature current.

Mechanicalllosses arelosses thattake place because of the mechanical operation
of the machines. Mechanicallosses are divided into bearing-friction loss (occur
as_the roter turns in the'earings) and windage losses in the moving parts of the
maching and the aixceirculating in the machine.

Stray losses axé’varied. The following factors are considered in stray load losses.
. The.distortion of flux because of the armature reaction
. Short circuit currents in the coil, undergoing commutation.

These losses are very difficult to determine. For most machines, stray losses are
taken to be one per cent of the full-load output power.

Name TWO applications for each of the following DC motors.
18.1 Shunt excited

Where a constant speed is required, as in lathes, or where a low starting
torque features, as in fans



19.

20.

/
\/'
i(
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18.2 Series excited

For starting motor-vehicle engines, and driving cranes, trains, hoists, lifts,
trolley buses and other electric vehicles

18.3 Compound motors

They are particularly suitable for applications with fluctuating loads, such as
steel rolling mills, guillotines, punch machines and shearing machines. The
practical use of a differential compound motor is limited.

Which THREE factors determine the speed of a DC motor?

. The speed of the motor is directly proportional to supply voltage.
. The speed of the motor is inversely proportional to armature voltage drop.

. The motor speed is inversely proportional to the flux per pole generated in
the field windings.

The speed of a DC motor can be controlled by:

e varying the flux and the current through field winding;

*  varying the armature voltage and the armature resistance;
«  varying the supply voltage.

Briefly discuss the first method. Support your explanation by means, of a sketch.

Due to the field winding, the magnetic flux varies in order_to vary'the speed of
the motor. As the magnetic flux depends on the current/flowing through the field
winding, it can be changed by varying the current thfough the field-winding. This
can be achieved by using a variable resistor in a series with the fieldswinding
resistor.

Rarmature :‘ R\/ariable

field

Supply vieltage

Initially, when«he variable resistor is kept at its minimum position, the rated
current flows through the field winding due to a rated supply voltage. As a result,
the spe€dis kept normal. When the resistance increases gradually, the current
threugh the field winding decreases. This in turn decreases the flux produced.
Thus, the speed of the motor increases beyond its normal value.

NOTE TO FACILITATOR: PROJECTS

The following projects, included in Addendum A, may be considered:
. 1.6 Air-freshener dispenser with a DC motor;

« 2.3 A 9-Vto240-Vinverter; and

+ 3.2 Robot-controlled electromagnet
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_‘ Summative assessment SB page 127

YA

1. Whatis meant by the kVA rating of a transformer?
It refers to how much current the transformer can supply at a certain voltage. (2)

2. Name THREE advantages of an autotransformer over a conventional
transformer.

Any THREE correct answers:

. Only one winding . Smaller

. Less copper required . More efficient for the same VA rating

. Cheaper . Better voltage regulation

e Lighter 3

3. Draw TWO simple waveforms to show the difference between
single-phase and three-phase electrical power. Indicate the phase illustrated by
each drawing.

+Vy R Y B

Single-phase
(2)
4. Three conductors are rotate ithinap nent magnetic field
to generate a three-pha pply. De@ne the induced emf at the angles
of rotation giv& able. \*
A
A A
\\ N o o
Qec) 120°| 120
Q}g\ N 120° >
o
@ s ‘
Qs Lavcrevommon | woveimanr
?\ Red 180° ov
Yellow 120° ov
Blue 240° ov
Red 270° Max negative
Yellow 210° Max positive
Red 90° Max positive (6)
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Use the waveform shown below to answer the following questions:
5.1 Whatis the peak voltage for wave 1 and wave 2, respectively?

Wave 1 =400V Wave 2 =233V 2)
5.2 What is the peak-peak voltage for wave 1 and wave 2, respectively?

Wave 1 =800V Wave 2 =466 V 2)
5.3 Whatis the period of sine wave 1 and 2, respectively?

+V

Wave 1
400 4 =

300+ Wave 2
200 +

100

-100
-200
-300

-400
-V

Wave 1 = 360° Wave 2 = 180° (2)

The electrical supply systems used in South Africa are described'in the table
below. Provide the missing information.

SYSTEM | VOLTAGE MEANING

TNC 230 V/400 V The neutral conduct
are combined throug\) t
conductor, the

system). A
X A 54

\J
TNC-S 230 V/400 V The ea nd neutral can be separated at the back
rea distribution box.

Po

N\
he protective earth
the network in a single
onductor (four-conductor

N
TNS 230 V/400 V {hgsystem strictly separates the working neutral

(Q@» from the dedicated earth line (five-conductor
system).

TT 230 \@ One point is earthed directly (operational earth).
(o> The exposed conductive parts of the electrical
(\ﬁ\ installation are connected to earth lines separate
,\?)'\ from the operational earth.

IQO 230 V/400V/600V  This indicates that the power-supply side has no
working ground. The exposed conductive parts of
» the installation are earthed. (5)

A transformer connected to a supply and a load is shown below. Calculate the
following:
7.1 The turns ratio

N
. p _ 10000 _ 50
Turns ratio _Ns =200 -1

Therefore the ratio is 50:1 2)



M Module 2 Electrical supply systems, transformers, DC machines, series-parallel networked circuits \}—-

| 38

8.

10.

7.2 The secondary voltage

Vs_Ns
V. N
" VN
_ Vs (2400(1)
V=N =750 48V

P

7.3 The secondary current if the load has a resistance of 200 Q.

Primary Secondary
ACZZUF’&"Y side side Load
0 10 000 turns 200 turns
Vsec _ 4;8 _
Lee=®_ =700~ 24mA

load

(3

(3)

A transformer with a rating of 10 kVA and a windings ratio of 50:3 delivers a

secondary voltage of 240 V. Calculate:
8.1 The primary voltage

A\ N
_rP__°P
VS_NS
V.N
__sp
Vp_ N,
_ 240 x 50
3
=4 kV

8.2 The current

P
_ % _10KkVA _
Ip‘vp‘ awy S 2o A

8.3 The secondary current.

_ P 10kva _
L=v="z10 -4LETA

Calculate the efficiency of a transformer if the input power is
10 kVA. Thescopperiand iron losses amount to 190 VA.

P .= P.% lesses
210,000 - 190
=9 810 VA

output

n=7p

%100

inpug

L6810
<510 000 * 100

=98,1%

Name the FOUR types of three-phase tranformer conenctions.

. Star-star

. Delta-delta
. Star-delta
. Delta-star

(3)

3

3

(5)

4
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11. A single three-phase transformer with a turns ratio of 50:3 is connected to a
33-kV supply voltage. The transformer is connected in star delta.

11.1 Represent this information by means of a neat schematic diagram.

V =33 kV :
L —— 203 L1
N
p— L2
L3 L3
3
11.2 Calculate the line voltage on the secondary side.
_ VL_33000_
Voy =733 =19,05 kv
Vsec(ph) — l
Vprlm(ph) Np
_ (19,05 kV)(3)
Vsec - 50
=1,14 kV
V, =V, =114kV
12. Which type of protection device used in transformers is t en too
many gas bubbles are released due to excessive hea
Buchholz relay (D
\
13. Name the parts of the transformer numbered 1 n the Q@é‘ram below.
\M
\\\0
Main oil tank
2. Buchholz relay
3. Conservator tank
4. Breather 4
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14. Calculate the voltage drop across each resistor as well as the supply voltage
for the series circuit shown below.

V,=IxR, = (1,8 mA)(240) = 432 mV ‘ v, =V,
V,=IxR,= (1,8 mA)(270) = 486 mV
V, =IxR,= (1,8 mA)(300) = 540 mV ‘

1

T

T

I=18mA T

R,=240Q

R,=2700Q

R,=300Q

+VZ+V3

=432 mV + 486 mV + 540 mV
=1,46V

(8)

15. Use the information provided in the circuit diagram below and cal€ulate the
following:

R,=100Q [R,=1500Q

1

|

15.1 The total resistance of the circuit

15:2 Thetotal current flowing in the circuit

v, 9

IZEZM=183,34ITIA

15.3 The current flowing through each resistor.

BN

I:

2

Al B2 F=

I:

3

S0
= 155 = 90 mA

-9 _
—150—60mA

S0
= 555 = 33,33 MA

‘ L=L+L+1

R,=270Q

=90 mA + 60 mA + 33,33 mA

‘ =183,33 mA

16. Define Kirchoff’s TWO laws for a series circuit.

. The current flowing in a series circuit is the same everywhere.

. Voltage drops around the circuit add up to the supply voltage.

| 40

(3)

(2)

8

(2)
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17. Draw a neat circuit with THREE resistors in series.

17.1 Show how one would connect ammeters to measure the
current flowing everywhere in the circuit.

® v | |
®

<
]
O
I
e}

HH

X

—(H

4)
17.2 Show how one would connect voltmeters in the circuit to measure the
voltage drop across each resistor.

L;T

_|<
I
O
|‘||<
Il
N;U
[ ]
| | 1 |

4)
18. What type,of voltage-is measured in the circuit below? Explain your
answer: (2)

V=92V

| +

Open-circuit voltage. No load is connected to the battery.
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19.

20.

What contributes to the internal resistance of a battery?

. Internal connections between cells
. Internal resistances of the connecting wires to the terminals
. The resistance of the electrolyte between electrodes. 3)

20.1 Represent the following circuit by means of a neat sketch:
Three cells, each with an open circuit terminal voltage of 1,6 V and
an internal resistance of 0,25 (), are connected in series. The system is
connected to a 20-Q load.

20.2 Using the information given in 20.1, calculate the following:

&

il
RHUE
ez +
R"”E R,=20Q
-
Rint3
(2)
(a) Open-circuit terminal voltage
E=e +e,+ef=164%1,6+1,6=48V 2)
(b) Thedtotal resistance of the battery
Rint = I‘intl * rimZ + 1‘int3
=0,25+0,25+0,25=0,75 Q )
(c) The current that will flow through the load
] it 575 =023 A0r 231,32 mA 3)
(d) The voltage drop across the internal resistances
V_ =IxR_=231,32mAx0,75=0,17V 3)
(e) The closed-terminal voltage.
V=IxR =231,32mA x20=4,63V 3
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22.

23.

24.

25
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A battery that cannot be recharged is classified as a ... battery.
primary )

Give two applications of each of the following type of batteries.
22.1 Mercury

Watches, calculators, cameras, hearing aids, etc.
22.2 Alkaline
Radios, calculators, camera flashes, etc.
22.3 Carbon-zinc
Torches, radios, etc. (6)

The sketch of a lead-acid car battery is shown below. Name the parts
labelled A to J.

A - Terminal posts E - Seperators

B - Cell connectors G =Case

C—Cells H=Partitions

D - Plates I- Cover

E - Electrolyte ] —Vent caps (5)

Name THREE disadvantages of the lead-acid battery.

Any THREE correct answers:

*  Very heavy'and bulky.

. Danger of overhéating during charging
. Not suitablefar fast charging

. Typical eycle life is 300 to 500 cycles

. Mustbe stored in a charged state once the electrolyte has been introduced
to avoid deterioration of the active chemicals. 3)

Why do consumers generally prefer a sealed lead-acid (SLA) battery?

This construction is designed to prevent electrolyte loss through evaporation,
spillage and gassing, and this in turn prolongs the life of the battery and eases
maintenance. Instead of simple vent caps on the cells to let gas escape, SLA
batteries have pressure valves that open only under extreme conditions. )
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26.

27.

28.

29.

30.

31.

Which instrument is used to test the relative density or specific gravity
of the electrolyte in lead-acid batteries?

Hydrometer (1
What is meant by an open-circuit test for batteries?

An open-circuit voltage test entails measuring the voltage across the terminals

of the battery when no load is connected to the battery. The purpose of the
open-circuit voltage test is to identify the electrical potential capability of the
battery. (2)

Why should lithium-ion batteries not be disposed of in household rubbish
bins?

Lithium-ion batteries contain metals such as cobalt, nickel and manganese,

which are toxic and can contaminate water supplies and ecosystems if

they leak out of landfills. Additionally, fires in landfills or battery-recycling
facilities have been attributed to inappropriate disposal of lithium-ion

batteries. ()

Draw a table to compare the advantages of renewable energy to non-
renewable energy.

RENEWABLE RESOURCES NON-RENEWABLE RESOURCES

Cannot be depleted over time Will be depleted over time

Sunlight, wind, tidal, geothermal, hydro Coal, natural gas, uranium (nuclear d

oil ,\G)\
Low carbon footprint High carbon footprint Q@
The upfront cost is very high The upfront cost is IQQ(\\

O\ .

Infrastructure required is expensive Infrastructure(gqh{red is more cost-
initially effective K\‘(\
Sometimes require large area of land Cor@@ﬁvely less land area is needed
(wind and solar farms) «O )

Explain howssglar ‘energy is converted into electrical energy.

When the sun shines ontethe’panel, energy from the sunlight is absorbed by
thephotovoltaic cellsdn the panel. This energy releases electrons that move in
response to an intérnal electrical field in the cell, causing electricity to flow. (2)

Explain the difference between monocrystalline and polycrystalline cells.

Monocrystalline: Made using thin slices of single crystals (called wafers)

Rolycrystalline: Made of different silicon crystals that are melted and poured
together 2)
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32. Show, by means of a simple sketch, how PV panels can be connected
in series and in parallel, respectively, to match load requirements.
Name each sketch.

® + 18V
®— 3A
+ - + -
Solar Solar
panel panel
6V/3A 6V/3A 6V/3A
Solar panels connected in series

T ®+ 6V
® — 9A

+ —_
Solar
panel

+ —_
Solar
panel

O
&©
6V/3A 6V/3A V/3AQ8\
Solar panels connected in parallel ? \Q\\ @
- N
33. Discuss how the position of t ects thb\\&lount of solar energy that

can be concentrated a in pane]%\e

yN ed wh\ess)tmoe sun is at 90°, i.e. perpendicular to
su

moveéng the sky, the angle changes and the
es. It would bé'perfect if we could “track” the sun and adjust
the pa& that they are always perpendicular to the sun,
uld be very e pensive. In South Africa a north-facing house not
unded by tr ill have a better chance of efficient energy conversions,
ending % angle of the roof. 4

\ @)
\Q@t is an inverter?
O

D
66 An inverter is an electronic device that converts the DC power from the
?‘ battery into 240-V AC power.

34.1

34.2 Name TWO different types of inverters?

Modified sine-wave and the pure sine-wave inverters 3)
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35. Determine how many solar panels of 2,4 m x 1,3 m (consult table for power
ratings) would be required to supply a South-African household with a daily
energy consumption of 28 kWh.

1,7mx1m 1,7 m? 120 HC cells 300400 W
21mx1m 2,1 m? 144 HC cells 350450 W
23mx11m 2,53 m? 132 or 156 HC cells 450-560 W
24mx1,3m 3,12 m? 132 or 156 HC cells 560-680 W

If you require 28 kWh daily use:

28 000

Sunlight hours: =5090,91 W per hour

. .5090,91 _
This means you would need: 560 - 9,09

Thus 10 panels are required 4)

36. Identify the parts labelled A to G in the sketch of the rotor below.

A -Fan muta \"
B - Shaft %— Carbpg\&ush
C - Armature $ B@over
D — Bearing \\S\e (7
37. Fillin the mls&t com plﬂ&le table below. Write down the letter
followed b ing infor

BASIS FOR A - LAP WINDING WAVE WINDING
COMPARISON

< Definition x e oil is lapped back to the B - The coil of the winding forms
\(\ llo

wing coil. the shape of a wave
Conne The end of the armature coil The end of the armature coil
0 is connected to an adjacent is connected to commutator
\\ segment on the commutators. segments some distance apart.
\
?\6‘ Parallel path C- The number of parallel paths The number of parallel paths
is equal to the total of number is two.
poles.
Other name Parallel winding or mulitiple Two-circuit or series winding
winding
emf Less D - More
4)
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38. By means of a simple sketch, show the shift in the neutral plane
due to armature reaction.

Original neutral plane Resultant
neutral plane of
flux - new plane

waw T
+ If Y If
4)
39. Make use of THREE simple sketches to show the difference in connéction
between the following types of generators:
39.1 Separately excited generator
IL
+
L
Armature 2
D
(2)
39.2 Series generator
Series field™y 1
Armature
(2)
39.3 Shunt generator.
IL
+ o
] L
Armature € 2
=
= D
- wv
(2)
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40.

41.

42.

43.

44.

A separately excited generator has an armature resistance of
0,15 O and supplies 5 kW at an emf of 240 V. Calculate the terminal voltage
(potential difference) across the load.

_P _5000 _
1=5=%15 = 20,83 A
V=E-LR, =240 (20,83 x 0,15) = 236,88 V (6)

Draw a neat current-versus-speed graph to show the difference in
characteristics between a series motor and a shunt motor. Name each graph.

Speed
Speed

I I

a a

Series Shunt 4)

A DC motor has lap-connected armature winding. When conneeted to a
240-V DC supply, it draws an armature current of 35 A. Calcilate the'back
emf at which the motor is running. Assume the armature resistance is 0,8 Q.

Epac = V-LR, =240 - (35)(0,8) = 212V 3)

The table below shows the differences in applications for shuntyseries and
compound motors. Match the application in COLUMN B with the relevant
motor in COLUMN A.

COLUMN A COLUMN B

\\
43.1 Shunt excited A Particularly suitable fi lications with fluctuating loads such
as steel rolling mills Iotines, punch machines and shearing

machines. The p‘r&@al use of these motors are limited.

43.2 Series exited B Is used w] \éonstant speed is required, as with lathes, or
where starting torque features, as with fans.
1
43.3 Compound CI '@}Xd for starting motor vehicle engines, driving cranes,
c‘&ns, hoists, lifts, trolley buses and other electric vehicles.
431 B 43.2 C 43.3 A 3

DC variable-speed drives have a number of benefits compared to conventional
speed'control using gears and pulleys. Name THREE advantages.

Any THREE of the following:
. Increased energy efficiency and cost savings

. Eliminating the need for expensive mechanical drive components
. Increased motor longevity

. Minimised risk of motor damage during motor start-up

. Reduced opportunity for power-line disturbances that can lead to motor
damage. 3)

TOTAL: 200



Module 3

Electronic components and
semiconductors

After students have completed this module, they should be able to:

+ explain resistivity;

+ state the factors that influence the resistance of a material and perform calculations;

+ explain the temperature coefficient of resistance;

+ distinguish between positive, negative and low temperature coefficients«ef
resistance;

+ perform calculations to determine resistance;

+ explain the operation of diodes and their applications;

+ explain the effect of temperature on diode characteristics;

« compare the characteristic curve of various semiconductor didde materials;

+ use diode specification sheets;

+ describe the basic structure and operation ofsbipolar junction transistors;

+ calculate the current of a bipolar junctionstransister;

+ explain the circuit configuration of bipelar junction transistors;

* indicate the rating of the componefits,by. means of the physical markings on them;

* use bipolar junction transistog specification sheets;

+ describe the operation of a’bipelarjunction transistor as an amplifier;

+ explain the concept, composition; functioning and purpose of an op-amp;

+ sketch the circuit symboliof an op-amp;

+ identify the differentitypes of op-atnp’packages;

+ list the importantparameters of an op-amp;

+ list and¢xplainthe applications of op-amps;

+ describe a capacitor inrterms of its related properties;

+ @xplain how a capacitor can store charge;

+ list.common types of capacitors;

» explain ang\calculate capacitance, charge, electric field strength and energy stored in
a capaditof;

+ calculate total capacitance as well as the charge on and potential difference across
each capacitor when capacitors are connected in series, parallel and series-parallel
circuits;

+ explain inductance, self-inductance and mutual inductance;

+ calculate energy stored in a magnetic circuit;

+ calculate the value of emf induced in a coil;

« |ist the factors that affect the inductance in an inductor;



+ calculate total inductance in series, parallel and series-parallel circuits;

+ explain the concept and purpose of electronic controllers;

+ list examples of controllers and their purpose;

+ differentiate between a controller and a transducer;

+ list the requirements when selecting a transducer; and

+ identify and explain how instruments can be modified to act as sensors for an
electronic controller.
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Introduction

In this module students will continue to learn about electronic components
and semiconductors. These components are vital to the functioning of many
devices commonly used today and to the development of robots and robotics.

/ Activity 3.1 SB page 139

/

1.

/

Which FOUR factors determine the resistance of any material?

. Its length: the longer the conductor, the higher its resistance

. Its cross-sectional area: the thicker a conductor, the lower its resistance and
the thinner the conductor, the higher its resistance

. The material of which it is made (specific resistance): different conductors
have different resistivity values, hence their resistance will change accordingly

. Its temperature: the hotter it is, the higher the resistance, and the colder it is,
the less the resistance.

Calculate the resistance of a copper conductor that has a cross-sectional area
of 20 mm? and a length of 1 km. Consult the table for the specific resistance of
copper.

€=1km=1000m and A = 20 mm? = 20 x 105m?

RA (1,72 x 10%)(1 000)
P="¢ = 20 x 10°¢ =0,86 Q

Explain the terms PTC and NTC.

PTC: Abbreviation for positive temperature coefficient; as the temperature
increases, so does resistance (directly proportional)

NTC: Abbreviation for negative temperatureicoefficient; as-the\temperature
increases, resistance decreases (inverselyjproportional

A copper conductor has a resistance of 12,6 (yat room temperature (20 °C).
Calculate the resistance of the copper wireat 115 °C.

AT =T2-T1 =115+ 20 95.:2€
R. =R, (1 +a AT)=12,6 (1+0,00386%95) = 17,22 O

/ Activity 3.2 SB page 149

1.

Identify the following components:

1 Andde | | Cathode 1.2 a=Anode  c=Cathode
P-N diode Zener diode
1.3 Anode {>{ | Cathode 1.4  Anode ] Cathode
Varactor Tunnel diode )
1.5 / 1.6 \>‘
Anode [\| Cathode Cathode| |  Anode
L1 - N T
Light-emitting diode (LED) Photodiode
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Name THREE applications of a varactor diode.

Any THREE of the following:

. RF (radio-frequency) circuits . Frequency multipliers
. Tuning filters . Parametric amplifiers
. Voltage-controlled oscillators (VCOs)

Which diode can be used to regulate the output voltage of a power supply?
Zener diode

What does the abbreviation LCD mean?

Liquid-crystal display

Which segments in each of the illustrations below must be illuminated to
represent the number 27,5?

@
i

oe)
(@]
-

A —— A
B —1+— @ B—1+— H

D——3+— D—{—1+—
E—1—— X G E——— X G)
F—r 71— F—r+—|
G— 11— C G—[1—
DP——+— DP——+—

o

:
A— [@

= |

A—1

B ——1— B—1—=

C—/——3— ¢ —]——

D ———1+— D=1

E——7— X G E

F——— F——1—

G——— C G —3

DP——— DP— 1+ :
O @)

1st display A,B, G, EYD 3rd display DP
2nd display A B, C 4th display AF,GCD

Give THREE applications of seven-segment displays.

Any THREE of thefollowing:

. Digital-clocks . Basic calculators

. Eléctronic meters . Microwaves

. Virtually any electronic devices that display numerical information.

What is the purpose of a photodiode?

Photodiodes convert light energy into electrical energy.

Explain the term thermal runaway.

In semiconductors, heat causes more electron-hole pairs to be generated, which in
turn increase current flow. This increase in current generates more heat and the
cycle repeats itself until the diode draws excessive current.
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9. Name TWO safety precautions to follow when working with diodes.

Any TWO of the following:
. Never remove or insert a diode into a circuit with the voltage applied.
. Never use force to loosen them from their circuits.

. Always be careful when soldering to ensure that excessive heat is not applied
to the diode.

. When testing a diode, ensure that the test voltage does not exceed the
maximum allowable voltage.

. Be careful when you handle a signal diode because the static charge from
your body could cause a short.

. Always replace a diode with one of the same type.

. Ensure a replacement diode is connected into a circuit in the correct
direction.

10. Identify the diode based on the characteristic curve shown below.

Peak Negative  Conventional
point resistance diode

A region current
X —M

5 s s
L : :
3 i |
o : 1
T : :
s i i
o ' '
i 1 i

E E &
------------ bommmmmemeeoo 2o Valley ‘6
~ i i point \\6
B K - ) 'Forward voltage.~
Tunnelling \Q
Y current . (\’b-
~> AN
\ @
Tunnel diode \

A\ o

11. Use the data she ner di @\&hown below to answer the questions that

follow >

ELECTRICAL CHARACTERISTICS \AT 25 °C, UNLESS OTHERWISE SPECIFIED)

ZENER TEST CURRENT REVERSE REGULATOR
VOLTAGE LEAKAGE - CURRENT
CURRENT 0

1N4728A 3,3 76 1 100 1 10 400 1380 276
1N4729A 3,3 69 1 50 1 10 400 1260 252
1N4730A 39 64 1 10 1 9 400 1190 234
1N4731A 4,3 58 1 10 1 9 400 1070 217
1N4732A 4,7 53 1 10 1 8 500 970 193
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11.1 Select a Zener diode that will regulate a 4,3-V output voltage.
1N4731A

11.2 What is the maximum allowable surge current that a 1N4729A can
handle?

1260mAor 1,26 A

/ Activity 3.3 SB page 163

“—

1. Copy the transistor shown below.

1.1 Label all the terminals.

Collector
Base

Emitter
1.2 State the type of transistor.
NPN

2. Copy the circuit diagram shown below and indicate the direction of the
collector, emitter and base currents.

3.7 The current flow in the emitter of a transistor is 100 mA and that causes a
current flow of 1,28 mA in the base of the transistor. Determine the size of
the collector current.

IE = IB + IC

=11, =(100x 10) - (1,28 x 10~ = 98,72 mA
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Identify the THREE transistor configurations shown below. Motivate your
answers.

41 E C
o Common base:
The base terminal is
Input é é B Output common to the input as
well as the output
O
4.2
C
B .
Common emitter:
The emitter terminal is
Input E common to the input as
Output well as the output
O O
4.3
C Common collector:
B 0 The collector terminal is
utput common to the input as
Input E well as the output
O

Draw the concept circuit diagram, as well as the input and output waveforms,
for the common emitter configuration.

Common emitter input and output waves:

Give ONE application for each of the follawing types of amplifiers:
6.1 Common emitter

Any ONE ofthe following:

. Class#A low-nopise*amplifiers

. Low-frequency voltage amplifiers

. Linearainplifier applications

. Radio-frequency circuits (for example to amplify faint signals received

by an antenna)
D Amplifiers for power amplification

6.2 Common base

This amplifier is used for high-frequency applications (RF amplifiers) because
the base separates the input and the output, minimising oscillations at high
frequencies.
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6.3 Common collector

. As an emitter follower

. An impedance-matching device

. Buffers as used in digital circuits with basic logic gates
. Current amplifier in power amps

. Isolation amplifier

Copy the transistors and label the terminals.

TIP31A

TO18 TO3 TO218

TO39 TO220
. ol

B TIP31A
BCE
TO18 T03 10218
TO39 TO220

From the data sheet for transistors (Figure3.20), identify a PNP transistor
that would be able to handle)a collector current of 100 mA. For safety, allow
twice the maximuim amount of the current given as a safety margin. If the
required transistor is not available, identify a possible substitute.

BC178 or BC478

Draw.a heat circuitfor a single-stage transistor-amplifier circuit. Clearly
showywhere theinput is applied and where the output can be taken from.

R
| 11.2kQ

N
S

5 =
1
I

O

V=12V
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10. Explain the purpose of each of the components in the circuit drawn in answer
to in Question 9.

L/

R, and R, - voltage dividers to bias the transistor’s V,
R, - limit current flowing through the transistor. (The value of R, determines
the maximum current flowing through it.)

R, and C_ - controls thermal runaway so that the transistor does not burn out
due to an increase in current flowing through the transistor.

Transistor — to amplify the input signal

C, —blocks the DC from +V .. so that it does not reach the input and interfere
with the input signal.

C, - blocks the DC from +V .. so it does not reach the output and interfere with
the output signal.

Activity 3.4 SB page 170

\J

1. Draw the IEC symbol for an operational amplifier.

+Vsunply
Inverting input \
: VOUI
Non inverting —— +
input /
-V
supply,

2. Name THREE operational amplifier packages.

Dual-supply, single-supply and rail-to-rail packages

3. Name THREE characteristics of an ideal op-amp.

Any THREE of the followings

Infinite open-logp gain (AV ="x)

Infinite inputimpedanee (Zin = %)

Zero output impedance (Z_ =0)

Infinite common-mode rejection ration (CMRR= )

Very high stability

Slew Tate is infinite

Infinite bandwidth (amplifies both AC and DC signals without any loss in gain).

4. Identify the op-amp configuration shown below and draw the input and
output\waveforms. Clearly show the phase relationship between them.

out

Non-inverting op-amp



” Module 3 Electronic components and semiconductors I}

Q‘vf Input wave

Output wave -
amplified and in
phase with the
input wave

5.  Which op-amp configuration should be used to mix a number of inputs to
produce a single output?

Summing amplifier
6. Discuss the shape of the input and output waves for a differentiator.

The input wave is a saw-tooth wave and it it is converted into a square/rectangular
wave.

\/I Activity 3.5 SB page 180

1. Why s a capacitor referred to as a passive component?

It relies on current flowing through the circuit. If itis n by an external
source, it cannot generate current.
&
2. What determines the amount of charge a capacitor can stor%\c)
N
. The size of the parallel plates (th ig@yplates’ {Q@Qﬁgger the charge)

. The distance between the plates er the tsQé%nce between plates, the
smaller the charge store ,\\(\

. The type of dielectri

3. Copy the table&v\ n cox{,a’fég it by identifying each of the

components

N

CAPACITOR SYMBOL | COMFONENT IDENTIFICATION

( 4{ };gee polarised
@ Variable
Q E 6\\\00+ Polarised
w1l

)\ Preset
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4. With reference to capacitors, explain what the graphs shown below represent.

4.1

4.2

Battery
voltage

————————————— 112V

Time in seconds

Max circuit currentf - = = = = = = = = — — — — — e

Time in seconds

0

The graphs represent a capacitor being charged.

4.1

4.2

The graph shows the voltage. Over a period the voltage increases. It starts
charging rapidly and then it gradually levels out until the voltage of the
capacitor equals the supply voltage.

Current spikes to maximum and then, as the capacitor chargeweaches
maximum, current decreases. When the capacitor is fullys€harged, zero
current flows.

5. Briefly explain the difference between the following'capacitor types:
ceramic, electrolytic, plastic film, silver-mica, tantalum:

Ceramic - uses a ceramic dielectric, has a low lossfactor arid a reasonable
level of stability

Electrolytic — highest levels of capacitance for a given volume; uses
electrolyte-soaked paper as a dielectric; used iri’polarised capacitors
Plastic-film capacitors=different'types, e.g.\polycarbonate, polyester and
polystyrene; normally non-pelar

Silver-mica —ghanufactured by plating silver electrodes directly onto the mica
film dielectriqusing,several layers

Tantalum % verysmall; uses.a’ film of oxide on tantalum; low working
veltages (35V is normally the maximum) and some even have values of
around‘enie volt; polarised.

64 Three capacitors.are connected as follows: C, and C, are connected in parallel,
and this comhbination is then connected in series with C,. The combination
is connected across a 12-V supply. Answer the following questions if the
capacitor values are: C, = 150 uF, C, = 400 uF and C, = 300 uF.

6.1

Represent the circuit by means of a neat sketch.
C,= 150 pF
C,=300 pF

59
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6.2 Calculate the total capacitance.

C,, = C, +C, = (150 x 10) + (400 x 10) = 550 puF

_C,xC, 550 uF x 300 uF

Cr=¢_ +C, 550 pF + 300 pF - 19412 pF

6.3 Calculate the total charge the combination can store.

Q,=C,V, = 194,12 uF x 12 = 2,33 mC

/ Activity 3.6 SB page 185

4 /

\J

1. Define Lenz’s law of electromagnetism.
The induced current always opposes the applied current.
2.  Whatis the difference between self-inductance and mutual inductance?

Self inductance — when the magnetic field of the coil cuts the coil itself, thereby
inducing a current

Mutual inductance — when the magnetic field around one coil cuts a se¢ond coil,
inducing a current in that coil

3.  Which factors would influence the inductance of an inductor?

. The number of turns in the winding
. Cross-sectional area of the wire (thickness)
. The core material

4. Three inductors are connected in parallel. Fhe values'of the inductors are
100 mH, 450 mH and 220 mH, respectively. Calculate the total inductance of
the combination.

1_1.1,1__ 1 1 1
L7L "L, 7L, T 100% 107 6,450% 10° | 2209107
L, = 59,64 mH
Activity 3.7 SB page 191
/ y

—

1.5, What is a controller?

An_ eléctronic device that uses electrical signals to perform receptive, comparative
and-corrective functions

| 60
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Copy the block diagram and label all the blocks to show the different types of
controllers.

PI controllers

Continuous

_>
controllers

PD controllers

Controllers PID controllers

Discontinuous

> controllers

Give TWO examples of controllers used in industry today.

Any TWO of the following:

. PLC (programmable logic controller)
. Cruise control in vehicles

. Variable speed drives

. Refrigeration systems

. Washing machines

. Automatic traffic-light system

Explain the basic working principal of‘a transducer by following the given
block diagram.

>

Input > Process \ ~  Output

device device device

The input device willireceive a quantity, normally non-electrical. This is converted
to an electrical quantity and,passed on to the process device. The process device
will then'modify the quantity to an acceptable format for display purposes.

Name , THREE resistive transducers.

Any THREE of the following:

Resistarice strain gauge, resistance thermometer, thermistor, resistance
hygrometer, photoconductive cell

Give THREE applications of capacitive transducers.

Any THREE of the following:
Displacement or pressure, music, noise or speech, liquid levels and thickness
gauging
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7. What type of transducer would the following be?
7.1 Differential transformer
Passive-inductive transducers
7.2 Photoemissive cell (.
NOTE TO
: s FACILITATOR:
Passive-photosensitive transducers *
P PROJECTS
8. On what principle does a crystal transducer The following projects,
work? Explain this basic principle. included in Addendum A,
) . ) may be considered:
It works on the piezoelectric effect. The electric . .
) . , « 1.1 Fading LED lights;
voltage produced by the piezoelectric transducer is .
. , . « 1.5 Simple cell-phone
linearly varied to applied stress or force. If the ends .
. . detector using an op-
are squashed together, a potential will appear across
. . . . amp; and
the terminal, and if the ends are pulled in opposite L
. . . . 2.1 Continuity tester.
directions, the polarity will reverse.
Summative assessment SB page 192
1. Explain how current flow is affected in a good conductor and a poor
conductor, respectively.
. Good conductor: Low resistance, therefore high*eurrent flow
. Poor conductor: High resistance, therefore low curfent flow 2
2.  Whatis meant by the term rho?
It is the Greek letter p and is used to express'the resistivity of a conductor.
To ensure a standard, each matérial is assigned a.specific resistance by
comparing a unit cube offeachymaterial (1 m-x7l m x 1 m) and it is expressed in
ohms per metre cubed (@/m?) (3)
3.  Why is copper most commonly used’in electrical cables if it is not the best
conductoxr’available’to us?
Silver is the Best conductor, but it is expensive. Copper is far easier to mine
and\preduce, and it @osts much less. (¢))]
45, An aluminjuin-conductor is 400 m long and has a diameter of 10 mm.
The resistivity of aluminium is 2,83 x 10-%. Calculate the resistance of the
cable,
A= mir? = w(5)? = 78,54 mm? = 78,54 x 106 m?
_pl (2,83 x10%)(400) _
R=A="78sax10c 0140 ©)
5. A tungsten conductor has a resistance of 15,2 () at room temperature

(20 °C). Calculate the resistance of the conductor at 120 °C.

AT=T,-T,=120-20 =100 °C
R, =R, (1+a AT)=152 (1 +0,00495 x 100) = 22,72 O @
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6. Draw neat IEC symbols for the following diodes.

6.1 LED /
Anode | | Cathode

6.2 Tunnel diode Anode 7 Cathode
6.3 Zener diode a=Anode  c=Cathode
6.4 Photodiode \

Cathode | | Anode

— N+
6.5 Varactor Anode {>{ | Cathode

| )

Write only the question number and the matching letter.

N\
COLUMN A COLUMN B

7.1 LED A. Regulation of power supplies

7. Match the diode in COLUMN A to its most correct purpose in COLUMN B.

7.2 Zener B. Bridge rectifiers '\0(\
7.3 Varactor C. Power indicato@‘
7.4 Photodiode D. Voltage-coQ@lled oscillators
7.5 P-N diode E. Light@gt?ctors
\$' QO
71C 72A 73 7.5 %\e (5)
xO

8. Identify the c@and the %(l%linals labelled A and B in the figure
below. ,&Q

@® 0@66@:2 A
QQ‘ e
X

9.?~ Consider the abbreviation LCD.

9.1 What does the abbreviation stand for?
Liquid-crystal display (@)
9.2 Name the advantages of the component.

They are thin, light and draw little power. 2)
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10.

11.

12.

Name THREE applications of the seven-segment display.

Any THREE of the following:
. Digital clocks

. Electronic meters

. Basic calculators

. Microwaves
Virtually any electronic device that displays numerical information.

3)

Explain thermal runaway with reference to transistors.

Heat causes more electron-hole pairs to be generated, which in turn increase
current flow. This increase in current generates more heat, and the cycle
repeats itself until the diode draws excessive current.

4)

Draw a neat current-versus-voltage characteristic curve to show
the difference between the following:

12.1 Silicon-germanium P-N diode

Forward
current

'

Reverse voltage : :

e ' Forward voltage
v,
sl 5
(w] C
= (40
7 E
()
O Reverse

P-Ndiode Y current

Silicon-germanium R*N diode

12.2 Varactor diode

Varactor

Varactor

4
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13. Redraw the symbols for the following NPN and the PNP transistors and label
the terminals correctly.

NPN PNP
Collector Collector
Base Base
Emitter Emitter
(2)
14. Copy the circuit diagram shown below and indicate the direction of the
collector, emitter and base currents.
il
R, Re
VL
C pp—
B
E T
R
? +VCC
R, Re
-V
el 1
B p—
J S
L E —
R, =T+1 +VCc
3
15. .Draw‘aheat concept circuit for a common-emitter transistor circuit clearly
showing the input-and output waveforms.
_O
C
:| Output
O
@)
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16. Name the THREE characteristics of the common-emitter transistor
configuration drawn in answer to question 15.

Any THREE of the following characteristics:
. Average input impedance (+1 k()

. High output impedance (10 kQ)

. High voltage gain (+300)

. High current gain (+100)

*  Very high power gain (+30 000)

. Phase shift between output and input is 180° (output wave is out of phase
with input wave). (3)

17. Copy the two common transistor packages shown below and label the
terminals correctly.

D () -8

TO18 TO3 TO8 TO3
TO39 TO39

(2)

18. The circuit diagram for a biased, single:stage class A transistor amplifier is
shown below.

V=12V
% RT3 2k
20 kQ U '
C, SR
VOUt
y )
Vin
)

18.1 Explain the operation of the circuit for the positive half cycle only.

During the positive half cycle:

. The input signal is superimposed on V, (the voltage across R,).
Superimposed means “to put on top of 7, so 0,3 V on top of 0,9 V will
addupto1,2V.

. V, increases.

. V,. increases (because V, is parallel to V, ).

| 66
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20.
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. The transistor becomes more switched on, so it becomes more like a
closed switch.

. The output voltage decreases, so it will drop from 6 Vto 0O V. 4

18.2 Draw the input and output waveforms for the amplifier to show the

phase relationship between them. 2)
40,3 [t |
0 Input signal
-0,3 |------ \/
12 i '

Output signal

Copy the eight-pin IC given below and then number all the legs.

(2)
What type of supply does an op-amp use if it has the ability to operate
normally even if the input voltage swings from V , to V_? In other words, it
can operate over the full supply voltage range.
Rail-to-rail supply D
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21. Identify each operational-amplifier circuit shown below and match it to the
correct input and output waveforms. You can simply match the numbers and

letters, e.g.

CIRCUIT DIAGRAM INPUT VERSUS OUTPUT WAVEFORMS

1D.

211 I_

21.2

21.3

211 A
21.2 D
21.3 B
214 €

22. Draw ameat concept circuit diagram of an operational amplifier used as an

Voltage follower
Inverting amplifier
Non-inyerting amplifier
Sumining amplifier

oS
RS

A

Input wave

Output wave in
phase with the
input wave

le Input wave

i Output wave -

i amplified and in
phase with the
input wave

i Output wave = the
algebraic sum of the

out of phase with @
input waves Q@

qut wave

the input wave

integrator. Show the input and output waveforms.

¢

— .

| 68

ll—¢

+V

ov

-V
+V

'
'
_________ [,
1
'
'
'
'

i input waves but 180°0’§\

Output wave - a
amplified and 180°
out of phase with

- Input voltage V,,

~+ Qutput voltage V

(8)

(6)
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23. Whatis a parallel-plate capacitor?

A capacitor consisting of two parallel conductive plates that are separated by
an insulator material called the dielectric. The dielectric material prevents the
flow of current between the two plates. )

24. Copy and complete the table below by drawing the IEC symbols for each

capacitor.
CAPACITOR CAPACITOR CAPACITOR CAPACITOR
SYMBOL IDENTIFICATION SYMBOL IDENTIFICATION
Unpolarised Polarised

| Al
Variable /j/ Preset ))\
A |

A

)

25. Draw TWO neat graphs to show the relationship between voltage and
current in a capacitor.

Battery

12V
voltage

Capacitor voltage rises
from OV to 12V 0
maximu
C O
Time'in second{é
0 Q@
Max circuit current . N,
A\
spikes g\

en rops fr

to zero(\\(\
\\S\@

Time in seconds

@Q )

26. E@ erence een the charge of a capacitor and its electric field
O Charge rge (Q) stored in a capacitor is the product of its capacitance
@ @(@ Voltage (V) applied to it. The capacitance of a capacitor should

ys be a constant, known value. So, we can adjust voltage to increase or
ecrease the capacitor charge. (Q = CV).

Q N

6 Electric field strength: The ability of a capacitor to store energy in the
form of an electric field (and consequently to oppose changes in voltage)
is called capacitance. It is measured in the unit of farad (F). A voltage
applied between two conductive plates creates a uniform electric field
between those plates. The electric field strength in a capacitor is directly
proportional to the voltage applied and inversely proportional to the
distance between the plates. 4
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27.

28.

29.

30.

31.

32.

33.

Three capacitors are connected as follows: C, and C, are connected in
parallel, and this combination is then connected in series with C,. The
combination is connected across a 24-V supply.

27.1 Determine the total capacitance if
C, =100 pF, C, = 200 uF and C, = 400 uF.

C,, =C, +C,= (100 x 10-) + (200 x 10-) = 300 uF

C,*C; 300 pF x 400 pF

C1 =, +C, ™ 300 uF + 400 uF

= 171,43 uF (6)
27.2 Determine the total charge this combination can store.

Q,=CV,=171,43 pF x 24 = 4,11 mC 3)
Give THREE other names for an inductor.
Coil; choke; reactor 3)

Why can mutual inductance not take place if the primary winding is
connected to a DC supply?

It needs a continually changing magnetic field to cut the secondary windings

and induce a current. A DC supply creates a constant magnetic field, which

means no field lines are cutting the secondary winding, therefore netinducing
any current. )

Inductor one has a value of 50 mH, inductor two has a value of 120 mH and
inductor three has a value of 80 mH. Calculate thetotal inductance if they
are connected in:

30.1 Series

L,=L, +L,+L, =50 mH + 120,mH + 86,mH = 250 n{H 3)

30.2 Parallel.

1_1.1.1_4 4 1 1
7L, "L, " L¢T S0 *a0°. 120 x 10°% .80 x 107
L. =24,49 mH (3)

Whichgelectronic device uses electrical signals to perform receptive,
comparativeand corrective functions?

A'controller @
Controllers-are divided into two categories. Name them. 2)

. Continuous

»~  Discontinuous )
Explain the difference between a controller and a transducer.

. Controller: An electronic device that receives various electrical inputs and
performs an instruction based on how it has been programmed.

. Transducer: An electronic device that converts energy from one form to
another. The process of converting energy from one form to another is
known as transduction. 2)
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34. Draw a block diagram to represent a typical processing system.

Input > Process

device

> Output

35. A table for passive transducers is shown below. Complete the table by
providing the missing details.

RESISTIVE TYPE TRANSDUCERS - PASSIVE TYPES

TYPE OF
TRANSDUCER

Resistance-strain
gauge

Resistance
thermometer

35.3 Thermistor

Resistance
hygrometer

Photoconductive
cell

36. Explain the difference

cell.

. Photo-emi
phot 0

35.1 Resistance of wire

to elongation or

applied

Resistance wire with a
high positive temperature
coefficient; changes with a
variance in temperature

Resistance of certain metal
oxides with a negative
temperature coefficient
changes with a variance in
temperature

Resistance of conductive
material changes with a

incident light

nissi surface ‘39
her Seco
oto- eI% ive surface.

device device
(3)
OPERATING PRINCIPAL APPLICATION
Measurement of force,
changes when subjected torque or displacement.
compression due to
external stress being
35.2 Measurement of
temperature and radiant
heat
Measurement of
temperature
35.4 Relative humidity
variance in moisture content 6\0
35.5 Resistance of cell changes PhOtOSGnSltL{?&
with a variance in
&
Q ®)
C to- GMIQ{& cell and a photomultiplier
lectron smn w111 occur due to incident light on
ry electron emission will occur due to incident
)

the te al, and if the ends are pulled in opposite directions, the polarity

the effe (&crlbed below.
@ e end crystal are squashed together, a potential will appear across

Q w% erse.
?@Plezoelectrlc effect

1)

TOTAL: 125



Module 4

Electrical components, symbols, circuit
drawings, prototyping and design

After students have completed this module, they should be able to:

read and draw the symbols of the following electronic components:

— resistors and potentiometers

— capacitors (polarised and non-polarised)

— inductors

— transformers

- relays

— diodes (rectifier, high-speed, Zener, light-emitting),

— integrated circuits (regulators, analogue op-amps)

— transducers/sensors

- op-amps

— transistors

— DC motors;

sketch, label and interpret elementarygcircuits;

build simple series and parallel cir€tiits @n breadboards and Veroboards as per
design, using basic soldering techniques;

calculate the outcomes of.the builtwifcuits;

verify the outcomes using appropriate meters;

mount a given rangé of components onto'a breadboard and connect them to a
circuit;

describe different electric circuit combinations using various components and
configurations'within the given range;

explainithe principles\ofcoperation for a combination of resistors;

sketch circuit diagrams based on the information supplied, using IEC symbols;
use,appropriate'\formulae to calculate voltages, total resistance and currents in all
the circuit pranches;

apply Kirchhoff's laws in electric circuit calculations; and

conduct practical circuit experiments to verify calculations.
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Introduction

To work in the field of electricity and electronics, you must be familiar with
the different electrical components, their symbols and their applications.
You will encounter many circuit diagrams. From time to time, you might also
be required to build circuits on a breadboard, Veroboard or printed circuit
boards (PCB). It is therefore important that you can read and understand
these diagrams. In this module, you will encounter many of the concepts
covered in NCV2 Fundamentals of Electronics and Digital Concepts for Robotics
as we return to the building blocks of the subject. New concepts will also be
introduced. You have already revised the calculation of voltage, resistance
and current in circuits in Module 2. Here you will again practise these basic
calculations and build circuits to verify the solutions.

Activity 4.1 SB page 198

The aim of this activity is to test your knowledge regarding the work covered
previously.

1.

Sketch the symbol used to indicate each of the following electrical components:

1.1 polarised resistor 1.2 non-polarised resistor
— i
1.3 NPN transistor 1.4 general-purpose diode
c Anode Cathode
(+) ©)
B
E

Make a neat, labelled drawing'ef.each of the following circuits:
2.1 Three lamps conngcted'in parallel to.an’open switch and a battery

& o

Switch

—— Battery @

Lar?1p1 Lar;1p2 Lamp 3

2¢2 Series circuit consisting of a coil, LED, resistor, open switch and battery

e

Switch Coil
Resistor |:|
+
% Battery
LED
AV
¥
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3. Give a short description of an electric circuit.

An electric circuit can be described as a combination of various components

connected together to form a continuous path allowing current to flow through it.

4. By drawing a simple circuit, show how two resistors in parallel can be
connected to a battery.

& 15

| +

IE

5. Withreference to the circuit in the figure below, identify all the components
used.

22 kQ +12V 680 kQ

25C732

. 2 x NPN transistors
. 1 x potentiometer
. 1 xLED

. 2 x resistors

6. Describeywhyan IC hasto be connected as indicated in the figure below.

00000¢(
O OOOOC

oo o
oo OOOOOC
. m o
[eXeJoXe} 00000¢g
000000000000000(
000000000000000(
000000000000000(
00000000000 0000(
0006660000000 000000000¢
0000000000000 00000000¢

ICs must always be connected across the centre open piece — one row of IC pins
on one side and the other row on the other side. It will prevent the IC pins from
shorting out.

—174
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A flashlight uses a 6-V battery and its bulb has a resistance of 120 (). Calculate
the amount of current that will be drawn from the battery when the
flashlight is switched on.

Schematic diagram

~ 120
=0,05A

Calculate the total resistance of a circuit when three resistors are connected
in parallel. The resistors have a value of 100 Q each.

700 * 700 * 100
=0,03

R,=33,330

Calculate the total capacitance of the circuit in the'figure below.

3 10 pF

—e

i
5%
€),=5pF
So:C,=C, +C,
=5+10
=15 uF
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10.

11.

12.

| 76

With reference to the figure below, calculate the total inductance of the
circuit.

4H 20H
o 4115 * 411
L, L,
Le 7H L, % 12H
Lg L,
o 4115 . 411
8 H 10H

L234 = LZ + L3 + L4

=20+12+10
=42 H
Then
1 1 1
L2346 - L234 * LG
1.1
=2t
=0,167
L2346 = 6 H
and
I“T = L2346 + Ll + LS
=6+4+8
=18 H

Three resistors of 5 (1, 6 ) and 13,(), respectively, aré.¢connected in series
across a 12-V supply. Calculate;

11.1 The total resistance’of the\circuit
RT = Rl + RZ P R3
=5+6+13
=24 Q)

11¢2, The current drawn from the supply
RT = Rl + RZ X R3
=412 +15
£310
Define Kirchhoff’s voltage law.

Kirchhoff’s voltage law states that the sum of the voltage drops across the
resistances of a closed circuit equals the total voltage applied to the circuit.
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SB page 205

\/| Activity 4.2

1.

Identify each of the electrical components according to the IEE symbol used

to indicate it in an electrical circuit:

1.1 Q_F_Q 1.2

Potentiometer

1.3 ]/_ 1.4

PTC-thermistor

1.5 +V 1.6
Non-inverting
input
. VOU(
Inverting
input
-V
Op-amp

1.7 1.8
¥ : : -

DC motor

1.9 //

A7

Variable resistor/rheostat

Transformer

S

Inductor (fixed)

\

T

Relay

SB page 205

Compl Oﬁ}e table below by providing a neat drawing of the IEC symbol that is

use&each of the listed components.
COMPONENT

SYMBOL

E.g. Capacitor (non-
polarised)

Fixed resistor

Variable resistor

il
o

A7}
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COMPONENT SYMBOL
Polarised capacitor D I
+
Non-polarised capacitor I I
Potentiometer
Variable inductor /
— L / |
/
Fixed inductor L
Relay

General-purpose diode Anode Cathode
(+) )

LED | // |
O
O
Anide | | Cat:odee’ﬂg\
(+) (-{Q
PNP transistor \\<\
BQ;
A\
\0\ ¢

NPN transistor @Q C
> |
%6\
Z
O ‘

o
IC-regulator \(\ﬁ\ 1— LM7805 [—3
Q) Input | Output
=
&® 2
6 Ground

Erermistor

Transformer @
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COMPONENT SYMBOL

Op-amp +V

Non-inverting
input o— +

Inverting o— -

input

DC motor

\/I Activity 4.4 SB page 210

1. Draw the following circuits using the correct symbols for all the listed
components:
1.1 Series circuit consisting of a coil, LED, resistor, open switch, and a battery

—o/ o W *
Switch Coil Q

Resistor

+
% Battery

« N
>
LED
&
@O <56\
<
O \(\@(\Q Resistor |:|
@ ,a\c’ 9-V battery
o\ + -
X \30 | ‘ l
\\ I
P |
Lo ”
1.3 Simple power supply consisting Transformer I

of an AC supply, a transformer, ¢
a diode, and a resistive load
AC @ E
supply

A
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1.4 Circuit consisting of three lamps connected in parallel to an open switch
and a battery

o o

Switch
—— Battery @

Lamp 1 Lar;pz Lamp 3

1.5 Circuit consisting of three lamps, an open switch and a battery
connected in series

Switch
e
Lamp A
— Battery
Lamp B
Lamp C
I / Activity 4.5 5B page 210
1. Draw the IEC symbol for each of the following electrgnic components:
1.1 Fixed resistor 1.2 Polarised capacitor
=
1.3 Relay 1.4 “EED
| KS
{ Anode Cathode
(+) ()
1.5 PNP transistor 1.6 Transformer

xau 3

25y Electric circuits can be divided into five main groups. Name them.

. Open-circuits

. Closed circuits
. Short circuits

. Series circuits

. Parallel circuits

| 80
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3. Write down the three main components of a basic circuit.

. Energy source;
. Electrical components; and
. Continuous current.

4. Make a simple drawing of a parallel circuit.

Parrallel circuit

(Any correct representation of a parallel circuit)

5. Identify all the components used in the following circuit.

| ( .
AN [@
C

| +

Vi =
GND
1 x DC motor 1 x non-polarised capacitor 1 x battery

6. Identify the components numbered 1-5 in the cireuit diagram below.

l > o0—O0 12\
1
! ] shept
o A
e—/ 3 SZ N s
! I |J__ )
T 1
-4
1/ Relay 2.  NPN transistor 3. 8-pin IC (integrated
4. Resistor 5. Diode circuit)

7. AThe following symbol represents an op-amp. Name the parts labelled 1-3.

+V
1
3
2
-V
1. Non-inverting input 2. Inverting input 3. Output
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Make a neat, labelled drawing of the following circuits:
8.1 A battery in series with three resistors

R

1

| +

8.2 A battery, an open switch, a resistor and an LED connected in series

1K

Switch §

XX
S LED
N

8.3 Three resistors connected in parallel to a battery and an open switch

9V
2l

]

Switch\,

With reference to the circuit below, will the lamp be on or off?
Give areason for your answer.

'
g

The lamp will be off, because there is a short circuit between the two terminals of
the battery. No current will flow through the lamp.
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SB page 222

Activity 4.6

&L

Identify the component illustrated below and state what it is used for.

1.

A breadboard. It is used to prototype and test electrical circuits before they are

built.

Use a neat, labelled sketch to show how you would connect each ofithe given

2.

ts onto the breadboard.

circui
21

2.2

o
N

DC motor

Resistor H

LED

9-V battery
+
I

SWitch\)O

©00000000000000060000000000000
©00000000000000000000090000000

©000000000000000000 )
©c00g0000000000000

|
¥

©0o0o0gooooo00000000
000

]

Resistor

70000
Coil

\,&\5 itch

Lngz

Battery

\<><

+

G
v“é\&

AN

83
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3. 3.1 With the aid of a simple drawing, show how an IC must be connected
onto a breadboard.

0oo00o000000

ooo

ooo

000000000000 00 000000
00000000000000009000000
oooo ooo G}

%OOOO 0000000000000

§§ %% OOOOOOOOOOOOOOO;OOOOOOO

3.2 Whyis it so important to connect an IC onto a breadboard the right way?
If it is connected any other way, the legs of the IC will short out one another.
4. Explain the difference between a breadboard and Veroboard.

Breadboard: A breadboard is a rectangular, plastic board with holes to which
electrical components and connecting wires can be connected. Underneath the
plastic top, there is an arrangement of connectors that connect the holes in a
specific way. A breadboard is used to prototype and test electrical circuits before
they are built.

Veroboard: A Veroboard is a special type of insulated board with parallel strips
of copper track on the underside. The top is simply a clear board (resin-bonded
plastic or fiberglass) with many perforated holes. It is usedsto build simple circuits
where the components are connected permanently — they are'soldered onto the
Veroboard.

5. Components are soldered onto a Veroboard using,asSoldering iron. Why must
the tip of the soldering iron be tinned regularly?

To ensure maximum heat is transferredsrom the soldering iron’s tip to the joint.
6. Why is it important to workjinia well-ventilated room when soldering?
Because when yousSolderpharmful/toxié fumes are released.

7. With reference, to the illustration‘below, which joint represents a well-
soldered joint? Write down-only A or B.

Copper tracks

Veroboard

Component

B

8. Make a copy of a Veroboard layout in your workbook and design the following
circuits on the Veroboard:
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8.1 T
Rz['] 4 8
7
+ R 555 Timer IC R
= 3 2
2
Le 1 s
Cls c|
T T
+Ve ® _} °
R, 555 IC @LED
:I: 0 e X o]0 @ x
e xeo
R e xeol0 0
e xeo
o] \ ®
C, C,
- Ve @
8.2 +V

+ Ve

- Ve
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Make a copy of a breadboard layout in your workbook and design the
wing circui

follo
9.1
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/ Activity 4.7 SB page 253

4;‘/

\j

1. Refer to Figure 4.7.1 and 4.7.2 illustrated below.

1.1

12

6V
@)

N LDR

Figure 4.7.1: Circuit A

C
<L e
1
R, 2 200 pF
100
— o + | '
R1
300
N
N\ LED

Figure4.7.2: Circuit'B

Briefly explain the'operation of eircuit A.

CircuitAszepresents a light-activated motor-control circuit. With no light
falling onto the light-dependent resistor (LDR) or photoresistor, its resistance
willbeywery high; thexefore the transistor will be off. As soon as light starts
to fallon the LDR;its resistance will drop, depending on the intensity of the
light, switchifig on the transistor, which in turn switches on the DC motor.

Briefly explain the operation of circuit B.

Circuit B represents a circuit using a relay to make an LED switch on and

off continuously. When the circuit is connected to the power source, the
capacitor will start to charge. When the capacitor is fully charged, it will
activate the relay which will open the normally close switch (NC) and close
the normally open (NO) switch, switching on the LED. The capacitor will now
start to discharge, deactivating the relay, thus switching the LED off again.
This process will repeat itself, turning the LED on and off all the time.
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2.

With reference to the figure below, calculate:
? v N
i G,

1
| IS |

R,=100Q

1
| IS |

R,=3300Q

2.1 The total resistance of the circuit

= 76,74
=0,078 A

With reference to the figure below, calculate:
3.1 The total resistance in the circuit

1 _1.1

R23 Rl RZ
_1 .1
=307 350
=0,053

R, = 18,75 Q

"'RT=RZ+R23+R4
=20+ 18,75 + 20
= 58,75 Q)

3.2 The total.current flowing through the circuit

10
58,75

=0,1704A

3.3 Thevoltage drop across R,

VRl = IT x Rl
= 0,170 x 20
34V

3.4 The voltage drop across R,

VR4 = IT x Rl
= 0,170 x 20
34V




3.5

4.1

4.2
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The current flowing through R,.

1

+
10V =

| IS

R,=20Q
R,=30Q R,=50Q

1

Butv,=V. .-V, -V,
=10-34-34
=32V

3,2
o, IRZ = %
=0,106 A

| S|
R,=200Q

Define Kirchhoff’s voltage law.

Kirchhoff’s voltage law states that the sum of the voltage drops across the
resistances of a closed circuit equals the total voltage applied to the circuit.

Or

The algebraic sum of all voltages within the loop must be@qual to zero, i.e.
2V total = 0 or, if three resistors are connected, V, + Vgt Vg, -V, =0V

Define Kirchhoff’s current law.

Kirchhoff’s current law states the sum of all the,eurrents flgwing towards a
junction always equals the sum of all'the currents flowing‘away from that

junction.

With reference to the figure‘below; determing the voltage drop across R, if
the voltage drop across/R, and'R, equals 3,4V.

vV, =

VRl & VRZ + VR3

ButV,, +V,, =34V

©*R1

=V,-34V
=5-34
=16V
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6.

1 I
| I I = I + I
24A o L L ||065A 12
1 . _
] ~L=1-1,
= R, Ry =2,4-0,65
=1,75A

NOTE TO FACILITATOR: PROJECTS
The following projects, included in Addendum A, may be considered:
+ 1.2 Morse-code sounder; . 2.2 Transistor astable multivibrator

- 1.3 Water-level indicator; (Flip-flop);

« 1.4 Metal detector; « 2.4 Electronic piano; and

« 3.1 Arduino tone generator.

_‘ Summative assessment

SB page 255
Ve

1.

Identify the electronic components labelled 1-9 in the illus
3
2

ions bhelow.

d
X

attery 2 Coil 3 Lamp
Polari gﬁpacitor 5 Resistor 6 LED
r 1C 8 Potentiometer 9 DC motor 9
-,
2?\ raw the IEC symbols used for each of the following components:
2.1 PNP transistor 2.2 Transformer
E
B H
C
(2x1)(2)

Apply Kirchhoff’s current law to determines the value of I, in the figure below.



{ | NCV3 Introduction to Electronic and Digital Concepts for Robotics Lecturer Guide ‘ ‘

Name the THREE main components of a basic electric circuit.

. Energy source
. Electrical components
. Continuous current 3)

Refer to the figure below.

4.1 Will current flow through the circuit if one of the lamps is blown?
Give a reason for your answer.

@®

Parrallel circuit

Yes, current will still be flowing through the other lamp.
The two lamps are connected in parallel. 2)

Sketch a neat, labelled circuit diagram that contains each of the following
components connected in a series circuit:

. Battery . DC motor
. Resistor . Switch.
. LED

Switch DC motor

Resistor

—— _Battery

LED "//SZ

(5)
Withireference to.the circuit diagram in question 5 above, show how you
would connectthe circuit on a breadboard.
0000000000000 00O0O00O0UQ
0000000000000 00O0O0O0UQ
eoh
o
o
o
o
]
q
q
q
o
o
5)
91
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Explain the advantage of building a circuit on a breadboard as opposed
to a Veroboard.

The circuit connected onto the breadboard is not permanent. If you make

a mistake, you can correct the circuit. The circuits built on Veroboards are
permanent as components are soldered onto the board. No corrections can be
made should a fault be detected. 3)

How you care for and use a soldering iron can influence its effectiveness.
Name TWO important points that you must consider.

Any TWO of the following:

. The tip of the soldering iron must always be kept clean (shiny). Use a damp
sponge or cloth.

. Soldering irons must be switched off when not in use. This preserves the
element and soldering tip.

. The tip of the soldering iron must be tinned (covered in a thin layer of tin)
regularly to help conduct heat while soldering. 2)

Name any ONE of the important safety precautions that must be taken
when you use soldering irons.

. The soldering iron gets very hot (+ 400 °C) and must be handled with care.
. Always place the soldering iron back into its stand when itissnot inyuse.

. Work in a well-ventilated room as harmful fumes are generated during
the soldering process. @))

Make a copy of a Veroboard layout in your book and design the layout for
the following circuit on the Veroboard.

ON-OFF
8 ~o——

1

KED 2[LED 3

Switch
® C# 30

Battery

: i
s Lepgadl

X D1

x = breaks in copper tracks
(10
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11. Study the figure below and answer the questions that follow.

100Q | |R, R,| [250Q
24V = l
350 Q| |R, R,| [2000

11.1 Calculate the total parallel resistance of R, and R,.

1.1 .1
R, Ri'R,

1 . 1

=700 " 250

=0,014

=71,43 Q 3

11.2 Calculate the total parallel resistance of R, and R,.

1_1,1
R_?)4_R1+RZ

1 ., 1

=350 " 200

=0,0785

=127,39 Q (3)

11.3 Calculate the total resistance of the circuit.

RT = R12 + R34
= 71,43 + 127,39
= 198,82 0 3)

11.4 Calculate the total current(I,) of thecircuit.

__ 24
~ 198,82

£0,121 Afor 121 m& (3)
11.5\Calculate the'potential difference across R,.

Vi FLAAR,
=0,121 x 127,39

=15,414V (3)

R4

11.6 Calculate the current passing through R,.

V,, =V, =15414V
\Y

E IR3 = Tnj
15,414
T 7350
=0,044 A or 44 mA 3)

TOTAL: 60




Module 5

Electronic tools and equipment

After students have completed this module, they should be able to:

use the following electronic measuring instruments:

— multimeter (digital and analogue)

— oscilloscope

— signal generator

— function generator;

explain how to take care of the above-mentioned instruments;

explain how to use the given measuring instruments and interpret y¥arious readings;
use the measuring instruments for a particular purpose;

explain how to use and care for the following handheld measuring instruments:
- ammeter

— voltmeter

— voltage testers

— clamp-on meters

— insulation-resistance meter;

distinguish between analogue and digital,meters;

state the advantages of using digital'meters;

explain the concept of parallax error,

set up and demonstrate thé use,of'measuring instruments within the given range in
practical simulations; and

explain the correct €are and storage of the instruments within the range of this
module.
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Introduction

Measuring instruments are used to test, calculate and measure the values of
electrical quantities such as current, voltage, resistance and power. Students are
already familiar with some of the measuring instruments used in the electrical
and electronic field. Because these instruments play such an important role in
electronic and digital concepts for robotics, many of them will be revised in this
module. These delicate devices must be handled with care if they are to have a
long service life. Some important aspects regarding their correct use, care and
storage will therefore be discussed. We will compare digital meters to analogue
meters to learn why digital meters are generally preferred.

-
Practical activity 5.1 SB page 279 PAIR ACTIVITY

Simulation of oscilloscope

You will need:

. 1,0-kQ) resistor (R,)

*  0,1-uF capacitor (C)

*  Matrix board with hook-up wires (intermediate board)
*  Audio signal generator (50 Hz-10 kHz)

*  Dual-trace oscilloscope

Method

1. Draw a series circuit by making use of the résistorand capacitor
that is connected to a signal generator. Indicate how the
oscilloscope is connected to the circuit. One input (CH2)-0f'the
oscilloscope is connected across the signal/generator‘and the
other input (CH1) across the resistor. The triggering must be set
across CH1 (the resistor) ¢gEnsure that all the.garth connections
are connected on oneside of'the resistor. (This means all the

black crocodile clips are connected.) (10)
V.- CH,
Y C:é: Triggering—=
S —
ORGP
w[] ©©
1kQ o

\Q\V
““ NOTE
- Assume that this circuit was built correctly.
« The necessary adjustments have been made on the oscilloscope so that
one complete cycle of the reference signal (V,on CH 1) is displayed over 10

cmon the screen. The V/div setting has been adjusted so that the waves
are as high (big) as possible.
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-
Practical activity 5.1 (continued)

2. The following oscillograms (waves) are observed:

........................... JZ<cn N~ I IS BN (S NU—

T/div=02ms V/div=0,2V

Interpret the information and do the necessary calculations for
the following:

= (V/div)(No blocks)(0,707)

f=__

Phase angle =
Supply current = V /R = \L (10)

V = (V/div)(no blocks)(0,707)

V, = (0,2)(3)(0,707) = 424 mV O
V, = (0,2)(1,5)(0,707) = 212 mV S : \0(\
50

1 _ 1

f=T = Waw)no blocks) -~ 0.2 ms)A0) - \Qe
Phase angle = 5~ =36 x 1, SMads \Y \\(\
Supply current = =212 pA (\@\ (10)
3. The freque the oscillograms observed on
the oscil D[ the new uency are shown below.
Ao\‘%
..... t\x\a(..hi R R A P

66\\\'3 T/div=10ps  V/div=02V

?‘ Interpret the information and do the necessary calculations for
the following:

V = (V/div)(No blocks)(0,707)

Ve=_

Ve=_

e

Phase angle=__

Supply current =V /R=__
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N
Practical activity 5.1 (continued)

V = (V/div)(no blocks)(0,707)
V. =(0,2)(3)(0,707) = 424 mV

V, =(0,2)(2,5)(0,707) = 353,5 mV
f= 1_ 1 _ 1

~ T~ (V/div)(no blocks) ~ (10 ws)(10)
Phase angle = % =36 x1=36°V,leads V

v,
Supply current = ¢ = % =353,5 pA (10)

=10 Hz

Observation:

Answer the questions below by comparing the diagrams above. Establish
how a change in frequency will influence the relationship between V,
and Vg

1. Whatis the phase relationship between V, and V, at frequency 1?
(Refer to the angle as well as leading or lagging.)

At 500 Hz V, leads V, by 54° @

2. Whatis the phase relationship between V, and V, at frequency 2?
(Refer to the angle as well as leading or lagging.)

At 10 kHz V, leads V, by 36° )

3. Did achange in frequency influence the phase relationship
(angle) between the V, and V?

Yes, it did. The phase angle is reduced from 54° t6,36° (@))]

4. What effect does the change in'frequency have on the magnitude
of V,and V.?
41 V

S

V stayed exactly the same at 424 mV.

4.2V

R

V, incréased from 212 mV to 353,5 mV. 3)

5. Whatinfluence does the change in frequency have on the
current flowing in the circuit? Based on your finding, what
do you think happened to the overall resistance (called the
impedance) of the circuit as the frequency increased?
(Note that no calculations are needed to answer this question.)

The current increased from 212 pA to 353,5 A, which means the
impedance will decrease. 2

TOTAL: 40
J
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« ® ~ IMPORTANT

The black crocodile clips
must be joined at the same
point.

\‘ NOTE

It isimportant to know
which wave is leading. The
wave representing CH2

(1 kQ) or the wave across
the unknown component.

1 98

-

Using an oscilloscope and a signal generator to determine the effect of
AC on R, L and C component combination circuits

You will need: & 1KQ
*  Capacitor, coil, unknown resistor and a

1 000-Q) resistor (as shown - X, and

X,; can be either the coil or the capacitor)

* Audio signal generator (50 Hz-10 kHz)
*  Dual-trace oscilloscope
*  Connecting leads

Method

Step 1:

*  Connect the two resistors in series to the function generator. Ensure
that the black crocodile clip is connected to the end of R, and the red
crocodile clip is connected to the end of the 1-k( resistor.

*  Connect CH2 of the oscilloscope across the 1-kQ) resistor (This will be
the reference voltage.)

*  Connect the other channel (CH1) of the oscilloscope across the signal
generator (i.e. the supply voltage).

Black

Red

Black

Red

Oscilloscope connected across R,

Step 2:

. pSet the function generator to a low frequency (about 500 Hz).

* Next, change the setting to a higher frequency (about 2 kHz).

*  Draw the waves observed at both the low and high frequencies.
Determine and record the phase relationship between the waves
at both these frequencies. (10)

N
Practical activity 5.2 SB page 280 GROUP ACTIVITY

J
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Practical activity 5.2 (continued)

vV, 500 Hz vV 2 kHz
V 6=0° v 0=0°

R

Y

Waveforms observed for 1 kQ and R,

Step 3:
Move the connections across R, to X, and repeat step 2 above. (10)

« avefor ‘A’bserved for 1k and x,
&’onnectlona‘gcross X, to X, and repeat step 2 again. (10)

,&(\Q CH1 CH2

Link

Oscilloscope connected across X,
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L/

\j

~N
Practical activity 5.2 (continued)
Vs 500 Hz Vs 2 kHz
VR 6 =15° lagging VR 6 = 45° lagging
Waveforms observed for 1k and X,
TOTAL: 30
_ J
Activity 5.1 SB page 281

What does caring for measuring instruments involve?

Looking after instruments, storing them in a safe, dry, clean space and handling
them with care.

(Any suitable answer)
Name THREE general advantages of caring for instruments.

. Increased accuracy
. Extended service-life
. Avoids costly breakdowns/economical in the longsterm

Name THREE requirements for the areas in which medasuring instruments are
stored.

Any THREE logical answers

. Dry

. No excessive heat

. Away from direet sunlight

. Using silica/gel packages‘to combat moisture/humidity

Explain the term cglibration.

Calibration reférs to the process of comparing a measurement made by an
instrument with the value of the same measurement as defined by an accepted
standard to check the accuracy of the instrument.

A digital multimeter is shown on the next page. State the settings that should
be used and explain how the leads should be connected to the multimeter to
measure or check each of the following:

5.1 240-VAC

. Set the dial to 750 V AC.
. Insert the black lead into the COM socket.
. Insert the red lead into the V/Q/mA socket.
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. Connect the ends of the leads across
the circuit (in parallel) where you want to
measure the voltage.

. Read the numbers off the display.
5.2 15mA (ACor DC)

. Set the dial to 20 mA.

. Insert the black lead into the COM socket.
. Insert the red lead into the V/Q/mA socket.
. Switch off the supply of the item you are

measuring.

. Create a “break” in the wire.

. Connect the ends of the leads in series with
the break.

. Switch on the item you are measuring.

. Read the numbers off the display.

. Remember your answer will be in mA.

5.3 25kQ

. Set the dial to the 200-k resistance setting.
. Insert the black lead into the COM socket.

. Insert the red lead into the V/Q)/mA socket

. Switch off the power supply of the iter@’ surip QO
. Connect the leads across the component you want to re.
©

. Read the numbers off the display.
. N\
. Remember the reading wi in \\<\
\ O
54 8A . (\’&
. Set the dia t \\S\e
. Insert the blackdead into Qﬂe’\&)M socket.
. Insert the red Tead in%@ 0-A socket.

@ off the po%@’upply of the item you are measuring.

. e a “br n the wire.
onnec ends of the leads in series with the break in the circuit.
O . Swi the item you are measuring.

. \ﬁ&d the numbers off the display.
QO
6. g&@ls the purpose of an oscilloscope?
Vcl'o give a visual display of an electrical signal, showing both amplitude and frequency
7. What type of waveforms can a function generator produce?

. Sine wave
. Square wave
. Saw-tooth wave

101 ——
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8.

State whether each of the following statements is TRUE or FALSE.

8.1

8.2

8.3

8.4

8.5

A signal generator can measure voltage and frequency.
False

An analogue multimeter uses a needle to indicate readings on a calibrated
scale.

True
An oscilloscope can measure current values.
False

An oscilloscope can show the phase displacement between two
waveforms.

True

A digital multimeter can be used to measure a greater variety of readings
than an analogue meter.

True

The waveforms observed on an oscilloscope are shown below. The setting are
as follows:

Channel 1: (V) V/div=0,5V
Channel 2: (V) V/div=10,2V
T/div = 20 ps

VS
—
\

/

L AN e el 1yl

LILILILN CULP L LU L = = R S LS UL
|

Interpret the waves to calculate the following:

9.1

9.2

VR

V}, = V/div x number of blocks x 0,707
= 0,2 V/div x 2,5 blocks x 0,707
=0,35V

vV

S

V, = V/div x number of blocks x 0,707
= 0,5 V/div x 3 blocks x 0,707
=1,06 V
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4 / Practical activity 5.3 SB page 289 SIMULATION ACTIVITY

6\\5 V,=V__=voltage of load (secondary)
?\6 A, =1, = current on primary side (drawn from the supply)
A, =1 = current on the secondary side (drawn by the load)

o
O 2. \‘é\cord all readings using the following as reference:
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9.3 Frequency

1 1

F= = 30us=8

= 6,26 kHz

9.4 Phase angle

_ 360, ¢~ 5g0
6= x 6=54

Refer to the sketch below and explain how you would set the frequency to
15 kHz.

poweR ——— e ——— Faneony e
O MWERT M ok oK K 0 1 1 1o~ A Do
a0ap =

I B rowmows ruitows yompe . c—— opumon—
’ ‘ RAMP PULSE DCOFFSET FM  OFF AM CARRIER (400Hz) INT-EXT ouTPUT
§ PULLTO EXT

Ve N R

. Select and press 10 K in the Range series.
. Adjust the frequency dial (big dial on the left) to 1,5.

Measure the primary and secondary voltage and the curren
transformer connected to a load.

You will need:
¢ Transformer with Prim 240 V/50 Hz and Sec
+  Connecting wires . O‘{\

o 2 xvyoltmeters \C)\
. 2 x ammeters

+  Fixed resistor V \\({&
e Variable resistor \Q

. (\’c}
Instructions: S\\
1. Wire the circ

ing to th@%gram given below.
O

RN
%
(2
N\
>
N wm >

3(\(0' V, =V, i, = Voltage of the supply

3. Set the variable resistor to minimum (position C at the bottom).
Record all the readings.

4. Set the variable resistor to medium (positon B in the centre).
Record all the readings.

5. Set the variable resitor to maximum (position A at the top).

Record all the readings.
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Practical activity 5.3 (continued)

Note that the readings for the table below were taken using:
. a 5-kQ fixed resistor;
. a 5-kQ linear variable resistor; and

. a 240-V/12-V transformer with 880 primary turns and 44 secondary
turns.

RECORDING OF METER READINGS

. SET AT POSITION C SET AT POSITION B SET AT POSITION A

240V 240V 240V
v, 12V 12V 12V
A 60 pA 80 A 120 pA
A, 1,2 mA 1,6 mA 2,4 mA
Conclusion:

What do you observe and conclude from the readings as the load
resistance changes?

Voltage: Voltage on the secondary winding is lower Q oltage on the
primary

Current:

* Position A - The variable resistor is set op Vah@\%eanmg Zero
resistance. Therefore, the only 31stance in the secon ary winding
is the top resistor of 5 kQ, 1ti hlgh dary current
(2,4 mA).

* Position B - The va toris s {b%e centre value, meaning

its resistance is’a

imately {g\ hlS added to that of the
top resist g

5 kQ, res in a lower secondary current

. iti - T e var1%§Q istor is set to the bottom value, meaning
- aximum of 5 kQ. This added to the top
&{& (), resulting in an even lower secondary current

urther%gxgthe primary current is always higher than the secondary
curr§¢\ o, this transformer reduces voltage by a ratio of 20, while it

es current by a ratio of 20.

6\\\

?&nty 5.2 SB page 297

Distinguish between analogue and digital meters.

The analogue meter uses electromagnetic fields, while the digital meter uses
electronic circuitry. An analogue meter has a permanent magnetic moving coil
that uses the deflection of a pointer to indicate the measurement being taken.
Digital meters have digital/numeric displays in easily readable format.
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Why are digital meters more accurate than analogue meters?

Any logical answers can be accepted.

. Easy to read (no error parallax)

. Not influenced by magnetic fields
. No need to zero the needle

. No moving parts that can wear

When using an analogue meter, why must you take the reading from directly
above the meter?

To avoid parallax error which will lead to inaccurate readings

By means of a simple sketch, show how the following meters should be
connected into a circuit:

4.1 An ammeter used to measure current through a single resistor

supply

4.2 Two voltmeters used to measure the voltage drop acrosstwo resistors
connected in series

supply

4.3 An ohmmeteryused'to measuire the resistance of a resistor.

You can use a multimeter and a clamp-on meter as an ammeter. Why would
the clamp-on meter be a better choice?

. No need to switch off the supply
. No need to create a break in the circuit
. Saves time

. No chance of forgetting to change the leads of the socket on the multimeter.

105 ———
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6. Why do we have to use an insulation tester rather than a multimeter when
testing the insulation resistance of a new installation?

. A multimeter uses a 9-V battery (low voltage and current).
. An insulation tester tests at double the supply voltage.

7. Name the THREE main tests for which an insulation-resistance tester is used.

. Continuity
. Insulation between conductors
. Insulation between conductors and earth

8. If you want to test whether all the points of a household installation is
earthed, which test would you perform?

Continuity test

9. Whatis the minimum acceptable insulation reading between conductors, as
set by the regulating authorities?

Insulation resistance between conductors must not be less than 1 megaohm.
(Many regulating authorities now accept 0,5 M() as sufficient.)

10. Identify the test that is performed in the illustration below.

Neutral

Live Three-core cable

Neutral Insulation-

Earth resistance tester

Insulation between conductorslive and neftral

7

\‘ NOTE TO FACILIT\?@E): 'l;ROJECTS

The following projects, i@%d in Addendum A, may be considered:
- 2.5 Binary-input@onverted to seven-segment display;

- 3.3 Arduin orm display
QY
! Summative assessment SB page 298

Vi
D
1. Give TWO reasons why caring for measuring instruments is of the utmost
importance.

. Ensures longer service life: With proper care, measuring instruments can
serve you well for a long time. Tools that are not maintained will break
sooner, and you will have to replace them earlier.

. More economical in the long term: It can help you avoid costly breakdowns,
repairs and downtime. (Any two relevant points) )

| 106
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Name TWO requirements for the area in which measuring equipment is
stored.

Store equipment in an area that is dry, not exposed to extreme heat or
humidity and away from direct sunlight. In areas with high humidity silica gel
packets, air-conditioning or a dehumidifier can be used. (Any two) )

Explain what is meant by calibration of equipment?

Calibration is the process of comparing a measurement made by an instrument
with the value of the same measurement as defined by an accepted standard to
check the accuracy of the instrument. 3

What is the difference between a manual-ranging and an auto-ranging
multimeter? Refer to examples of actual settings and readings in your answer.

. Manual-ranging: You have to manually select the correct range within a
selected function before taking a measurement. The reading must also be
interpreted according the scale selected. For example, if you set the meter
to the MQ scale and the display reads 2,5 you must know that it is actually
2,5 MQ.

automatically. E.g., select the voltage scale and it automa

4

correct scale and gives you the correct readout, e.g@
Identify the parts labelled as A to C in the sket( belo

[wo)lo
P\

(o
Digi%lrﬁx}play
. tor switch
6\\\ onnector sockets 3)

107 ——
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With reference to the illustration below, state the purpose of the following

buttons. They have been labelled for easy reference.

6.1 Horizontal position (1)

6.4 V/div (9)

6.2 T/div (2)
6.5 Focus (11)

o e 6

6.3 Mode (6)

.
(7 e S)
.".D.‘.J'g i T‘e
! > © o
A ° * ®
\:o ) \GJL‘E\\?‘O\?@))

® @

. \.O
!

6.1 Horizontal position: Moves the waveform horizontally across‘the screen
6.2 T/div: Allows one to select the rate at which the wayeform 1S\drawn across

the screen

6.3 Mode: On dual trace oscilloscopes, this allows one te display one.waveform at

a time, two waveforms simultaneously and/orte.add the two\waveforms
6.4 V/div: Varies the size of the waveformion the screen

6.5 Focus: Allows one to adjust the sharpness’of the waveform

Choose the function in COLUMN:B, that matches\eéach of the buttons of a

function generator listedfin COLUMN A.

COLUMN A COLUMN B

A pr

7.1 BNC output
socket (50 Q)

7.2 Frequency
range

7.3 DigitahO"
bt
. Oﬁl play

8&‘ Function

» selector

7.5 Frequency
adjustment
knob

7.6 Amplitude
selector

G
Qj'}(\
selector (\Q C

D

> )

s a numeric display of the frequency
ing generated by the function generator
ows one to select the waveform - sine

wave, square wave or saw-tooth wave

enables one to select the frequency range to

be generated, e.g. 100 Hz, 1 kHz or 10 kHz

to set/adjust the amplitude of the waveform

that is being generated (can range from
a few mV to about 10 V, depending on the

amplitude value required)

connection cable for connecting the function

generator to other equipment

allows one to set/adjust the frequency to a

specific value

71E 72C 73 A 74B 75F 7.6D

(5)

(6)

(6)
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The following changes need to be made or readings (measurements) need
to be taken. State whether an oscilloscope or a function generator should be
used.

8.1 To set the voltage or amplitude of a signal
Function generator
8.2 To measure the frequency of the wave
Oscilloscope
8.3 To change the signal from a sine wave to a square wave
Function generator
8.4 To set the frequency to a specific value
Function generator 4
For each of the following illustrations, identify the setting of the meter

(i.e. state what is being measured) and then interpret the reading on the
display.

9.1

10A MAX
UNFUS”

—
COM  VOmA

>

D
Current: 98,5 mA
9.2

COM  VOmMA

1)

Resistanceyl16,5MQO

Use the waveforms and Settings shown below to calculate the following:

10.1,The peak RMSwoltage of V, 3)
V, = V/divx number of blocks x 0,707

=50 mV x 1 block x 0,707 = 35,35 mV 3)

10.2' The peak RMS voltage of V 3)

V, = V/div x number of blocks x 0,707
=50 mV x 2 blocks x 0,707 = 70,7 mV 3)

10.3 The frequency of the waves

1

F= 1/T = 02 ms x 10 =500 kHz (3)
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10.4 The phase angle

A

LN LA L L L R A L

X

etz

T/div=0,2ms V/div=50 Mv

6= x5=36° (3)

11. Complete the table below for the settings and/or readings of the
signal/function generator.

RANGE SETTING DIAL SETTING FREQUENCY

10K 1,5 15 kHz
1K 0,8 800 Hz
100 1,9 190 Hz
1K 1,2 1200Hz _(\
1M 1,4 o 1,: 1\&1{5’3\ )
12. Use the values from the circuit sho M comﬁ’g&\\(he table for the
readings on the meters labelled ,and Yz, %@ ctively.
Switch
(®)
¢
O e
N\
O @S\g R, =40 ohm R, =80 ohm
&
Q~ ooy ] swnonaom
Q 66\’\ A, 3A A, 3A
e A, 0A A, 1,5A
\A 120V v, 120V
v, o0V v, 120V ®
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14.

15.
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Discuss the advantages of digital multimeters compared to analogue
multimeters?

ANY three correct answers.

As mentioned earlier, digital readouts are more accurate since the LCD
display is easy to read.

The numerical display of DMMs prevent parallax errors (explained in
section 5.3.3).

Unlike analogue multimeters, no adjustment is required.
The reading speed is increased, as the display is easier to read.

DMM displays have no moving parts. This makes them free from wear and
shock failures.

Digital meters are available in smaller sizes.
Digital measuring instruments are very tough.
They have a high input impedance, so there is less loading effect.

DMMs can be used to test continuity, capacitors, diodes and transistors.
More advanced DMMs can also measure frequency. @))

Explain whether an accurate reading can be taken from the display on the
meter shown below if it is set to the 50-V scale.

—n <O
~=
=

The display is not viewed perpendicular from abové It will lead to an error in
parallax. (1

By means of a reasonably neat sketch,Show how a clamp-on meter needs to
be connected to’a,cable to measure-the current flow.

5 600V CAT Il 5 400A

3)

M
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16. An insulation-resistance tester is shown in the sketch below. Explain the
connection you would make, as well as the acceptable readings you would
expect, for each of the following tests:

Three-core cable

Insulation-
resistance tester

16.1 Continuity test

Continuity test

. Connect test leads across points 1 and 3. Take the reading. It should
read less that 1 (), depending on the length and thickness of the
conductor.

. Now connect across points 2 and 4 and repeat.

. Then across both ends of the E wire and repeat. 2

16.2 Insulation between conductors

Insulation between conductors

. Connect leads across point 1 and 2. Take"the reading. It should be
higher than 1 MQ. 2

16.3 Insulation between conductors and'earth

Insulation between conductors and‘earth

. Connect one lead to'E and.the other lead to 1. Take the reading. It
should be higher thand MQ.

. Connectyone lead to'E and thelother lead to 2. Take the reading. It
should'be higher than 1 M€. 2)

17. A distribution board is shown'in each of the sketches below.
Study the sketches and state the mistake that was made in the connection of
the measuring instrament.

17.1 A meter setteomeasure current
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The red wire/circuit was not “broken” as the ammeter must be connected

in series with the load.

1)

17.2 A meter used to measure insulation between conductors

?

@-

rell

[]
]

A multimeter cannot be used as its supply is a 9-V battery. A megger/

insulation tester must be used as the installation must betested at double
1)

the supply voltage.
TOTAL: 87

M3



Module 6

Digital systems, PLCs and principles

After students have completed this module, they should be able to:

describe the operation of the following logic gates and their respective truth tables:
- AND

- OR

- NOT

- NAND

- NOR

- XOR

— XNOR;

correctly use IEC symbols to represent logic gates;

use each logic gate in a simple application;

interpret basic data-sheet information;

compare PLCs and relay systems,

sketch the block diagram of a PLC;

explain the function of the processor in a®LC;

name and sketch the schematic symbais.used'in ladder. diagrams;
explain how a given simple ladderdiagram will function;

predict the end result of a given Simple ladder diagram;

explain Boolean logic anddogic'designh;

discuss the term /ogical.diageam and its pugpose;

draw a simple logic/diagram incorporating different logical gates based on a scenario
or expression;

interpret a simple logic diagram;

discusssthe term fruth tableand its purpose;

drawsya truth table;

describe the operation of logic gates and their respective truth tables;
draw a truth table for given logic circuits; and

validate a logical design (diagram) using a truth table.
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Introduction

Basic digital and logic concepts are the building blocks of all digital equipment
including computers, banking, communication systems and modern vehicles.
Because it is extremely important that students understand these concepts
(covered in Level 2 of this course), they are revised in this module. What

is more, knowing these concepts in this everchanging digital age may even
allow students to create new designs and present solutions that can improve
people’s lives. Students will be introduced to programmable logic controllers
or PLCs. These digital devices can be programmed to perform various
functions and are used in various applications in industries such as the steel
industry, automobile industry, chemical industry and the energy sector. The
content is aimed at laying the foundation for further studies in this field.

\/l Activity 6.1 SB page 326

1.

If a logic gate has THREE inputs, how many possible input combinations will
there be for the truth table?

2% = 8 possible input combinations

Complete the input combinations for the two-input truth tabl(es*:low.
I S N S
0
0
1
1

0
1 é\O(\
X

0 Qe
O

\Q

1

4
By referring to the switching ei low, idﬁ{(\% the logic gate that it
represents and comple truth table for’this circuit.

A\
O

+

@( ) ((\@ﬂ Lamp ®

)
O
o\
AND Gaza\
OO
0 0 0
0 1 0
1 0 0
1 1 1
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4. Name the logic gate that is represented by the following switching circuit:

Switch A Switch B

Battery — |Z|
T Relay

Lamp (Q)

XOR Gate

5. Draw the IEC symbols for each of the following logic gates:

. OR gate . NAND gate . NOT gate.
A—— 21 9 A— & A— 1 9
B — B—— < B—
OR Gate NAND Gate NOT Gate

6. Write down the output/Boolean expression for the following'gate:
A A—— 21 9
B Q B —

7. Draw the NAND gate equivalent (combination) for anyOR gate.

Q=A+B

&

A—]
A — =1 Q=A+8B O_l— & Q=A+B
g

T A

B |

8. Anextract of a data sheet for a 741L.S86 logic IC is shown below. Read the data
sheet and answeyr the questions that follow.

Guaranteed Operating Ranges

D> Parameter Min Typ | Max | Unit

6\ « Supply voltage 54 4,5 5,0 5,5 v
[ 74 | 475 | 50 | 525
T, Operating ambient temperature 54 -55 25 125
°C
range 74 | o0 25 | 70
I, Output current - high 54, -04 | A
74
I, Output current - low 54 4,0
mA
74 8,0
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8.1 What is the minimum operating voltage for this logic IC?
45V /4,75V

8.2 What is the highest ambient temperature in which this logic IC will be
able to operate optimally?

125°Cor 70 °C

&L

“——t

1.

/ Activity 6.2 SB page 337

What does the abbreviation PLC stand for?
Programmable logic controller

Compare relay logic and PLCs with regards to the characteristics listed in the
table below.

CHARACTERISTIC RELAY LOGIC PLC

2.1 Size Large, complicated system that Compact, solid-state device that
takes up lots of space is relatively small
2.2 Energy Uses a lot of energy Uses about a tenth of the amount
consumption of energy of relay systems
2.3 Service life Limited mechanical life because A solid-state device (no moving
of moving parts parts) thus long service life
2.4 Maintenance Needs more maintenance Error-diagnostia@l@means it
require less mad ance
2.5 Cost More expensive than PLC Costs cbkg’ss compared to
system — the more the relays, the rela &&c systems (one-time
greater the cost iné\ment)
2.6 Reliability Mechanical breakdowns can (\(bMore reliable because it has no

occur at any time — many
moving parts \\g\

2.7 Modification/ Difficult to update \ﬁlodlfy an Very flexible and easy to change
Flexibility existing progr or modify (write a new program)

moving parts

2.8 Response Slower reﬁge time than PLC Fast response time - can process
thousands of items per second

&
&\t labe&ﬁrlock diagram of a simple PLC.

Q@

\
4

Power supply

00@ !

N . p
From sensors S Processor pme E To output
Push-buttons, é §_ solenoids,
contacts, limit = 8 contactors,
switches, etc. ¢ alarms, etc.

Programming
device

M7 ———
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| 118

Name and briefly explain the THREE main steps in the execution of each
instruction for a PLC.

1.  Checking the inputs — INPUT): The PLC reads the inputs via the input
interface.

2.  Execution of instructions — (PROCESS): The PLC will now look at the first
instruction in the program and execute it.

3. Updating the outputs — (OUTPUT).
Briefly explain the function of the processor of a PLC.

. The processing of all arithmetic operations
. Logic operators

. The storage of information

. Computer interface

. Local-area network, etc.

Draw the THREE main symbols used in ladder diagrams and name each symbol.

O

Contact (NO) Coil Contact(NC)

In ladder diagrams, circuits are connected as horizontal'lines between two
vertical lines. What do we call these horizontal lines?

Rungs

8.1 Identify the logic gate shown in the figure below.

A—, &
N

o—— X

NAND Gate

8.2 Drawsthe truthitable as well as ladder diagram for this logic gate.

o
7
&

o

=
N\
%

. Q‘)ﬁ\o 1 1
\(\@1 0 1
A 1 0
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9. Explain the operation of the on-delay timer ladder diagram in the figure

below.
A T1/k5
| | O
| NG
T1 F
| | O
| NG

With reference to the figure above, when contact A is closed, the timer (T1) starts
running and after 10 seconds (indicated by k10), the timer contact (T1) closes and
at the same time activates the coil (F). The output F will now be a ‘1°.

/ Activity 6.3 SB page 344

L

\J

Redraw the table below and complete it by providing the missing details.

LOGICIC IEC SYMBOL TRUTH TABLE

AND gate (a) (b)
A— & SWITCH A SWITCH B LAMP
= — X (INPUT) (INPUT) (OUTPUT)
0 0 0
0 1 3 00 0
6\
1 0 Q@\ 0
1 X Ct\' 1
O
NOTE: \
0=open , ~Ot=closed (0 = off and
switch 0 switch 1=o0n)
<
© A & @<
S Y aveun | naveun | o oureun
B \A 0 1

0
0 1 1
'@A 1 0 1
@ 1 1 0

@ (W@
NOT gate \Acl— 1 0 1

(>
\‘\\00 B— 1 0

\ﬁ,@%te ® M)
A

B — 0 0 0

0 1 1
1 0 1
1 1 0

M9 ——
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LOGICIC IEC SYMBOL TRUTH TABLE

) N 0
vorge 0| % p—q
0 0 1
0 1 0
1 0 0
1 1 0
XNORgate (k) )
A—— =1 A(NPUT) | B(NPUT) | Q(OUTPUT)
b—— X
B— | 0 0 1
0 1 0
1 0 0
1 1 1

\/l Activity 6.4 SB page 348

1. Draw the combination circuit as well as the truth tables for each of'the
following Boolean expressions:

1.1 Q=AB+AB

S = =, O

— 1120
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I T N T
0 0 0 0 0
0 0 1 0 0
0 1 0 1 0
0 1 1 1 1
1 0 0 1 0
1 0 1 1 1
0 1 0 1 0
1 1 1 1 1
1.3 X=M.O0+N.O +N.O

M &

0O ——

N & — 1

— X
0 ——— |
1
N
Q—|_ &
1
O J O

Z|

n-n-nmm

0 0 0 1 1 1
0 0 1 1 0 O\Q\\ 0 0 0
0 1 0 0 ,\\(\@' 0 0 0
0 1 1 0 ’&\6 0 1 0 1
1 0 0 1 \0 1 0 0 1 1
1 0 1 Q\\\ 0 1 0 0 1
1 1 0 @«Qo 1 0 0 0 0
1 1 (Q@A 0 0 1 1 0 1
he ter th table.
ﬁ 2\@9
bE\,g\an be defined as a mathematical table that shows all possible
outco hat would occur given all possible scenarios that are considered at the

The truth table also shows the result (output) of particular input states.
3. How many input combinations can a truth table with four input bits have?

2% =16 input combinations.
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“ Summative assessment SB page 349

s'/"

1. Draw a truth table for a three-input device. Show all the possible input

combinations.
[ s | o | o

0 0 0

0 0 1

0 1 0

0 1 1

1 0 0

1 0 1

1 1 0

1 1 1

(8)

2.  Which logic gate does the following switching circuit represent?

._
Switch A

NOT gate

Battery __L_

,&Q )
R, N |
3. Draw the switching cir or a NQi}\I gate and compile the truth
table for this gate. \\S\
xO

Switch  Switch
A B

0

0 1 1
1 0 1
1 1 0

9)
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Draw the IEC symbol for each of the following gates:
4.1 OR gate 4.2 NOR gate

A—— 21 A—— 21
B — B —

4.3 XOR gate

A—— =1

5| —Q

(6)
Name the gates represented by each of the following IEC symbols:

5.1 A & . 5.2 A 1 0
o—— o—
B— B—
NAND gate NOT gate 2

Which logic gate does the following Boolean expression represent?

Q=AB+ABorQ=A®B
XOR gate D

Complete the following table with reference to logic ﬁ

LOGIC FUNCTION | IEC SYMBOL BOOLEAN EXPRESSION

OR gate 7.1 7.2 Qe
N\
A—— >1 \‘& (R
s—| [0
QO
7.3 7.4 ((\e Q=AB
xO
AND gate A |

&
B — @QQ\B_ Q
7.5 ((\r& 7.6

——Q Q=AB+ABorQ-A®B
OB — ApTARord
) (6)
Name(@REE examples of applications where logic gates are used.

XOR gate

é\\Loglc devices such as counters, flip flops, and shift registers
. Calculators and computers

. Musical instruments

. Electronic games

. Digital measuring instruments

. Smart phones

. Digital watches and calculators

. Microprocessors and microcontrollers (Any 3) (3)
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9. Draw the NAND gate equivalent for an OR gate.

A—— 21 21 Q=A+B

o— | o—

B—

“)

10. The following logic circuit is used to monitor the temperature and pressure
of a specific plant. If either the temperature or the pressure or both the
temperature and pressure are high 1, then the logic gate represented by (a)
must switch the plant off.

10.1 What type of gate is represented by (a)?
OR gate (€))

10.2 Draw the truth table for the gate you identified in 10.1.

Shutdown
i command
(@) : Plant

| '
Comparators * *
T Temperature [ | Pressure S

—O Reference

—o© Re@ence

A B
(PRESSURE SENSOR) (TEMPERATURE SENSOR)

0 0 \\(\ 0
0 1 ‘(\e
2\ 1

1 Q\%

1 ) @.Q 1 1 @
11. The fo vuuth ta]{%{&s taken from a data sheet of a logic gate.
Q@
2O
o
,a\ L L L
O L H H
6’\\3 H L H
?\6 H H L
11.1 What gate does this truth table represent?
XOR gate (1
11.2 Interpret the inputs and outputs of this gate.
The output for this gate will be 1 when either input A or B is 1. For all the
other input combinations, the output will be 0. 4
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13.

14.

15.
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The processor (or CPU) is the brain of a PLC. Name TWO of the other main
components of a PLC.

Any TWO of the following:
. Input module . Power supply
. Output module . Programming device )

Name THREE advantage of PLCs.

Any THREE of the following:

. Compact, solid-state device that is relatively small

. Uses about a tenth of the amount of energy that relay systems use

. A solid-state device (no moving parts) therefore has a long service life

. Error-diagnostic units mean it requires less maintenance

. Costs much less compared to relay-logic systems (one-time investment)

. More reliable because it has no moving parts

. Very flexible and easy to change or modify (write a new program)

. Fast response time — can process thousands of items per second 3

State the purpose of a timer function in a PLC.

The purpose of the timer function is to activate or deactivate a dewvice after or
before a preset interval of time.

OR

The purpose of the timer function is to run an opepationfor ajpredetermined
period and then deactivate it. 2)

Refer to the figure below and answer the questions that follow.

INPUT A INPUT B OUTPUT
(F)

0 oy\\(\\e\ 0
0 @ 1
1 ‘AD\ 0 1
1@\)\ 1 1

153, Draw,the symbel,of the logic gate this truth table represents.

A—— 21
— F
B R
(2)
15.2 Draw the ladder diagram that this truth table represents.
A X
|| e
[ \ >_
B
||
I
(3)
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15.3 Write the Boolean expression for this truth table.
F=A+B 2)

16. Complete a truth table for the following ladder diagram.
A B F

C

A B
I A N B T
0 0 0 0 0
0 0 1 0 1
0 1 0 0 0
0 1 1 0 1
1 0 0 0 0
1 0 1 0 1
1 1 0 1 1
1 1 1 1 L ®)
17. Draw the truth table for the following logic cirguit. U .\0(\
S
A——-1 21 A+B Q@‘
.<§
O
?ééy B).(B.C)
R
0 0 1 0 1
0 0 q@g 1 1 0 1
( 0 \(\‘aﬁ 0 0 0 0
<
Q 0(\ ‘3\ 1 1 0 0 0
6\\\9 0 0 0 0 0
?\6 1 0 1 0 0 0
1 1 0 0 0 0
1 1 1 0 1 1 ®)
TOTAL: 80
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Addendum A
Projects

This addendum includes fourteen projects that may serve as additional assessment aids or
enrichment. Note that four projects are linked to Robotics - the designed circuits are built on
breadboards and connected to an Arduino. Basic coding skills are required. These joint projects
should be discussed with the Robotics lecturers.

The Student Book contains only 13 projects. The additional project (a joint project) can be used
as enrichment or as a substitute for any project.

The projects should be assigned according to the abilities and learning experiencesef the
students. The available time and resources should also be considered.
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1. Prescribed projects

1.1 Fading LED lights

Introduction

Strips of LEDs that glow and fade
are used for decorative purposes. eLINK
Fading LED circuits can be created
using various methods. This is a very
simple fader circuit using very few
components.

This project is derived from the
following source:
futman.pub/FadingLEDProject

Component list

COMPONENT QUANTITY

150-kQ resistor 1
8,2-kQ) resistor 1
220-Q resistor 1
47-uF electrolytic capacitor 1
2N304 transistor (or equivalent) 1
LED (any colour) 1
Normally open switch 1
N QO
Circuit diagram \6\0

2N3904

Q Ba&@&:\orcuit operation
g

When the switch is closed, the capacitor slowly starts charging through the
150-kQ resistor. As the capacitor charges, it slowly switches on the transistor
which, in turn, switches on the LED. Consequently, the LED lights up gradually
until it glows brightly. When the switch is opened, the capacitor will start
discharging through the 8,2-kQ) resistor and the transistor. Less and less
current will flow through the transistor, causing the LED to fade until it is
completely off.
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1.2 Morse-code sounder
Introduction
Morse code was generally used as a eLINK

means of communication between
two stations during World War II. In
Morse code, each number and letter
of the alphabet are represented by

This project is derived from the
following source:

futman.pub/MorseCodeProject

a series of dots and dashes. This is a simple circuit that generates a sound at
a certain frequency when a button is pushed. Use this fun circuit to send a
message to someone. They must decode it and then reply in code.

Component list

COMPONENT

=
:
=

Switch (push-button normally open)
15-kQ resistor (R,)

3,3-kQ resistor (Ry)

47-nF non-electrolytic capacitor (C;)
10-yF electrolytic capacitor (C,)

555 IC

8-Q speaker (small)

Circuit diagram
—1 6V
Switch
3,3 kQ R, 8 4

15 kQ

R, 555 | =%

T el IC N}
q

Basic

Q@‘b [m] 80
A
47 nF_T— C1 1 |5 Speaker

circuit operation

The circuit works like a simple astable
multivibrator. The frequency of the circuit is
determined by R,, R, and C,. The switch can be
pressed for a short period, which will generate what
is known in morse code as a dot (.); or it can be
pressed for longer to generate what is called a dash
(). When the dots and the dashes are combined in a
certain sequence, they represent a letter.

2

\‘ NOTE

The astable
multivibrator is
another type of
cross-coupled
transistor switching
circuit that has NO
stable output states
as it changes from
one state to the
other.
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1.3 Water-level indicator

Introduction

This circuit is designed to automatically
switch an AC pump on or off, depending eLINK
on the level of the water in the

tank. This prevents the tank from
overflowing, and it protects the pump
when the water levels are too low.

This project is derived from the
following source:
futman.pub/WaterlevelProject

Component list

COMPONENT QUANTITY

555 IC 1
10-kQ resistor 1
100-() resistor 2
Transistor - BC548 2
1N4007 diode 1
12-V/30-A DC relay 1
AC motor 1
Water sensors (clean metal rods) 3

Circuit diagram

230 V/50H

ﬁCOtO r @

@)
\ sensors
O(\(b' Low

Basic circuit operation

When the voltage at pin 2 (trigger) of an 555 IC is less than a third V., the
output of the IC will be high. The IC may be reset by applying a low voltage to
the fourth pin (reset pin). Three wires are immersed in the water tank. The
two levels that are specified are the low water level (Low) and the high water
level (Up).
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One of the pins of the probe is connected off V... The lower-level sensor is
connected to pin 2, the trigger of the IC. Therefore, the voltage at the second
pin is at V.. while it is inside water. When the water level drops, the second
probe is no longer immersed, and the voltage at the trigger pin drops to below
V. Consequently, the output of IC is high. The output of the IC is fed to a
BC548 transistor, which triggers the relay coil; this in turn switches on the
water pump. When the water level rises, the upper-level probe is submerged,
and the transistor turns off. Its collector voltage is V. (sat) = 0,2. The low
voltage on the fourth pin resets the IC. Therefore, the output of the IC changes
to 0V, and the motor is switched off.
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1.4 Metal detector

Introduction
This simple metal-detector circuit is
de§1gned to locate‘ hlddfen metallic eLINK
objects such as coins, pipes, etc.
Only four components are needed. This project is derived from the
After you have built the circuit, following source:
test it by moving it over any metal futman.pub/MetaldetectorProject
object.

Component list

COMPONENT QUANTITY

Proximity sensor (inductive) 1
Transistor SL100 (or equivalent) 1
100-Q) resistor 1
9-V buzzer 1
Circuit diagram
9V
T s@ L PACKAGE TO - 39
C Collector
100 B => Ba ‘f‘& X
1 E=> mitter
100 Q
00 E N%Q\Iénsistor
Q\\ CB
@ ;
oV \
Proximity sensor \,0
S
[ or Q
GN

@
2
: @ ircuit %gpgkion
ThiS\iﬁvple metal detector circuit makes use of an inductive proximity sensor.
. The‘range of this sensor is a few millimetres to a few centimetres. The output
&\, gnal of the sensor is connected to the base of the transistor (§L100). As soon
as a metal object is detected, the proximity sensor will produce an output,
?\ switching on the transistor and sounding the buzzer. When no metal object is
detected, the buzzer will remain off (silent).
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1.5 Simple cell-phone detector using an op-amp

Introduction

This sensitive cell-phone detector

circuit uses a CA3140 op-amp IC, eLINK
a 555-timer IC and a few other
discrete components. The device
can detect a cell phone within an
8 to 10 metre range. (The range
varies depending on the various
cell-phone brands.) When a cell phone is detected, an LED will light up and a
piezo buzzer will sound for a few seconds.

This project is derived from the
following source:
futman.pub/MobileDetectorProject

Component list

COMPONENT QUANTITY

3,5-inch antenna 1
1-MQ resistor (R; and Rg) 2
1-kQ resistor (R,) 1
10-kQ resistor (R,) 1
470-Q resistor (Rg) 1
LED 1
1N34 diodes (point-contact germanium diode) ~ 2
9-V piezo buzzer ) c’,\o\ 1
3,3 UF electrolytic capacitor (Cl) . Q‘a\ 1
R a\"
0,1 uF capacitor (C) .r\\\(\ 1
CD 3140 IC A \V 1
\ \
555 IC A\Q_,- 5\ 1
Transistor 2N3904 ’Q& 1
x O
Circuit diagram
A4
3,5-inch Ra[]1 MQ
antenfa s 4
1N34 2 10
—- 2 6
D R Jka 2 612V
' alPlc 33 HF NE5553 piezo T D°C
Ve 2N3904 ! G 470d R, |buzzen
TN34¥ D) PN 5
5 | tepl. (O
C

Cz-|-o,16 uF R

Basic circuit operation

In this circuit, there are two stages: the RF detector and amplification stage
and the 555-monostable timer circuit. IC; functions as a signal amplifier and
IC, as a time delay. The two 1N34 diodes are point-contact germanium diodes
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used for signal detection. The diodes in conjunction with the 3,5-inch antenna
will pick up the high frequency RF cell-phone signal (0,9-3 GHz) as soon as the
phone is active, convert the electromagnetic-radiated signal to a low-power
electric signal and then send it to the operational amplifier (IC,). The output
from IC, will activate the 555-timer IC and trigger an LED and a piezo buzzer
for a few seconds.
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1.6 Air-freshener dispenser with a DC motor

Introduction

The main function of this circuit is to eLINK
dispense a quantity of air freshener at
selected time intervals. The fan serves
to spread the fragrance throughout
the room.

This project is derived from the
following source:
futman.pub/AirfreshnerProject

Component list

COMPONENT QUANTITY

5551IC 1
LED (LED, red and LED, green) 2
1-kQ resistor (R, and R) 2
12-V DC motor (fan) 1
500-kQ variable resistor (VR,) 1
100-kQ variable resistor (VR,) 1
0,01 UF capacitor (Cy) 1
1 000-uF electrolytic capacitor (C,) 1
Circuit diagram OY
\0(\
+12Vto 15V @}‘tlme

d ust
VR 500 kQ

Fan moto@ V
NN

. 100 kO
LED1(On): _ 16\\'0@;' R,
u1 R VR
\*'% & 6 — —
Y, sl 0ka  k
+

LED (Off)
2N VR 100 kQ
@A c— On time
(Q c —— ?TT=1000pf adjust
1 —
0,01 pf
\(\’&
sic arc@t operation
O . . . .
is circuit uses a 555 timer to set the off time and the on time for the air

Gc\freshener. Once the switch is turned on, the fan will remain off for the first 10
minutes. Thereafter, the circuit will turn the fan on for 40 seconds. The timer
will continue in this sequence: 10 minutes off, 40 seconds on. The off and
on time can easily be increased or decreased as required. The LEDs indicate
whether the circuit is on or off. A second switch can be installed to switch the
circuit on and off manually.
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2. Author-generated projects

2.1 Continuity tester

Introduction

A continuity test is important for any electrical circuit. This simple tester

is used to test whether there is current continuity between two points; for
example, to check whether a wire has a break in it or if a switch works and to
test relay-switch combinations. Only a closed, complete circuit has continuity,
allowing the current to flow from one end to the other.

Component list

COMPONENT QUANTITY

9-V battery 1
470-Q resistor 2
LED, (ultra-bright red) 1
LED, (ultra-bright green) 1
9-V buzzer 1
Circuit diagram
On/Off switch

o o ’

\ :CI Buzzer
—_

+ R, R
9-v !
Battery 1
' A
I LED LED,
- (red) (green o
o Terminals

Basic circuit operation
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Whefi the switchis off, no current flows through circuit.

When the-switch is on, current flows from the positive terminal through
R, andtheTed LED (LED,) and back to negative terminal. The LED is
forward biased and therefore emits light to indicate that the circuit is
ready to be used.

The green LED does not light up and the buzzer does not sound because
there is no continuous path between the crocodile clips.

If the switch is on and the crocodile clips touch each other, i.e. there is
continuity between the crocodile clips, the red LED will light up, but
current can flow through R, and the green LED (LED,), causing the LED to
light up and the buzzer to sound.

When there is no continuity between the crocodile clips, the buzzer will
cease to sound.
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2.2 Transistor astable multivibrator (Flip-flop)

Introduction

This project is based on a simple astable multivibrator (free-running
oscillator). This is a commonly used type of relaxation oscillator that is simple,
reliable and easy to construct. It produces a constant square-wave output.

Component list

COMPONENT QUANTITY

9-V battery 1
220-Q resistor (R; and R,) 2
22°kQ (R, and Ry) 2
BC337 transistor (TR and TR,) 2
LED, red (super bright) 1
LED, green (super bright) 1
47 YF capacitors (C and C,) 2

Circuit diagram

icator li fareal alarm. The time that the lights are on and off,

respec , can be varied by changing the values of the capacitors. The
@ cir 1S de31gned to use very little current to prolong battery life so that the

LEDs ﬂasE@cJand off alternately every few seconds. They mimic the

ce can be left on permanently. An on/off switch can be included, should

6\\rou prefer.
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2.3 A 9-Vto 240-Vinverter

Introduction

The purpose of the inverter is to take a DC supply (from a 9-V or 12-V battery)
and convert it into a 240-V AC supply. Inverters are currently being installed
by homeowners and businesses in South Africa because we are experiencing
so much load-shedding. An inverter allows home- and small-business owners
to continue using devices or appliances such as televisions, sound systems,
laptops, Wi-Fi routers, etc. during these power outages.

Component list

COMPONENT QUANTITY

680-Q) resistor (Ry) 1
2,2-kQ resistor (Rg) 2
330-Q resistor (Ry) 1
2,2-kQ) variable resistor (R,) 1
C1815 NPN transistor (Q, and Q5) 2
TIP 122 PNP transistors (Q; & Q4) 2
1N4007 diode (D4, D, and D3) 3
( i A 220-V/9-0-9 V @ 300 mA transformer 1
«_° .~ IMPORTANT R (\1
The CD4047 IC is a CMOS QDD I é\O 1
IC that is sensitive to 47-nF capacitor (C,) Qe\ L
static charge and can
9 an 12-V battery . ((\- 1
be damaged when it is O
touched with one’s bare 100-pF (Cp) @\Q 1
hands. 220-V AC lamp \\Q 1
e
* Transformer
Q, 220V 9-0-9 @ 200 mA
Lamp
220V

— 3300 Q

p TPOT
2200
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Basic circuit operation

Yellow section

This section consists of a power-indicating LED (LED,) and a current-limiting
resistor (R,). The LED lights up when the power is applied (i.e. turned on by
the switch). Diode (D,) is used for reverse-polarity protection. If the battery
is connected the wrong way round, this diode will effectively form a short
circuit to prevent damaging the circuit.

Red section

The integrated circuit is comparable to an astable device — a device with no
stable states. It will generate a square-wave output, continuously changing
between 0 Vand 9 V.

Green section

This consists of the resistor-capacitor (RC) timing component. The frequency
is set by the values of the resistor and the capacitor. The variable resistor
(labelled as TPOT in the circuit diagram) is used to adjust the frequency
output of the integrated circuit.

Orange section

Q; and Q, are transistors that are configured in such a way that when one is
driven on the other one is driven off. They are controlled by.R; and R, as well
as the output of IC 4047. Pin 10 and 11 of IC 4047 alternately switch voltage
output. That alternately switches on Q, and Q,. These"transistors act as driver
transistors to switch on transistors Q, and Q.

Blue section

The centre tap of the transformer is connected to the positive terminal of the
9-V battery. Diodes D, and D, are galledfreeswheeling diodes and are used

to protect the transistor during switch%eff. This is rietessary because of the
inductive “kick” caused bysthe switching of the\transformer.

Pink section
The transformeér is,used.to step the*9-volts up to 220 volts trading-off current.
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2.4 Electronic piano

Introduction

This simple circuit consists of a few push-button switches which, when
pressed, produce different sounds via a speaker.

Component list

COMPONENT QUANTITY

5551IC 1
8- Speaker 1
100-nF capacitor (C;) 1
10-yF electrolytic capacitor (C,) 1
1-kQ resistors (Ry, Ry, Rg R; Rz and Ry) 6
10-kQ) variable resistor 1
Push-to-make (push-button) switches (S -Sg) 5
Circuit diagram
R R R R R R

6 5 4 3

kO 1kQ  1kQ  1kQ
S1

s, F | S4T 53T SZT —IC,F
RN

B2 S

8 4
6 555 3 c
2
24 5 10 pF
¢, |
00 nF L .
(104) Speaker

Basic'circuit operation

Inthis circuit) the 555-timer IC functions as an astable multivibrator,
producing a square wave of different frequencies at the output. The speaker
willproduce different sounds, depending on the frequency of the signal.
To'change the frequency of the output signal, vary the total resistance of
the circuit by pressing different switches. In other words, every time you
press a button, the amount of resistance connected changes to generate a
square wave of a different frequency. The speaker will therefore produce
different tones.

Pin 6 and pin 2 will allow retriggering of the 555-timer IC after every timing
cycle. These pins must be connected to the ground through a capacitor. The
output pin 3 is connected to the speaker through a 10-uF capacitor and the
fourth pin is connected to the 9-V battery to avoid any sudden resets.
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Binary input converted to seven-segment
display

A binary-coded decimal (BCD) to seven-segment display decoder is a
combinational logic circuit that converts a four-bit BCD input into seven
output signals that can drive a seven-segment display. The purpose of the
decoder is to show the numerical value of the BCD input on the display in a
readable form.

Component list

COMPONENT QUANTITY

CD4511 BCD to 7-segment decoder IC 1
7-segment display (common anode) 1
1-kQ resistors (R;-R,) 4
470-Q resistors (Rg-Ry4) 7
Switches (SPST) (S1-S,) 4
Circuit diagram
9V
Common
cathode
3| 16 4 display
— — R a \4
T +vec BL[>—T{ }° K -
R S M
Switches 12 & L ; A
- 7 11 =R d
oS, o 4511 R7 | -
L oot 1 BCDto7- |10 — s d 2]
%, 5 (sjegmdent ) A s _
L oot ecoder 9
E S3 ° E R e C
H :s/c : 6 15 1 o f
L2 — L] -
4bit E P& [d]
BCD : >
input
P o v i
LN ]
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7

;l
Like the CD4047 IC, the CD4511 IC is a CMOS IC and is sensitive to static charge. It, too,
can be damaged when touched with one’s bare hands.

B IIO E Vcc

c 271 15] f
DispIaytestE Input [ E g
Blank input |Z """ El a
store E Output] ™™™ E b

p [6f1 | 1] ¢

L I e 10] d

Gnd E ------ E e

CD4511

Pin connection of the CD 4511 IC

NOTE

Basic operation

The decoder has four input lines (S;-S,) that represent the BCD value,
ranging from 0000 to 1001. Each input line can be"eitherlogic 0 or logic 1.
The decoder has seven output lines (a, b, ¢, d, e, f and g) that correspond
to the seven segments of the display. Eachfoutputiliné can be either logic 0
or logic 1.

Depending on the type of displaygthe output lines can. gither be common
cathode (CC) or common anogde (CA) lines. In a CCdisplay, the output lines
are connected to the anodes of the:LEDs and a6gic 1 turns on a segment.
In a CA display, the output lines are connected to the cathodes of the LEDs
and a logic 0 turns-en asegment.

The decoder_ uses a truthtable or &logic diagram to determine which
output lin€s should be activatedfor each input value. For example, to
display the number 3, the.output lines a, b, ¢, d and g should be activated.
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3. Robotics integrated projects

3.1 Arduino tone generator

Programming an Arduino to produce audible changes in the
output of a speaker

An Arduino is programmed to simulate a square output wave. This is fed to
the input of an audio amplifier which will intensify the signal. The outputis a
speaker. Any change in the programming frequency or amplitude of the input
signal will result in an audible change in the output signal. The frequency
will be set using a potentiometer that is connected to an analog input on the
Arduino.

Components list

COMPONENT QUANTITY

10-Q resistor (Rq) 1
10-kQ variable resistor (VR,) 1
220-yF electrolytic capacitor (C) 1
10-yF electrolytic capacitor (C,) 1
0,1-uF capacitor (Cg) 1
8-Q speaker 1
LM 386N IC 1
IC socket (8-pin IC holder) ‘6\0 1

[
) Speaker
@i ;
>
‘\00 Figure 3.1.1: Circuit diagram - electrical components
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L

9V

A

i 2 g 10 pF
—RESET DO/RX—— alw)
—|RESET2 D1/TX—
—|AREF D2[—
10 kQ_Hioper D3 PWI
2 A ArduinoDSP\Z“r— | —lwo
Uno R

—A1 D6 PWM—— 0,22 mF
—A2 (REV3) D7— _‘1ka 2 5 211 1
_m D8 2 3 Il B
—{A4/sDA D9 PWM—— 2 : » | Speaker
——AS/SCL D10 PWM/S§—— <

D11 PWM/MO§F—— w .

D12/MISq—— S~ s
D13/SCK— 210Q

—N/C a g

=z

(V)

N
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Figure 3.1.2: Circuit diagram of the tone generator
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Figure 3.1.3: Breadboard design for the tone generator

Connect the/potentiongeter to the analog input pin (A0) and the speaker to the
output pin (9) on your Arduino board.

Code

Youwill need to write the code to program an Arduino to produce audible
changes in the output of a speaker.
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/1l Pin assignnents

potenti oneterPin = AQ; /| Potentioneter anal og
i nput pin

speakerPin = 9; /| Speaker output pin

setup() {
pi nVbde( speaker Pi n, QOUTPUT) ;

}

l'oop() {
/'l Read the anal og i nput fromthe potentioneter

pot Val ue = anal ogRead( pot enti onet er Pi n) ;

/1 Map the potentioneter value to a frequency range
frequency = nmap(pot Val ue, 0, : ) );

/'l Cenerate the tone on the speaker pin
t one(speaker Pi n, frequency);

/] Wait for a short duration
del ay(100);

Figure 3.1.4: Example of the Arduino code fo

In this code, we first define the pin assignme r Q entiom er and
the speaker. In the setup() function, we set the speaker pin as ?\ put.
Then, in the loop() function, we continuously ut from the

e anaé 3
potentiometer using analogRead(). Wi ap the potent er value from the
range 0-1023 to a frequency ran 00 Hz the map() function.

Finally, we generate the t speake %smg the tone() function,

passing the calcula < * cy as a eter to the tone() function. We
also 1ntroduce a o 100 conds between each sample from
the potentio
SH

R\

project
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3.2 Robot-controlled electromagnet

Programming a robot to move and pick up a metallic object
using an electromagnet

This program prompts a robot (buggy) to move from position A to a certain
location where it will pick up a metallic object using an electromagnet. The
arm lifts the object and moves it to point B, where the object is released. The
buggy then returns to point A.

The electromagnet can be as simple or as complicated as you like, as long
as it has a metal core (to concentrate the magnetic field) with a number of
insulated copper windings around it. The simplest magnet would be wire
wrapped around a few nails.

The current supplied by the output of the robot will not produce an adequate
magnetic field. A second power source is needed.

Factors that determine the strength of the electromagnet:

» Size of the battery - the bigger the battery, the more current it supplies

»  Type of core - a soft metal core is preferable

*  Number of wire windings around the core — the more windings, the
stronger the magnet.

Components list

COMPONENT QUANTITY

On/Off switch (could be electronically controlled by robot) ((9\\) 1
"
5-V relay with at least one normally open switch \QO 1
. A\v
Electromagnet - homemade 0\\\ 1
9-V or 12-V battery ¢ Q\ N 1
9V
On/Off |

= | |

©

e

S

o

Y—

[3+]

O

& 5.y / L

2 rela

= y o

Q'

=

O

Figure 3.2.1: Circuit diagram - electrical components
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Figure 3.2.2: Circuit diagram of the electromagnet robot system
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ngure g)&g\ Breadboard circuit for electromagnet buggy
Q@
,&(\

You v{lﬁ-’have to wrlte the code to program an Arduino to move to a specific

66.\\' pi ns

not or APi n1 = 6; r A control pin 1
not or APi n2 = 5; r A control pin 2
not or BPi n1 = 4; B control pin 1
not or BRPi n2 = 3; B control pin 2

/| El ectromagnet pin
el ectromagnetPin = 2; // El ectromagnet control pin
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setup() {
/1l Set notor pins as outputs

pi nMbde( mot or APi n1, OUTPUT) ;
pi nVbde( mot or APi n2, OUTPUT) ;
pi nVbde( mot or BPi n1, OUTPUT) ;
pi nVbde( mot or BPi n2, OUTPUT) ;

/'l Set el ectromagnet pin as out put
pi nMbde( el ect r onagnet Pi n, OUTPUT) ;

/1 Stop initially
stop();

loop() {

// Move to first location
nmoveFor war d( ); /1 Move forward for 1 second
del ay( ) I/ Wait for 0.5 seconds

/'l Activate el ectromgnet
act i vat eEl ect romagnet ( );

/'l Move to second | ocation
noveBackwar d( ); [/ Move backward for 1 second
del ay(500) ; /1 Wait for 0.5 seconds

/| Deactivate el ectromagnet
deact i vat eEl ect r omagnet ( );

/1 Do not hi ng
( )i

/1l Function to nove the buggy iorward

noveFor war d( duraticn) {

digital Wite(mtorAPi n1, H GH);

digital Wite(notor AR n2, LOW;

digital Wite(mtorBPinl, H GH);

digital Wite(notorBPi n2, LON;

del ay(duration);

stop();

R\ /1 Function to nove the buggy backward

66.\ noveBackwar d( duration) {
digital Wite(notorAPi nl, LOW;

digital Wite(nmotorAPi n2, H GH);

digital Wite(nmotorBPinl, LOW;

digital Wite(nmotorBPin2, H GH);

del ay(duration);

stop();
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/1l Function to stop the buggy
stop() {
digital Wite(notorAPi nl, LOW;
digital Wite(notorAPi n2, LOW;
digital Wite(notorBPinl, LOW;
digital Wite(notorBPin2, LON;

/1l Function to activate the el ectromagnet
acti vat eEl ectr omagnet ( duration) {
digital Wite(el ectromagnet Pin, H GH);
del ay(duration);

}

/'l Function to deactivate the el ectromagnet
deact i vat eEl ect r omagnet ( duration) {
digitalWite(el ectromagnet Pin, LOW;
del ay(duration);

}

Figure 3.2.4: Example of the Arduino code for this project

In this code, we define the motor pins (motorAPin1, motorAPi torBPinl1,
motorBPin2) for controlling the two motors that drive th
We also define the electromagnet pin (electromagnetPin

deactivating the electromagnet. ‘

In the setup() function, we set the motor pins/and the electro pin as
outputs. We also call the stop() function to ens at the is initially

not moving. LA
Q&

In the loop() function, we can'ere quen&@eps that the buggy

will follow. For our initia it moveé\ ard, activates the

electromagnet, mov rd and t\h&{@leactivates the electromagnet.

Each action t\s can fs@m will have its own function that we

can call to create the’sequen %vel—‘orward(), moveBackward(), stop(,
gnet() anddeactivateElectromagnet(). Except for the stop

of the ctions will have a duration parameter that will tell

g to waij ore executing the next function.
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3.3 Arduino waveform display

This program allows an input-output wave comparison

The following inverting operational-amplifier circuit uses a LM741 op-amp.
This op-amp is built on a breadboard. The input is a 1-kHz (2-V peak-peak)
sine wave. In this circuit the gain will be 1, but the aim is to show that the
input and output is 180° out of phase with each other.

The Arduino is used as an oscilloscope to display the two waveforms.

R

f

Figure 3.3.1: Circuit diagram - electrical componenq
Component list O

QUANTITY

COMPONENT

LM741 op-amp IC

1-kQ resistor (Rp)

1-kQ resist : ) 1
resistor (Rm) \ \({\,

5V
3,3V
S W

|
Pl
(%]
=
- =
>

|
>
-
m
aal

A0 Arduino
Al Uno
A2 R3

O - NWHUIO 0O

GND
—|GND

E ?\66 Figure 3.3.2: Circuit diagram of Arduino connected to an inverting op-amp
circuit
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Connect V;, to analog pin 0 (A0) and V, to Analog pin 1 (A1) on your
Arduino. Download the following script onto the device:

anal ogPinl = A0; // Analog input pin 1
anal ogPi n2 = ; /] Analog input pin 2

setup() {
Seri al . begi n(

}

l'oop() {
sensor Val uel anal ogRead(anal ogPi n1); // Read anal og

i nput 1
sensor Val ue2 anal ogRead(anal ogPi n2); // Read anal og
i nput 2

/'l Send the sensor values to Serial Plotter
Serial . print(sensorVal uel);
Serial.print(*,”);

Serial . println(sensorVal ue2);

Serial.flush();

Figure 3.3.4: Example of the Arduino co- project
In this code, we define the analog input pins A0 an , where B@g\lgnal
to be measured is connected. In the setup() funetion, we ini@l%e the Serial
Communication with a baud rate of 1 Whe baud ra@\ghould match the

baud rate that will be selected in e otter. Q\\<\
Inside the loop() function; e anal

N
?’uts using analogRead(). We

store the values in se el and sensgr,Value2. Then, we send both values
to the Serial Plotter er al.prigﬁ}‘e d Serial.printin(). The values are
separated by.a 3 at t% serial plotter will use to distinguish between
the two input QA

)u open tha‘é,erial Plotter in the Arduino IDE and select the
aud rate (115200) to match the one set in the code. You should now
le to vim&@ waveforms of both analog inputs on the Serial Plotter.

\
éﬁG}
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This is an additional project that can be used for enrichment or as a substitute for
any of the projects.

3.4 Ultrasonic distance display

Two seven-segment displays connected to an ultrasonic
distance sensor

You will manually select the input code which will then be displayed on the
seven-segment digital display.

oV Common
cchth?de
isplay
?i 16 4|_ 13 — R a
LT +. B 7 ]
Switches 12 LT R5 b H
T 7 11 — c
5, ] 4511 0 — R7 P
o€ o BCD to ZE 3 RB =
' 2_ segmen —
ot ¢ ' 2 degcoder 2 | R9 =
! 53 : 6 15 10 ¢
Lol 14 Ry
4-bit
BCD LE GND
input R,| Ry 5 8
.\O
4x1kQ = e\%
Figure 3.4.1: Circuit diagram - electrical ¢ onents
. Q\\
Component list \\ (\@,
QUANTITY
CD4511 BCD to 7-segment decoder IC \0 1
Seven-segment display (common ) 1
1-kQ resistors (R;-R,) * (o 4
470-Q resistors (R5—Ri§$\ 7
Switches (SPST&-SLI) 4
N ’(}
~)
\0(\

66\
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1 3 16 4 13 a
£33 7 B‘ T vdd BL [5 b
- L
7 4511 11 C
— 11 f b
RST 10 1 BCDto7-  [10 d
segment (D)
—IOREF 9 2 decoder 2 £
] 6 15 f
+ AREF 8 14 | | c
v  — SO/ LE GND o\
power —— A0 Arduino 6 5 8 m
| —1A1 Uno 5
—1A2 R3 4
—1A3 3 = = —
A4 2
Pee i I
= e 3164, a
T vdd BL [;5 b -
7 4511 11 <l e b
1 BCD to 7- 10 d
= = 2 segment 9 el KO
6 decoder 15 ¢
el C
LE GND 14 £
5 8 —

Figure 3.4.2: Circuit diagram for two seven-segment displays
connected to an ultrasonic distarnce sensor.
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Eoo 00000000 oo0o0E
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Go o 00000000000000000 ocoog
HO © ©00000000000000000 ocoopy
100 0000000000000 0O0O0 e~ ocoo]
joo 00000000 o cooj
5] 10 60
o 00000000 tt‘ do oo
000000000 o oo oo

1
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RESET
-~

Figure 3.4.3: Breadboard design for the ultrasonic distance display
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The Arduino can be used to generate the standard four-bit BCD code (0 to 9) or
just randomly generate a four-bit BCD code (0 to 9) which is then displayed on
the seven-segment digital display.

echoPin = 2; /1 Echo pin of the ultrasonic
sensor

trigPin = 3; /'l Trigger pin of the ultrasonic
sensor

bcdCut put s1[] , 9, 8}; // Qutput pins for
first BCD code

bcdQut put s2[ ] , 6, 5, 4}; /] Qutput pins for

second BCD code

setup() {
pi nMbde(trigPin, OUTPUT);
pi nMbde( echoPi n, | NPUT) ;

( i = 0; 0 < 4; i++) {
pi nvbde(bcdQut put s1[i], OUTPUT);
pi nvbde(bcdQut put s2[i], OUTPUT);
}

l'oop() {
/1 Trigger the ultrasonic sensor

digitalWite(trigPin, LON;
del ayM cr oseconds( 2)
digitalWite(trigPin, H GH;
del ayM croseconds( 10);
digital Wite(trigPin, LOWN;

/'l Measure the echo pul se duration
duration = pul seln(echoPin, H GH);

// Convert duration tc distance in centimeters
di stance = duraiion / ;

// Display disvance as two BCD codes
tensDi git = distance / ;
onesDigit = distance % 10;

displayBcD(tensDigit, onesDigit);

/'l Time delay before taking the next sanple
del ay( );
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displayBCD(

bcdCodes| ]
B0O00O, //
BO0OO1, //
B0010, //
B0O11, //
B0100, //
BO101, //
B0110, //
BO111, //
B1000, //
B1001 //

© 00N o1l WN PP O

b

// Set output pins based on BCD codes
(0 =00 <4 i+ |
digital Wite(bcdQutputsl[i], bitRead(bcdCodes[tens], i));
digital Wite(bcdQut puts2[i], bitRead(bcdCodes[ones], i));

}

}

Figure 3.4.4: Example of the Arduino code for this project

In this code, we define the trigPin and echoPin, represent r and
echo pins of the ultrasonic distance sensor. We also d arrays which
contain the pin numbers for the eight output pins o lay the BCD

codes
.\O
In the setup() function, we set the trigPin as a tand t@\%hoPin asan

input. We also set the outputPins as outputs usmg a for LQO

In the loop() function, we trigger t asomc u{*l r to start a measurement.
We calculate the duratio 0 pulse nvert it to a distance in
centimetres. We the thetens and@ s digits from the distance.

Next, we call D() fu C’B&l to set the output pins based on the BCD
codes for the tens and ones d1 JThe displayBCD() function takes the tens

ts paramet and sets the output pins accordingly.

e

rint th(ﬁ}stance to the Serial Monitor and introduce a delay of
lisecon djust as needed) before starting the next measurement.

Make S %(\connect the ultrasonic sensor’s trigPin and echoPin to the
app ku) ate Arduino pins, and connect the eight output pins to a BCD-to-7-
ent display or any other output mechanism you prefer to visualise the
6\ CDh codes
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Exemplar Paper 1: Theory

Total: 100

Time: 4 hours

QUESTION 1: Magnetism, electromagnetic circuits and
related concepts

1.1 Write down the TWO laws of magnetism. 2)
1.2 Define the term magnetic flux. (2)
1.3 Calculate the flux density at the poles of an electric motor if the total

flux is 0,254 Wb in an area of 0,004 m?2. (3)

1.4 Make a neat, labelled drawing to show the magnetic fields around a
current-carrying conductor. Indicate the magnetic field direction as

well as the current direction. (2)
1.5 Explain how the strength of a solenoid’s magnetic field can be

increased. (¢D)]
1.6 Briefly explain how a lifting magnet works. (2)

through a magnetic field to produce an induced emf o

1.7 A conductor that is 120 cm long moves at a velocity of 275 cmt
Calculate the flux density of the magnetic field. 3)

[15]

QUESTION 2: Electrical supply systems, ransfor@@%,
DC machines, series-parallel networ circ)gjg@‘

2.1 Calculate the efficiency of a fi r if it is.rated as 3 KVA. The
copper and iron losses amountto 150 VA. ,b'\ 4
2.2 A three-phase trans nnectei{\&\shown below. Calculate the
v

secondary pha that wﬂ}&\@ply the load. 3)
O

\ 1503

o —
N\ VA e
® B

@O 23 W ?s' meant by a TNC supply with respect to construction sites? (@)

2.4(&&/ ich of the three examples shown below is NOT a cooling method
used in transformers?

N
66\\' Air-blast oil-cooled
?\

Oil-forced air-cooled
Air-blast air-cooled

Oil-forced air blast (@)
2.5 Write down Kirchhoff’s laws for series and parallel circuits,
respectively. ()
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2.6 Choose the correct answer from those provided.

The total resistance for the circuit shown below is . (@))]
a) 590 QO
b) 221,224 O
c) 121,22 Q
V,=9V R,=100Q
R,=2200Q R,=270Q

2.7 Two columns are shown in the table below. Match the type of cell in
COLUMN A with the correct properties for that cell in COLUMN B.
Write down only the question number and the letter of your choice,

e.g. 2.7.1F. 3
2.7.1 Lead-acid A + Must be completely discharged before charging

* Has thicker and stronger plates
* Canbe charged many more times

2.7.2 Deep-cycle B ¢ Lifespan between two to three years
* Excessive charging and heat influence lifespan
» Very expensive
* Very light-weight
* Environmentally friendly '(\
* Do not have any self-discharge 0
* Wide variety of shapes and size Q@‘

2.7.3 Lithium-ion @ C e+ Have lifespan of about th &'four years.
* Robust and reliable \Q

¢ Deliver high curr
* Wide range of and capacities
* Heavy an ky

xO

ectro \ﬁbmponents and semiconductors
e the t

(15]

low by naming THREE factors that influence the

Clﬁc resistgnce of a conductor and providing the units of measure
O used i 1 latlons
@ }ALTOR INFLUENCING RESISTANCE | UNIT OF MEASURE
3.1.1
< > \O

6\ 3.1.2

3.1.3

(3)

3.2 What are the main colours of the three subpixels in a liquid-crystal
display (LCD)? (@)
3.3 Name TWO applications of an LCD. 2)
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3.4 Which segments must light up in each of the illustrations below to
represent the number 36,2? Write down the question number and the
applicable letters.

3.4.1

3.4.3

DP——+—

A——]
B——
C—3—
D——+—
E——1—]
F—1—
G——
DP——+—

LB

o

}

A —1+—
B —1+—
C—/——3—

E——
F—3—
G—/——]

LB

o

a
i

3.4.2

3.4.4

(2)

A—"1+—
B ———1+—
C——71—

E—3—
F———

DP——+—

A

62
D>

©)

A—1+—
B —1+—
C——1—

E—3—
F———
G———
DP——+—

0

e

2%

3.5 Draw neat waveforms of the input compared to the output for the

single-stage transistor amplifier shown below. (2)
V=12V
o}
> VOUI
Vin
J__
3.6, ‘The'IEC symbol for an operational amplifier is shown below. Identify
the terminalslabelled A, B, C and E. (2)
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3.7 The questions that follow are based on the capacitor shown below.

—

3.7.1 Identify the capacitor. (@)
3.7.2 What must you bear in mind when you connect this
component into a circuit? (@)

3.8 A circuit showing capacitors connected in series and parallel is
shown below. Determine the following:

3.8.1 The equivalent capacitance (C,,) for the parallel section (no

calculation required) (¢))]
3.8.2 The total capacitance for the circuit. (3)
C,=200 pF
:|_C{3 =800 pF
C,= 500 pF
3.9 Name TWO applications of controllers in everyday life( (2)
[20]

QUESTION 4: Electrical components;symbols, circuit
drawings, prototypingiand design

4.1 Identify the components labelled (a), (b) and (c) in the circuit diagram
below: (3)

|
l =EC)

(9

(b)
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4.2 Complete the following table with reference to electronic
components.

COMPONENT IEC SYMBOL

4.3

4.4
4.5

4.6

66\

R

— 1162

NPN Transistor

Discuss the advantages of building a circuit on a breadboard as
opposed to a Veroboard.

Why should a soldering iron always be switched off after use?

The diagram below shows part of a circuit. What will the voltmeter
reading be given this resistance and current readings?

180

With reference to the circui
connected in parallel or i

\O

Qhe resistors are
otlvat

Al
e

| IS |

500 Q|:

@iy the circuit below and answer the questions that follow.

3)

(2)
1)

1)

(2)



4.8

{ | NCV3 Introduction to Electronic and Digital Concepts for Robotics Lecturer Guide ‘ ‘

4.7.1 1If a fourth resistor is inserted into the circuit in parallel, how will

it influence the total resistance of the circuit? @
4.7.2 How will the addition of this fourth resistance impact on the
total current through the circuit? (¢))]

The questions that follow refer to the circuit shown below:
R;=R,=10Qeachand V;=9V.

—1

R,=100Q

R,=10Q

V=9V

| | ‘ |

| I
4.8.1 Calculate the total resistance of this circuit. 3)
4.8.2 Calculate the total current flowing through the gircuit. 3)

[20]

QUESTION 5: Electronic tools and equipment

5.1

5.2
5.3

54

5.5

State what can be measured by using each'efthe following measuring
instruments:

5.1.1 Multimeter

5.1.2 Oscilloscope

5.1.3 Functiongenerator 3)
Explain what the calibration of a fgeasuring equipment means. (@)
State whethenthesfollowing statements are TRUE or FALSE.

5.3.1 Antanalogue multimeter uses a needle to indicate readings on a
calibrated scalé.

5.8.2 /An oscillescope can show the phase displacement between two

waveforms.
5.3.3 A@igital multimeter cannot measure a greater variety of values
than an analogue meter. 3)
5.421 What is a parallax error with reference to measuring
instruments? (1
5.4.2 State how this error can be prevented. (@)

A clamp-on meter is used to measure the current flowing in a single-
phase system with a live and a neutral conductor.

5.5.1 Identify the correct method from the figures shown below.
Motivate your answer. @))

5.5.2 Briefly discuss the problems with the other two methods. 2)
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—1 164

66\

_—

T/@

5.6 Complete the table below by: naming THREE tests that are performed on
any new household installation before it is commissioned (switched on
for the customer), providing the meter setting and stating the acceptable
reading for the tests conducted.

TEST METER SETTING ACCEPTABLE READING

(3)

[15]

QUESTION 6: Digital systems, PLCs .and C|ples\o(\
6.1 Inyour own words, define the t truth 2)
6.2 How many switching combi ossmlei\ two inputs into

any logic gate? (@)
6.3 Draw a labelled swit iagram for Q@ -input OR gate. 2)
6.4 Identify the lo below complete a truth table for

this gate. 3)

0
>1
—Q
ve TWO ons Why PLCs are better suited for industrial

autom@l applications than relay logic. )
6 6 N e blocks labelled (a) and (b) with reference to the block

\511 gram of the PLC given on the next page. )

\30
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Power supply

Q
=}
ﬁ ° ﬁ
(@]
From sensors (a) E To output
Push-buttons, §_ solenoids,
contacts, limit 8 contactors,
switches, etc. alarms, etc.

Programming
device

6.7 Draw the ladder diagram that is represented by the truth table shown

below. 3)
0 0 0
0 1 1
1 0 1
1 1 1
S~ ‘\OQ [15]
©
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Exemplar Paper 2: Design related

Total: 60

Time: 3 hours

QUESTION 1: Magnetism, electromagnetic circuits and
related concepts

1.1 Electromagnetic induction is the production of an electromotive force
(emf) or voltage across an electrical conductor due to the movement
between a conductor and a magnetic field (as shown in the figure

below).
1.1.1 What needs to take place between the coil and the magnet to
produce an emf? (@)
1.1.2 What can be done to increase the magnitude of the
induced emf? (@)
-Z&%O O
OO
1.2 The sketch below indicates the experiment that ne to
determine the direction of t fleld nd a bar magnet.

Complete the drawing b

around the magnet.
Q\OO O
N
N

\ s] O

O & 00 o
S
>
(a,(\Q 4]
Q@ STION2 Electrical supply systems, transformers, DC

66\’\\'nach|nes series-parallel networked circuits

dieating the d1 n of the compasses

s\\(\ 2)

N

2.1 The following three-phase transformer was connected in delta-star
and then connected to a supply. By means of two neat sketches, show
how a multimeter, set to voltage scale, should be connected to measure
any phase voltages (on the primary and on the secondary sides) of
the three-phase transformer shown below. You must redraw the
transformer. 4)
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L1 ———— 11
; \ N

L2

L3

L2
L3

e\\

2.2 Before one uses a battery to power an inverter system, it is important
to know which operating voltages should be used with no load as well

as at full load. Show, by means of a neat sketch, how to measure the
emfand the pd of a battery.

2.3 A car’s battery is faulty. Keep in mind that the relative density of the
electrolyte is the ratio of the mass of a unit volume of the electrolyte
to the mass of the same volume of water (or specific gravity of the
electrolyte). The relative density of a fully charged cell is specified by
the manufacturer and is generally in the region of 1 230 to 1 280.
Explain how you would test whether the relative density level of the
battery is acceptable. Refer to the density of the electrolyte as well as
the instrument you would use.

2.4 An electric motor was disassembled to inspect the parts. Once the
rotor section had been removed, the technician observed the parts as
shown in the picture below.

Identify the parts labelled as A to F in the sketch of thé rotor.

(2)

3

3)

[12]

QUESTION 3: Electronic components and semiconductors

3.1 \Before'using a AN4007 diode to build a rectifier circuit (or any other
Circuit), we-fieed to perform certain tests to ensure the diode is fully
functionaly
Explaint how you would use a multimeter to test whether the diode is
fully functional and state the acceptable as well as the unacceptable
readings.

3.2 Explain, with the aid of a neat, labelled sketch, the TWO methods
used to identify the terminals of an LED correctly.

3.3 You have been asked to design an electronic circuit to display a
digital number (to represent voltage or current) by means of a seven-
segment display.

Using the integrated circuit given on the next page, draw the circuit

(3)

)

diagram needed to display the number seven (7) on the seven-segment

display. Include a battery in the circuit.

()
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()
gfoap AT /\@\
B—  1—
c———1 |F B
D—+—
\/ \/
e——F— K6 X
F——
6——F+— |E c
DP————
e d2cDP ¢ \V
2 NI

3.4 A Zener diode is required to regulate a set voltage cross it. In the circuit
shown below, a 12-V battery is connected in series to the Zener diode and
a 134-kQ) resistor.

Zener

3.4.1 Calculate the voltage drop across the di 5)
3.4.2 Select an appropriate Zener diode
provided. 1

PART ZENER TEST CURRENT REVERSE DYNAMIC RESISTANCE !  SURGE REGULATOR
NUMBER VOLTAGE LEAKAGE - CURRENT CURRENT
CURRENT 0

1N4728A 75 1 100 10 400 1380 276

1N4729A 33 69 1 50¢, * 1 10 400 1260 252
<

1N4730A 3,9 64 1 (OS\()O 1 9 400 1190 234

1N4731A 43 58 Q‘)(\ 10 1 9 400 1070 217

1N4732A 4,7 53 (\?}' 1 10 1 8 500 970 193

X © S
?Q 3.5 The following transistor circuit was built on a breadboard, but the
value of the currents flowing in the circuit is not given.
Copy the circuit given on the next page and show how you would
connect a digital multimeter set to the milliampere scale to measure
the current flowing out at the emitter terminal. (@)
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3.6 A single-stage transistor amplifier with a collector resistor of 34 () is
shown in the circuit diagram below.
3.6.1 Determine the maximum current that can flow through the
transistor. 3

V=12V
"] ’
C, °
| |
|
R VOUT
2
al
/
1
. OQ pp—
3.6.2 From the data sheet shown belo elect a suitab nsistor

for this circuit. Keep in mind the safety of theq@hponent when
selecting the transist : (\\' (¢D)]
k N
. ) O

NPN TRANSISTORS

CODE STRUCTURE SE Ic MAX. | Vcog MAX. | Hpg MAX A CATEGORY POSSIBLE
TYLE o (TYPICAL USE) SUBSTITUTES

BC107 TO18 100 mA 45V 110 300 mW Audio, low power BC182 BC547
BC109 NPN TO18 200 mA 20V ra@Q 300 mW Audio (low noise), BC184 BC549
@ low power
BC182 NPN TO92C 100 mA S%V((\ 100 350 mW General purpose, BC1077
low power BC182L
BC547B NPN TO92C 100 mAa'S\Q 45V 200 500 mW  Audio, low power BC107B
2N3053 NPN TO39 V{)&mA 40V 50 500 mW General purpose, BFY51
(\ low power
TIP31A NPN 8@}9 3A 60V 10 40 mW General purpose, TIP31C
6 high power TIPA1A
TIP41A NPN V TO220 6A 60 V 15 65 mW General purpose,
high power
2N3055 NPN TO3 15A 60V 20 117 mW General purpose,
high power
[20]
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QUESTION 4: Electrical components, symbols, circuit
drawings, prototyping and design

4.1 In order to design simple electronic circuits, it is important to identify
electronic components and know which symbols are used to represent
each component.

Identify the components given in the table below and provide the

symbol for each of them. (6)
4.1.1 4.1.2

ﬂ 414
416 \C‘J\OQ
©
. (\’\,
O
,&Q
QO

\\S\G
4.2 You hav \ to des ﬂ\Qsmlple series circuit consisting of a
9-V battery, a resistor a
! raw the ser %‘Clﬂt you have designed. 3)

alculat alue of the resistor that you must use in the
c1rcuggt rotect the LED from blowing if it has a rating of
(3)

Th @Q‘e below shows an IC connected onto a breadboard. Give a
n why the IC must be connected as illustrated. (¢))]

O<\ '\T +
66\ g

OOOOOOOOOOO OOOOOO
OOOOOO 000000

OOOOO 0000000
OOOOOOOOOOOOOOOOOOOOOO
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4.4 The given circuit must be built on a breadboard. Draw the breadboard

layout for this circuit on the breadboard provided below. (5)
IDO o 000000 o oo o o I
+ | 000000000000 0D0000000D0O0OOOOOOOO
o o + +
: T T T I T T
SWltCh DC mOtOr *—00000O0O0OO 0;0 ©0o0O0O0OO0OO O:z:;gg:::;z—
T 000000000000 0000000000O0O0O0OOOOO™™
“000000000000000000000O0O0OOOOOOO=<
. 0000000000000 000000000O0O0O0O0OOO O
ReSlStO “- 0 00000000D00D00DO0O0ODO0OODOOOOOO0OOO0OOO0O0O0 %
+
Battery WO0OO0OO0O0D0D0D0D0D00D0D0O0D0D00D00D00D000000O0O0COO0OCUW
T T O0OO0O00000000000000D0D0D000O0O00O0O0O0OO0OOOT
LED UO0OO0OO0OO0O0D0D00OO0D0O0DO0OO0OO0DO0ODOODOOOOOOOOOOOOU
/ £D00000000000D0O0DO0O0OO0OOO0OOOOOOOOOO0OOOLQO
/ MO O0OO0OO0D0D0D000D00D0D0D0D0000D000000000O0O0O0T®
CANmMYTnoOor®0 2RI 2IIJAILRRNRAR
I OOODDOOODOOOOOOODOOODDOOODOOOI
0 00O o o o oo o o o oo
+ +

4.5 The following circuit was built on a breadboard to prove Kirchhoff’s
current law. If the three resistors have the same values and the
current readings are as given in the figure below, what will the

current reading on the first meter be? 2)
Current through Current through Current through
1 2 3
[ 8 [299malf] [2s0ma I8
T bA
52558566833335655832 33E5E588

¥

Total current reading

QUESTION 5: Electronic tools and equipment

5.1 A circuit was connected to an oSgillasCope and-the waveforms shown on
the next page were observed. The oscilloscppe display with its time and
voltage settings is given. Determine thefollowing:

5.1.1 the voltage of'both waveforms 2)
5.1.2 thefrequency’of the waweforms @
5.1.3 “the phase angle between the two waveforms. @

<V

L

20 ps

AN

Y

T/div

™~
=t
x<
o
/LH’I:_IIII/II/H'

=<2

_/

L P

0,5

\:_

y

/ B/div

/
\

[
\

[4]
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QUESTION 6: Digital systems, PLCs and principles

6.1 Logic gates are the building blocks of digital circuits. Logic gates will
make decisions based on a combination of digital signals from their
inputs. Draw the IEC symbols for the following logic gates and give the
Boolean expression for each gate.

6.1.1 NOR gate (2)
6.1.2 XNOR gate ()

6.2 The following switching circuit was built on a breadboard. Identify
the gate represented by this circuit diagram and draw the truth table
for this logic gate. 3

Switch

Battery _—

ﬂ Relay

6.3 Design a simple logic circuit that will match the following Beolean

expression:
F=XY+X.Z 4)
6.4 The figure below represents'a simple”logic circuit. Answer the questions

that follow.

A |

By 5

21 1 O—Q
oy

6.4.1 How many input combination will a truth table for this circuit
have? (1
6.4.2 Draw the truth table for this logic circuit. 4
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6.5 You have designed a ladder diagram. Explain the operation of this

diagram to a friend. (@Y)]
A T1/k5
|| O
| \ ./
T1 F
|| O
| \ ./




” Addendum B: Exemplar Papers |}

Exemplar Paper 1: Theory

Memorandum

Total: 100

Time: 3 hours

QUESTION 1: Magnetism, electromagnetic circuits and
related concepts

1.1 Write down the TWO laws of magnetism. 2)

Like poles repel each other and unlike poles attract each other.

1.2 Define the term magnetic flux. (2
Magnetic flux refers to the number of magnetic field lines produced by
a magnet perpendicular to a given surface.

1.3 Calculate the flux density at the poles of an electric motor if the total

flux is 0,254 Wb in an area of 0,004 m?2. 3)
_0
B=2

_0.254 Q
B= 0.004 O

B = 6.35 Tesla (T) or (Wb/m2)
1.4 Make a neat, labelled drawing to show th netic ¢®S around a

current-carrying conductor.
Indicate the magnetic field ’o well aﬁ‘k\e current direction (2)

-
W
S?@g ,\» .
Current-carrying
@ Dwecéos current flow conductor
O laﬁ}%N the strength of a solenoid’s magnetic field can be
sed €))

(\{aThe strength of a solenoid can be increased by increasing the number of

E 66\\30 turns in the coil or by increasing the current through the coil.

1.6 Briefly explain how a lifting magnet works. (2)

When current starts to flow through the coils of the lifting magnet,
magnetic fields are formed around it, changing it into a magnet and
allowing it to pick up metallic objects.

When current stops flowing through the circuit, the lifting magnet will
be switched off; thus losing its magnetic characteristics and dropping the
metallic objects.

————1{174
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A conductor that is 120 cm long moves at a velocity of 275 cm/s

through a magnetic field to produce an induced emf of 100 V.

Calculate the flux density of the magnetic field. 3)
E

lexv
_ 100
ﬁ'1,2x2,75

B=3030T

(Note: The original formula is E = Blv. Here B is the subject of the formula.)

QUESTION 2: Electrical supply systems, transformers,
DC machines, series-parallel networked circuits

2.1

2.2

2.3

2.4

2.5

Calculate the efficiency of a transformer if it is rated as 3 kVA. The
copper and iron losses amount to 150 VA. 4

P, =P, * losses =3 000 + 150 = 3 150 VA

_ Py _ 3000 _
n —PL;I;‘&SX 100 =35, * 100 = 95,24%
A three-phase transformer is connected as shown below. Calculate the
secondary phase voltage that will supply the load. 3
V, =11 Kv 150:3
L, : L,
N
L, | L,
3 L3

The primary is connected in delta'so V; = Vp; = 11 KV,
Vsec(ph) _ Ns _ (11 000)@). _
Vorimpi = Np VsEe T, 1507 w220V
What is meant by.a,TNC supply with respect to construction sites? D

The neutral conductor and the protective earth are combined throughout
the network in.a single conducter, the PEN conductor (called a four-
conductorsystem).

Which of the three\examples shown below is NOT a cooling method
used’in transformers?

Alr-blast eil=Cooled Oil-forced air-cooled

Air-blast'air-cooled Oil-forced air blast (@))

Air-blast air-cooled

Write down Kirchhoff’s laws for series and parallel circuits,
respectively. 2)

Series circuit:
. The current flowing through all the components is the same.
. The voltage drops around the circuit add up to the supply voltage.

Parallel circuit:

. The voltage drops across all branches are the same.

. The current entering a point is the same as the current leaving
a point.
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O

66\

— 1176

2.6 Choose the correct answer from those provided.

The total resistance for the circuit shown below is . (@))]
a) 590 QO
b) 221,224 QO
c) 121,22 Q
V,=9V R,=100Q
R,=2200Q R,=2700Q

b) 221,224 0Q

2.7 Two columns are shown in the table below. Match the type of cell in
COLUMN A with the correct properties for that cell in COLUMN B.
Write down only the question number and the letter of your choice,

e.g. 2.7.1F. 3)
2.7.1 Lead-acid A+ Must be completely discharged before
charging

¢ Has thicker and stronger plates
e Can be charged many more times

2.7.2 Deep-cycle B « Lifespan between two to three years
* Excessive charging and heat influence

lifespan o
» Very expensive ‘6\0
* Very light-weight <

¢ Environmentally friendly \,
* Do not have any self—dQ
e Wide variety of s nd sizes

2.7.3 Lithium-ion C + Have 11fespar&\&bout three to four years.

* Robust liable
. lét. gh currents
% range of sizes and capacities
avy and bulky 15
QQ\ [15]

(@
@iv s

QU?ES*}ON 3: Electronic components and semiconductors

Complete the table below by naming THREE factors that influence the
specific resistance of a conductor and providing the units of measure
used in calculations.

FACTOR INFLUENCING RESISTANCE UNIT OF MEASURE

3.1.1  Length (8) of conductor Metres (m)
3.1.2  Cross-sectional area (A) Square metres (m?)
3.1.3  Resistivity of material (p) o.m

(3)
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3.2 What are the main colours of the three subpixels in a liquid-crystal
display?

Red, green and blue (commonly called RGB)

3.3 Name TWO applications of an LCD (liquid-crystal display).

Any two correct answers:

Laptops

Digital clocks and watches
Microwave ovens

CD players

1)

(2)

3.4 Which segments must light up in each of the illustrations below to
represent the number 36,2? Write down the question number and the
applicable letters.

3.4.1

3.4.3

3.4.1
3.4.2
3.4.3
34.4

3.4.2

|
W

il

(@)

344
A—1—

C—/———
D ———
E—3—
F——
G —/——]
DP——+—

|
LB ¢

N

O

A BGCD
A, F, E\D)C, G
DP.

A, B,G, E, D

(2)

6

A

A — 33—
B———]
C
D —(—3—
E— 3=
F—o—
G
DR+

(¥2 mark each)

3.5, "Drawneat wavieforms of the input compared to the output for the
single-stage’fransistor amplifier shown on the next page.

(2)
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V=12V

R
A [1.2kQ

N
o
5 =
—
L |

°

(]
v 3,2kQ

Input signals

Output signals

3.6 The IEC symbol for an operational amplifier isfshown below. Identify

the terminals labelled A, B, C and E on the/TEC symbel. (2)
C
A |
E
B +
D

A Inyerting input

BN, Non-inverting'input

G- +V, (positive)

E  Output (1/2 mark each)

3.7 The'questions that follow are based on the capacitor shown below.

—
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3.7.1 Identify the capacitor. @
3.7.2 What must you bear in mind when you connect this
component into a circuit? (¢D)]

3.7.1 Electrolytic capacitor

3.7.1 It is polarity conscious (has a definite positive and negative
terminal) and must be connected into the circuit the correct way
around.

3.8 A circuit showing capacitors connected in series and parallel is shown
below. Determine the following:

3.8.1 The equivalent capacitance (C,,) for the parallel section (no

calculation required) (@)
3.8.2 The total capacitance for the circuit. 3
C, =200 pF
C, =800 pF

}7

C,= 500 F

3.8.1 C, =700 uF

_ Cel x C3 _ 700 uf x 800 pf _
Cel+C3 ~ 700 uf + 800 uf

3.82 C; 373,33/F

3.9 Name TWO applications of controllers in ‘everyday life, (2)

Any TWO correct applications,including,ones not mentioned here:

PLC (programmable logic controller),’cruise conitrol in vehicles, variable
speed drives, refrigeration'systems, washingmachines, automatic traffic-
light systems, etc.

[20]
QUESTION: Electricalcomponents, symbols, circuit
drawings; prototyping and design (20)

4.1' Identify the €@mponents labelled (a), (b) and (c) in the circuit diagram
below. 3)

(a)  Resistor
(b) LED
(c) Transistor
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4.2 Complete the following table with reference to electronic components. (3)

COMPONENT IEC SYMBOL

4.2.1 LED | // |
y LT
Anode Cathode
(+) (-)
NPN Transistor 4.2.2 E
B
C
4.2.3 Schottky diode (fast- | |_'
switching) Anode | IJ Cathode

4.3 Discuss the advantages of building a circuit on a breadboard as

opposed to a Veroboard. 2)
A circuit built on a breadboard can be taken apart — the components are
not fixed onto the board permanently. If you make a mista can
correct the circuit. A Veroboard is used to build perm soldered
circuits.

4.4 Why should a soldering iron always be s ter use%\ @

It helps to preserve the element and the soldering tip and/@prevents

accidents - the soldering iron gets very ho touchi @ can cause
serious burns. (\
\\

4.5 The diagram below sho art’of a circuit t will the voltmeter
reading be given thi i and cu@lt readings? @
N
18Q U

«\ 03A
; :
With ﬁ&%nce to the circuit below, state whether the resistors are

C(@%cted in parallel or in series? Motivate your answer. (2)
Q O(\ |1

66\

500 Q 500 Q

500 Q

1
T

Series connection: the resistors are connected head to tail following one
another.

— 1180
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Study the circuit below and answer the questions that follow.

500 Q

T 1+

500 Q
L

4.7.1 1If a fourth resistor is inserted into the circuit in parallel, how

will it influence the total resistance of the circuit? @
4.7.2 How will the addition of this fourth resistance impact on the
total current through the circuit? (@)

4.7.1 The total resistance of the circuit will decrease.
4.7.2 The total current through the circuit will increase.

The questions that follow refer to the circuit shown below:
R;=R,=10Qeachand V;=9 V.

—1

R,=100Q

R, %10 Q

4.8.1 'Calculate the\total resistance of this circuit. 3)
4.8.2 Calculate tire total current flowing through the circuit. €)]

4.8.1

+
3‘“ o=

1

58

= = ﬂw‘"‘
+

SRR

o
5
o =
=)

4.8.2

~
I
Pl

~
3

~
~
1l
~ U] ©

=
I
o
b
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QUESTION 5: Electronic tools and equipment

5.1 State what can be measured by using each of the following measuring
instruments:

5.1.1 Multimeter
5.1.2 Oscilloscope
5.1.3 Function generator

5.1.1 Multimeter
Voltage, current, resistance (could also mention diode testing,
transistor testing, temperature)

5.1.2 Oscilloscope

Voltage, phase angle, frequency, relationship between waves
(Important to note that an oscilloscope cannot measure current).

5.1.3 Function generator

A function generator cannot measure anything at all. It simply
supplies a signal to the circuit.

5.2 Explain what the calibration of a measuring equipment means.

Calibration is the comparison of measurement values delivered by a
device under test with those of a calibration standard of known
accuracy.

5.3 State whether the following statements are TRUE.or FAISE.

5.3.1 An analogue multimeter uses a needle to indicatereadings on a
calibrated scale.

5.3.2 An oscilloscope can show the phase displacement between two
waveforms.

5.3.3 A digital multimeter cannotymeasure a greater variety of values
than an analoguegneter.

5.3.1 True
5.3.2 True
5.3.3 False

5.471% What is a parallax error with reference to measuring
instruments?

5.4:2+" State how this error can be prevented.

5.4.1 Risan error in reading when the eye is positioned at an angle to
the measurement markings while you are taking a reading.

5.4.2 To avoid this error, position your eyes directly above the needle
on the meter’s display.

5.5 A clamp-on meter is used to measure the current flowing in a single-
phase system with a live and a neutral conductor.

5.5.1 Identify the correct method from the figures shown below.
Motivate your answer.

5.5.2 Briefly discuss the problems with the other two methods.

| 182
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5.5.1 Method C is the correct one. Only the current-carrying conductor
must be clamped.

5.5.2 Method A: No current would be measured as the conductors do
not go through the detection coil.
Method B: No current would be measured as the current in the
live and the neutral conductors are flowing in opposite directions
and will cancel each other out, resulting a zero reading.

Complete the table below by: naming THREE tests that are,performed
on any new household installation before it is commissiGned (Switched
on for the customer), providing the meter setting andistating the
acceptable reading for the tests conducted.

TEST METER SETTING ACCEPTABLE REAUING

Continuity Q scale Low ©, dep & on the
thickn,eg:\&u length of the
con

Insulation between MQ scale o (\@\ly reading above 1 MQ
conductors \

. N
Resistance between MQ scale X\ Any reading above 1 MQ

conductors and earth

o

QUESTION Géﬁﬁéal systems, PLCs and principles

6.1

20O
6\\\6.2

6.3

Z .
In youx(@n words, define the term truth table. )
‘éf@% mathematical table that shows all possible outcomes that may

ccur given all possible scenarios that are considered at the input.

How many switching combinations are possible with two inputs into

any logic gate? (D

22 = 4 combinations

Draw a labelled switching diagram for a two-input OR gate. (2)

[15]

Q\A’\ 3)
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s (3

6.4 Identify the logic gate shown below and complete a truth table for

this gate. 3
A — 1 9
2 o—
B —
NOR gate [1] [¥2 mark for each correct row in truth table]
W Jomwo
0 0 1
0 1 0
1 0 0
1 1 0

\/

\
6.5 Give TWO reasons why PLCs are better suited for 1ndus gutomatlon

applications than relay logic. 2)
Any TWO of the following: P.
o Are compact solid-state that ar @attvely small.
. Use about one't ount 0 of relay system.
. Have a ve Vic life
. Need l ance
. X omp g&? elay logic system (one-time investment)
. re more reliable b e they have no moving parts
‘ e very flexibl se it is easy to change or modify (write a new

D gram) ms

Have a% esponse time — can process thousands of items per
O sez\@

——————1{ 184
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6.6 Name the blocks labelled (a) and (b) with reference to the block diagram
of the PLC given below. (2)

Power supply

Q
=}
ﬁ ° ﬁ
(@]
From sensors (@) E To output
Push-buttons, §_ solenoids,
contacts, limit 8 contactors,
switches, etc. alarms, etc.

Programming
device

(a)  Processor or Central processing unit

(b)  Input module
6.7 Draw the ladder diagram that is represented by the @ab hown

below. 3)
P o
0 1 1 Qjﬂ
1 0 {@'
1 \Q 1

[15]
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Exemplar Paper 2: Design related

Memorandum

Total: 80

Time: 3 hours

QUESTION 1: Magnetism, electromagnetic circuits and
related concepts (4)

1.2 Electromagnetic induction is the production of an electromotive force
(emf) or voltage across an electrical conductor due to the movement
between a conductor and a magnetic field (as shown in the figure

below).
1.2.1 What needs to take place between the coil and the magnet to
produce an emf? (@)
1.2.2 What can be done to increase the magnitude of the
induced emf? @

e

©
AN

1.2.1 There must be relative movement be@egl the coil and the magnet.
1.2.2 Increase the ed'e ich the uctor is moved through the

A\
trength of\@e magnetic field.
easeythe active th of the conductor

etch below 'n&}i@ﬁtes the experiment that was done to
ermine the ction of the magnetic fields around a bar magnet.
omplete %@rawing by indicating the direction of the compasses

O alz\zilék@ magnet. 2
@ O O O
?\66\\\ O |N s] O
O O O

—1 186



QUESTION 2: Electrical supply systems, Transformers,
DC Machines, Series-parallel networked circuits

2.1 The following three-phase transformer was connected in delta-star
and then connected to a supply. By means of two neat sketches, show

©

©

©

©

N

S

©

©

2)

©
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how a multimeter, set to voltage scale, should be connected to measure

any phase voltages (on the primary and on the secondary sides) of
the three-phase transformer shown below. You must redraw the
transformer.

L1

L2
L3

L1

L2
L3

2.2 Beforg\one uses a battery to power an inverter system, it is important

4)

tokhow which operating voltages should be used with no load as well

as at full load. Show, by means of a neat sketch, how to measure the

emf and the pd of a battery.

(2)
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2.3

24

Open-circuit voltage Closed-circuit voltage
(no load) (full load)

A car’s battery is faulty. Keep in mind that the relative density of the
electrolyte is the ratio of the mass of a unit volume of the electrolyte

to the mass of the same volume of water (or specific gravity of the
electrolyte). The relative density of a fully charged cell is specified by

the manufacturer and is generally in the region of 1 230 to 1 280.

Explain how you would test whether the relative density level of the
battery is acceptable. Refer to the density of the electrolyte as well as

the instrument you would use. 3)

One would use a hydrometer. The nozzle of the hydrometer is ifiserted
into the electrolyte through the filler caps at the top of the battery.
Electrolyte is drawn up into the hydrometer. A sufficient amountishould
be drawn up to allow the float inside the glass tube.to rise’freely. The
reading on the float will indicate the relative density of the electrolyte. The
floater inside the hydrometer should be in the'green section to indicate the
density is at an acceptable level. The relative density of each-gell must be
tested in this manner.

An electric motor was disassembled te‘inspect thie parts. Once the rotor
section had been removed, thestechnician ohserved the parts as shown
in the picture below:

Identify the parts labelled as A to E-ifi’the sketch of the rotor. 3)

A Fan B Shaft
C Armature D Bearing
E Commutator F  Carbon brushes (¥ marks each)

[12]
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QUESTION 3: Electronic components and semiconductors

3.1 Before using a 1N4007 diode to build a rectifier circuit (or any other
circuit), we need to perform certain tests to ensure the diode is fully
functional.

Use two neat sketches to demonstrate how you would use a multimeter
to test the diode and state the acceptable as well as the unacceptable
readings. (3)

Set the multimeter to the ohm scale (or the diode testing scale).

Step 1: Place the leads of the meter across the terminals of the diode and
test it. Record the reading.

Cathode
Step 2: Swop the diode around and test it again. Record the reading.

+ —_—
Anode [ | Cathode

‘

. Results: If you only get'a reading’across the diode in one direction
but not in the other direction, the diodeis fully functional.

. If areading is obtainedin'both diregtions the diode is defective.

. If no reading is‘ebtained in eitherdirection the diode is defective.

3.2 Explaingwith'the'aid of a neat,labelled sketch, the TWO methods used
to identifyythe terminals-ofan LED correctly. (@Y)]

Method 1: When yiewed from the side, the long terminal is the anode (+)
andsthe short terminal is the cathode (-) (1)

Method 2;dWhen viewed from the bottom, the terminal closest to the
flat side.of'the LED is the negative (-) and the one furthest away is
the positive (+) )]

189 ———
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Anode Cathode
(+) (-)

Note: Flat side
is cathode

@)

3.3 You have been asked to design an electronic circuit to display a digital
number (to represent voltage or current) by means of a seven-segment
display.

Using the integrated circuit given below, draw the circuit diagram
needed to display the number seven (7) on the seven-segment display.

Include a battery in the circuit. 2)
[a)]
e 2oy AT AN
B— +—
c—r—1+— |F B
D— F+—
\/ N
e——— K6 X
F—  +—
G—{—+— |E C
DP—  1+—
e d2 cDP N \V
2 NP

¥% mark for each correct pin connection:

H

g fuab

E

3.4 A Zener diode is required to regulate a set voltage cross it. In the circuit
shown below, a 12-V battery is connected in series to the Zener diode and
a 134-kQ) resistor.

3.4.1 Calculate the voltage drop across the diode. (5)

ND

—GND
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Zener

R=134K

Vp=1Ip= (58 mA)(134 kQ) = 7,77 V
V,=Vp-Vg=12-7,77=423V

3.4.2 Select an appropriate Zener diode from the data sheet
provided. 1

ELECTRICAL CHARACTERISTICS (AT 25 °C, UNLESS OTHERWISE SPECIFIED)

PART ZENER | TEST CURRENT REVERSE DYNAMIC RESISTANCE SURGE | REGULATOR
NUMBER | VOLTAGE LEAKAGE . CURRENT | CURRENT
CURRENT f=1KHZ

I I N YT T P B I
o e e [ || w
3,3 76 1 100 1 10 400 276

1N4728A 1380

1N4729A 33 69 1 50 1 10 400 1260 252

1N4730A 39 64 1 10 1 9 400 1190 234
.\0(\

1N4731A 4,3 58 1 10 1 9 400 107 ‘6 217

1N4732A 4,7 33 1 10 1 8 500 ’\9‘% 193

N
med%Q‘

. O
circuit was @1 on a breadboard, but the
owing in t@ircuit is not given.

value of thec

Copy t 1 belaw: aﬁ& show how you would connect a

digital multimeter set é@ﬂliampere scale to measure the current
ou

tthee terminal. 1)
sy

:
RC
L g £

3.5 The following t
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3.6 A single-stage transistor amplifier with a collector resistor of 34 () is
shown in the circuit diagram below.

V=12V
R, |:| R,
C, °©
| |
I
R VOUT
2
Al |
n \
&2
& L
3.6.1 Determine the maxi nt tthQﬁﬁ\ﬂow through the
transistor. . (\’O' (3)
Q

\94 mA %\e

)(}'wn below, select a suitable transistor

for'this circuit. in mind the safety of the component when

lecting the transistor. (¢D)]
&

NPN TRANSISTORS

(&{0))) & STRUCTURE SE 5 . | Hpg MAX. Pror CATEGORY POSSIBLE
STYLE MAX. (TYPICAL USE) SUBSTITUTES
NPN 110

BC107 45V 300 mW Audio, low power BC182 BC547

BC109 NPN 200 mA 20V 200 300 mW  Audio (low noise), BC184 BC549
low power

BC182 NPN ?‘ TO92C 100 mA 50V 100 350 mW General purpose, BC1077
low power BC182L

BC547B NPN TO92C 100 mA 45V 200 500 mW Audio, low power BC107B

2N3053 NPN TO39 700 mA 40V 50 500 mW General purpose, BFY51
low power

TIP31A NPN TO220 3A 60V 10 40 mW General purpose, TIP31C
high power TIP41A

—1192
=
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CODE | STRUCTURE CASE Ic MAX. | Vop MAX. | Hpp MAX PTOT CATEGORY POSSIBLE
TYLE (TYPICAL USE) | SUBSTITUTES

TIP41A TO220 65 mW General purpose,
high power

2N3055 NPN TO3 15A 60V 20 117 mW General purpose,
high power

The transistor needs to handle the current comfortably without
overheating when conducting 352,94 mA, so double the current value:
352,94 mA x 2 = 705,88 mA. The selected transistor is the 2N3053 or the
BFY 51.

[20]

QUESTION 4: Electrical components, symbols, circuit
drawings, prototyping and design

4.1 In order to design simple electronic circuits, it is important to identify
electronic components and know which symbols are used to represent
each component.

Identify the components given in the table below and provide the

symbol for each of them. ( (6)
4.1.1 Relay 4.1.2
. O‘T
&
©
. (\’\
O
O
4.1.3 Non-polarised es\\ 4.14
capac1tors \\S\ I I
ﬁ Q\A
Qe 4.1.5 Integrated circuit 4.1.6 N
@. operational 0 ©
amplifier o > @
66\\} 3 —0
» 0 -0

4.2 You have been asked to design a simple series circuit consisting of a 9-V
battery, a resistor and a LED.
4.2.1 Draw the series circuit you have designed. 3)
4.2.2 Calculate the value of the resistor that you must use in the
circuit to protect the LED from blowing if it has a rating
of 20 mA? 3)
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a)

SRVAN

Resistor
9V battery

b)

~I<

9

0,020
=450 Q

R
R
R

4.3 The figure below shows an IC connected onto a breadboard. Give a
reason why the IC must be connected as illustrated. (¢D)]

WWW+
0000000000000088000000
0000000000000000-000000
0000000000000000 000000
§§§ OOOOOOOOOOOOOOO;OOOOOOO

OOOOOOOOOOOOOOOO 000000
0000009000000

oooo 0000000000000
00000000000000000000000

To prevent the IC pins from being shorted out. Connecting it in any other
way will short out the pins because of the layout of thebreadboard.

4.4 The given circuit must be built on a breadboard. Draw the hreadboard
layout for this circuit on the breadboard previded belogw: 5)

IQOOOOOOOOOOO \V\OODOOOOOOOQOOOI

+ | ODOOOODOOODA 0 00000O0O0OOOOOO
o o + +
Switch fNm<'-n~°r\wa(a'\ﬁpiﬂﬁtﬁﬂﬁimmﬁﬂﬁzﬁﬂﬁ
Dcmotor =0 000000 0 0000D0D0D0DO0DO0DO0DO0DODO0OOOOOOO—™
'_ODOOODK@ODQOODOOODOOOODQOODOO'_
“oo0o0o0 OMO0OOO0OO0OODOODOOOOOOOOOOOOGOGOO=
. B0 o0 o goooooo000000000000000000“
Resisto w—oo@ooooooooooooooooooooooooo**—

. O

_Battery ﬂxODOODOO00000000000000000000000"
T 0O 000000DO0DO0DO0DOO0OOOOOOOOOOOOOOOOOOOT
LED! L00000D0D000000OO0000OO00O00O00O00O0O0OO0OU
/ 0000000000000 0D0D0000000O0DO0DO0O0O0OO0OO0OO0OOLQO
/ WO 0000000000000 000D0D0D0D0D0D000O0O0O0O0OT®

CANMmMTLmoON0a 223222 IJAJLRRIRIR
IODOOODDOOODOOODOOODOOOODOOODOOI

o o o o o o 0o o0 0o o o
it +

.
r—.o'oOOOOOOOOOOOOOOOOOOI
+

2000000000 LN
T00000000O0 o
L0000 O0O0OOO LN
0000000000 o
©m0000000OOO o
cNmTno~®o NS

One possible layout. All designs must be checked for correctness.
One mark for the correct placement of each component.
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4.5 The following circuit was built on a breadboard to prove Kirchhoff’s
current law. If the three resistors have the same values and the
current readings are as given in the figure below, what will the
current reading on the first meter be? (2)

Current Current Current
through R, through R, through R,

®

®

[ 8 [299malg] [asoma J§
1 J

Total current reading || 16,5 mA ¢

1,=16,5-2,99 4,49
1,=9,02mA

QUESTION 5: Electronic tools and equipment (4)

5.1 A circuit was connected to an oscilloscope and the waveforms shown
below were observed. The oscilloscope display with its time and voltage
settings is given. Determine the following:

5.1.1 the voltage of both waveforms 2)
5.1.2 the frequency of the waveforms (¢))]
5.1.3 the phase angle between the two waveforms: (@)
//~~\</W§§
/ -+ 20 ps
Yaim \Eg\ T/div
||/| e b |||\F£\:||\H LN
TOTT T T T AT R TT T T AT T TIAN T T I rrTd
/ Eg 0,5
::\ / B/div
+ S~
[4]

5.1.1 V, =V/div x no. blocks x 0,707
= 0,5 V/div x 3 blocks x 0,707 = 1,06 V

V¢ = V/div x no. blocks x 0,707
= 0,5 V/div x 3,4 blocks x 0,707 = 1,2V
512 F=L-_1 _—5kH;

T 20usx10
51.3 0= % x 3 =21,6°
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QUESTION 6: Digital systems, PLCs and principles

6.1 Logic gates are the building blocks of digital circuits. Logic gates will
make decisions based on a combination of digital signals from their
inputs. Draw the IEC symbols for the following logic gates and give the
Boolean expression for each gate.

6.1.1 NOR gate 2
6.1.2 XNOR gate (2)

6.1.1 ,

B

612 ,

=1 0—0Q Q=AB+ABorQ=A®B
B

6.2 The following switching circuit was built on a breadboard. Identify
the gate represented by this circuit diagram and draw the truth table

for this logic gate. 3
Switch
A

—o/ -—

L o
Switch

1 C)
Battery _— X

S i 2
o

gg\
@ @"’9

"WITCH B (INPUT) LAMP (Q)

1 0
O m—
{& 1 0

\0(\

66\ 6.3 Design a simple logic circuit that will match the following Boolean

expression:
F=XY+XZ 4)
X: &
y 21 O—F
—®
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The figure below represents a simple logic circuit. Answer the questions
that follow.

= P

T
.l

21—1O—Q

|ﬁ

6.4.3 How many input combination will a truth table for this circuit
have? 1
6.4.4 Draw the truth table for this logic circuit. 4

6.4.1 23 =8 combinations

6.4.2 [ INPUT B INPUT C OUTPUT Q
0 0 0 0

0 0 1 1
0 1 0 0
0 1 1 1
1 0 0 0
1 0 1 1
1 1 0 0
1 1 1 0(\

You have designed a ladder diag . Explain the oQé’Aatlon of this
diagram to a friend. \\<\ 4

A ‘(\r&ws

)
N/

&
(\Q
IA@ contact A is closed, the timer coil is energised (T,) and the counter
arts counting. After five seconds (indicated by k5), the timer contact (T,)
closes and, at the same time, activates the coil (F). The output (F) will now
be high or logic 1. This is an example of an on-delay timer.
[80]
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Glossary

A

AC (alternating current) — an
electric current that reverses its
direction many times per second
at regular intervals

Ampere — a measure of electric
current; the amount of electric
charge in motion per unit time

Amplifiers - electronic devices
for increasing the amplitude of
electrical signals, used chiefly in
sound reproduction

Amplitude - the value of the
induced voltage represented on
a graph as the measurement that
describes the vertical distance
between the peak and the x-axis

Analogue - using the deflection of a
pointer (or a needle) on a scale to
indicate the measurement taken

Analogue input - varying signal
between two limits, e.g. 1to 5 V DC
or 4 to 20 mA

Armature - the rotor and the wire
windings or coils around the rotor
of a DC motor

Armature reaction - the distortion
of the main flux entering and
leaving the armature caused
by the flux set up by armature
conductors when they carry
current

Audio amplifier - differential
amplifiers with a very high
amplification (ideally infinite),

a non-inverting input and an
inverting input

Automatic - operates completely
independentlyyi.e. witheut human
interventien

Automation~ the'ereation
and application of techhology
to monitor and contretthe
production and delivery of
products and services

Auto-polarity — automatic
interchanging of connections
to a digital meter when polarity
is wrong; a minus sign appears
ahead of the value on the digital
display if the reading is negative
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Autotransformer - an electrical
transformer with only one coil
that has a tapping point (or points)
for the secondary winding

B

Back emf - the electromotive force
or voltage that opposes the change
in the current that induced it

Biasing — an arrangement made in
a diode or other electrical device
to allow a larger flow of current in
a certain direction

Binary inputs — input that
represents one of two possible
states, generally referred to as
logic 1 (high) and logic 0 (low)

Block diagram - a chart
representing complicated
information in an easy-to-
understand way

BNC - a miniature, quick connect/
disconnect radio frequency (RF)
connector developed for low-
frequency applications

Boolean logic - a form of algebra
where all values are either truejor
false

Breadboard - thin, plastic beard
with tiny holes for,buildingian
experimental modelof an electric
circuit

Brush'(electrie)="a sliding
electrical contact betwéen’a
movingpart and astationary part

Buchholz relay*a mechanical
Protection device used in
transfaPmers

G

Calibration - process of comparing
a measurement made by an
instrument with the value of the
same measurement as defined by
an accepted standard to check the
accuracy of the instrument

Capacitance - the amount of
electric charge stored on the plates
of a capacitor

Capacitor - a device that stores
electrical energy in an electric field
by virtue of accumulating electric
charges on two close surfaces

Carbon footprint — a measure of
the amount of carbon dioxide
released into the atmosphere

Ceramic capacitor - a fixed-value
capacitor where the ceramic
material acts as the dielectric

Charge controller - a device that
regulates the voltage and current
flow from the PV to the battery to
prevent overcharging the battery

Comparator — device that compares
two input voltages and outputs a
binary signal indicating which is
larger

Compound - a combination of both
series and shunt connections

Controller - a device that uses
electrical signals and digital
algorithms to perferm/its
receptive, comparativeiand
corrective functions

Coulomb - the Shunit of electric
charge, equalto the quantity of
electricityseonveyed inone second
by a current of one;ampere

CRT (cathode-ray tube) — a high-
vacuum, titbe in which cathode
rays produce a luminous image
orrafluorescent screen, used in
television and computer terminals

Crystal transducers - electronic
devices that use quartz crystal
which is made from silicon and
oxygen arranged in crystalline
structure (SiO,)

Cycle - each repetition of a variable
quantity, recurring at equal
intervals

D

Data sheet (also datasheet or
spec sheet) — a document that
summarises the performance and
other characteristics of a product,
machine or component

DC (direct current) — an electric
current that flows in one direction
only around a circuit from positive
to negative

Delta — an electrical connection
where the three coils are
connected in series to form a
closed loop
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Depletion layer (region) —region
between N-type and P-type
materials where there is neither
an excess of electrons nor of holes

Dielectric — a material thatis a
poor conductor of electricity
(an insulator) but an efficient
supporter of electrostatic fields

Differentiator — a circuit
configuration (the inverse of
the integrator circuit) that
produces an output signal where
the instantaneous amplitude is
proportional to the rate of change
of the applied input voltage

Digital — having numeric displays in
easily readable format

Discreet — the presence (on) or
absence (off) of an electrical signal

Distribution board (DB) -
component of an electricity supply
system that divides an electrical
power feed into subsidiary circuits
while providing a protective fuse
or circuit breaker for each circuit
in a common enclosure

Double-throw (DT) switch —
electric switch with moving blades
that may engage either of two
different sets of fixed contacts

E

Eddy-current losses — a conductive
I?R loss produced by circulating
currents induced in response to AC
flux linkage, flowing against the
internal resistance of the core

Efficiency - the ratio between
power output (mechanical) and
power input (electrical)

Electrical circuit - a closed path
that consists of circuit components
through which electrons from,a
voltage or current source canilow

Electricity consumer - any person
who legally htys electrieity for
their ownsuse and, possibly, fora
sub-cohsumer connected, to the
installations

Electricity generation = the
process of generating electrical
power from sources of primary
energy

Electrolyte — a substance that
conducts electrical current as
aresult of a dissociation into
positively and negatively charged
particles called ions

Electrolytic capacitor — a type of
capacitor that uses an electrolyte
to obtain greater capacitance

Electromagnetic induction - the
production of an electromotive
force (emf) or voltage across an
electrical conductor due to the
relative movement between a
conductor and a magnetic field

Electromagnetism - a fundamental
force of nature; magnetism that is
developed by electrical current

Electromotive force (emf or EMF)
- a difference in potential energy
between two points when the
power source supplies no current
to a circuit

Excited (excitation) — the process
of generating a magnetic field by
means of an electric current

F

Flux - often referred to as magnetic
field but may also mean the
magnetic field strength

Flux density - the amount of
magnetic flux in an area taken
perpendicular to the direction of
the magnetic flux

Frequency - refers to the number
of full waves that pass a fixed
point in unit time, i.e. the number
of cycles measured in onefSecond

Functional block diagram -a
diagram that desctibes the
functions andsinterrelationships of
a system

G

Gassing— destructivegas
generation in batteties commonly
resulting froniself-discharge or
from the electrolysis of water in
the electrolyte during charging

Gernerator — a device used to
convert mechanical energy into
electrical energy

H

Half adder - a logic circuit used to
add two single-bit binary numbers,
giving a sum (S) and a carry (C) bit
on the output

hFE (hybrid parameter forward
current-gain common emitter)
—a unit of measurement for
determining the amount of
current gain (amplification) that a
transistor can produce

Humanoids -robots designed to
look like humans for intuitive
collaboration

Hygrometer — an instrument for
measuring the humidity of the air
or a gas

Hz - SI unit of frequency (the change
in state or cycle in a sound wave,
AC or other cyclical waveform per
second); kHz is equivalent to 1 000
cycles per second

Hysteresis loss — a loss of heat
caused by the magnetisation and
demagnetisation of a core as
current flows in reverse directions

I

Inductance - the tendency of an
electrical conductor to oppose
a change in the electric current
flowing through it

Interface - the way a computer
program presents information to a
user or receives information from
a user, in particulagthe layout of
the screen andsthe menus

Input field devices - start/stop,
overloads and various sensors that
can.be connected to the inputs of
a PLC

Input impedance~=the measure
of the opposition' to current
(impedance) both static (resistance)
and dymnamic (reactance)

Inverter — a device that converts
direct current (DC) electricity to
alternating current (AC)

Irradiance - the energy per unit
time that strikes a unit horizontal
area per unit wavelength interval

L

Ladder diagram - specialised
graphical representation of the
programming language used to
develop software for PLCs

Ladder logic — a programming
language that creates and
represents a program through
ladder diagrams that are based on
circuit diagrams

LCD (liquid-crystal display) - type
of flat panel display which uses
liquid crystals in its primary form
of operation

Lenz’s law - the direction of the
induced current is such that it
opposes the change that produced
it
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Loading effect - the extent to
which an instrument affects the
electrical properties (such as
voltage, current and resistance) of
the circuit being tested

Logic diagram — a graphical
representation that shows the
interconnection of the logic symbols
and gates that are combined to
achieve a specific output

M

Magnet(s) — object(s) capable of
producing a magnetic field that
attract(s) unlike poles and repel(s)
like poles

Magnetic field - region in space
where another magnet or
ferromagnetic material will
experience a force that can attract
or repel objects

Magnetic field lines - three-
dimensional representation of a
magnetic field

Magnetic field strength (H) - a
measure of the intensity of a
magnetic field; the ratio of the
mmf which is required to create
a certain flux density within a
certain material per unit length of
that material

Magnetic flux (¥) — the number
of magnetic lines produced by a
magnet perpendicular to a given
surface

Magnetic flux density (8) — the
number of magnetic lines per unit
area

Magnetism - the force exerted by
magnets when they attract or repel
each other

Magnetomotive force (mmf) - the
force responsible for the cfeation
of a magnetic field in a"Magnetic
circuit

Mains - the electrical power that is
delivered.te homeés'and businesses
through the national electric grid

Mica - shiny silicate minetal with
a layered structure used as an
insulator

Microcontroller — a compact
integrated circuit designed to
control other parts of an electronic
system

Monocrystalline — made of silicon
with a single, constant crystal
assembly
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Motor - a device that converts
electrical energy to mechanical
energy

MPPT (maximum power point
tracking) — an electronic DC to
DC converter that optimises the
match between the solar array (PV
panels) and the battery

Multimeter — an electronic
measuring instrument that
combines several measurement
functions, such as measuring
voltage, current, and resistance, in
one unit

N

NTC (negative temperature
coefficient) — describes a
ceramic-based component with
temperature-dependent resistance,
in this case the resistance
decreases exponentially with
rising temperature

o)

Op-amp (operational amplifier)
- a three-terminal device that can
amplify weak electrical signals

Opto-isolator — a semiconductor
device that uses light to transfer an
electrical signal between circuits
while keeping them electrically
isolated from each other

Oscilloscope - type of électronic
test instrument that,graphically
displays electrieal signals‘and
shows how'these Signals change
over time

Output field\devices — main
€ontactors that can-be)connected
to the outputs of'a PL.C

P

Parallel<- a circuit that has more
than'one path for current flow, set
up in such a way that current can
flow through different branches at
the same time

Parity bit — an additional bit that
is added to digital data to make
the number of logic 1s in the data
either even or odd

Passive (device) — a component
that does not generate power but
instead dissipates, stores and/or
releases it

Period - the time that it takes to
complete one cycle

Phase angle — the number of
degrees separating two sine waves
of the same frequency

Photovoltaic — specialised
semiconductor device that
converts light energy into
electrical energy

Piezoelectric - relating to electric
polarisation resulting from the
application of mechanical stress

Plastic-film capacitor - a capacitor
that uses plastic film as the
dielectric and aluminum or zinc
as the electrodes to store electric
charge

PLC (programmable logic
controller) - a digital computer
used to automate different
industrial processes

Polarised component — component
that has polarity, i.e., two distinct
and opposite poles, and can
therefore only be connlected to a
circuit in one direetion

Polycrystallin€ — consisting of
many small ctystals that are
randomly angled with respect to
each other

Power supply - a souree of power
to,an.electrical system, which
could be AC of DC

Printed circuit board (PCB) - a
non-cenhductive material with thin
stfips of conducting material, such
as copper, etched onto it to provide
a path for electrical components

Processor - the device that
makes decisions according to the
program it is running at that time

Protective earthed neutral (PEN)
— a single conductor that has the
combined function of providing
the neutral and protective earth
conductor in a TN-C-S earthing
arrangement; a PEN conductor is
normally, but not exclusively, used
with an LV PME supply service
earthing system

PTC (positive temperature
coefficient) - describes a
ceramic-based component with
temperature-dependent resistance,
in this case the resistance
increases with rising temperature

Pulse-width modulation — method

of controlling the average power
delivered by an electrical signal
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R

Relative density — the ratio of
the mass of a unit volume of a
substance (the electrolyte) to the
mass of the same volume of a
given reference material (water)

Relay system (relay logic) — system
that uses electromechanical relays
to perform specific functions such
as switching, timing, counting and
logic operations

Residual magnetism - the amount
of magnetisation left behind
after the removal of the external
magnetic field from the circuit

Resistance — amount of resistance
the circuit offers to the current
flowing through it; standard unit
of measurement is ohm (0)

Resistivity — the ability of a material
to resist electrical conduction, also
known as specific resistance

Rotor - a rotating part of an
electrical or mechanical device

Rung - horizontal line representing
a unique parallel-circuit branch
between the poles of the power
supply in a ladder diagram

S

Scalar - a quantity described only
by its magnitude

Series - a circuit that has all
components connected end-to-end
to form a single path for current
flow

Short circuit — an electrical circuit
that allows a current to travel
along an unintended path with no
or very low electrical impedance

Shunt - connection that consists
of multiple paths along which
current can flow

Sine wave — a geometric waveform
that representssperiodic
oscillations (ap, down or side-
to-side movements) of constant
amplitudeJSize)

Single-pole single-throw'switch
- simple electric switch that has a
single input and can connect only
to one output

Silver-mica capacitor - capacitors
that use mica as the dielectric

Slew rate — the maximum rate
of voltage change that can be
generated by the output circuitry
of an op-amp

Solar cells — any device that
directly converts the energy of
light into electrical energy through
the photovoltaic effect

Solder - alloy (usually with a lead,
brass, tin or silver base) with a low
melting point, used to join metals

Solenoid - cylindrical coil of wire
acting as a magnet when carrying
electric current

Solid-state device — an electronic
device made up of mainly
semiconductors such as ICs,
transistors and diodes

Star — an electrical connection
where the three common ends of
the coils are connected together to
form a terminal called the neutral
N)

Step-down transformer - takes a
high voltage and converts it to a
lower voltage value

Step-up transformer - takes a
lower voltage and converts it into
a higher voltage

Sun hours - any hour of the day
when the sunlight’s intensity is an
average of 1 000 watts of energy,
per square metre, usually\peaking
from noon until early afternéon

T

Tantalum capacitor —an
electrolytic capacitor that cefsists
ofdd pellet of porous tantalum
metal'as an anode, covered by
aninsulating oxidedayer that
forms the dielettric, surrounded
by liquid-orsolid electrolyte as a
cathode

Temiperature coefficient of
resistance - the increase in unit
resistance of a substance, per unit
rise in temperature

Tesla - the unit of magnetic flux
density which is equivalent to 1
weber per square metre

Thermistor - temperature-
dependent resistors, changing
resistance with changes in
temperature

Toggle — electric switch operated by
means of a projecting lever that is
moved up and down

Torque - a force that causes
rotation about an axis

Toxic —poisonous or causing
damage to health

Transducer — an electronic device
that converts energy from one
form to another

Transformer - an electrical
device that uses the principle
of electromagnetic induction to
transfer energy from one electric
circuit to another

Transmission - the transport
of electricity via high-voltage,
interconnected systems for
delivery to consumers

Truth table — a mathematical table
that shows all possiblesoutcomes
that would occur from all possible
scenarios that.are considered at
the input

Turns ratio —theyrelationship
between the number of turns
on the primary winding and the
number of turns(on the secondary
winding, i.e.the number of turns
of the primary winding divided
by the humber of turns of the
secondary winding

v

Vector — a quantity described by
both its magnitude and direction

Veroboard - a board used to
build electronic circuits; some
of the electrical connections are
formed by strips of copper on the
underside of the board

Voltage regulator — an electrical or
electronic device that maintains
the voltage of a power source
within acceptable limits

W

Weber (Wb) - the unit of magnetic
flux which, when cut at a uniform
rate by a conductor in 1 second,
generates an emf of 1 volt
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