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PREFACE

1 WHAT IS ELECTRICAL ENGINEERING II ALL ABOUT?  

Welcome to Electrical Engineering II. Having already completed the first level 
of electrical engineering studies successfully, you should be well prepared for 
this module. In Electrical Engineering I you were introduced to direct current 
(d.c.) circuit theory. At the second level, you will extend your knowledge of 
electrical systems by learning how to solve problems related to a single-phase 
alternating current, how to do power factor correction and how to apply network 
theorems to alternating current (a.c.) circuits. You will also learn more about 
resonance and complex waves, as well as balanced loads in three-phase 
systems. You will be able to apply this knowledge in designing and maintaining 
low- and medium-voltage switchgear as well as power distribution networks.

After completing the module you will be able to achieve the following outcomes:

 • solve problems related to a.c. circuits
 • solve problems related to different forms of a.c. power and power factor 

correction as applied to single-phase a.c. circuits
 • apply a.c. network theorems to calculate the magnitude of the currents and 

voltages in single-phase a.c. circuits
 • identify resonance circuits and determine resonance frequency
 • solve problems and find the correct parameters relating to complex waveforms
 • solve for line and phase quantities of the current, voltage and power in 

balanced three-phase star- or delta-connected a.c. circuits.  

2 HOW IS THIS STUDY GUIDE STRUCTURED?

The study guide consists of this preface and seven study units. In the first year 
of electrical engineering, your studies focused on d.c. circuits. At this level, 
you will focus on a.c. circuits: after a short introduction, you will learn in more 
detail how to analyse them. Thereafter, you will learn how to apply power factor 
correction to a.c. circuits, and how to deal with resonance in those circuits. 
Next you will apply your knowledge of a.c. circuits to a.c. networks, and 
study various network theorems. You will also explore the issue of harmonics 
in networks, and finally you will learn how to deal with three-phase a.c. circuits.
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The study units in the guide are listed below. 

TABLE 0.1
Study units: Electrical Engineering II

Study unit Title

1 Introduction to a.c. circuits

2 AC theory

3 AC power and power factor correction

4 Resonance in a.c. circuits

5 Network theorems applied in a.c. networks

6 Harmonics

7 Three-phase circuits

3 HOW IS THIS MODULE TAUGHT?

As you can see from Table 0.1, the module is structured around a set of overall 
outcomes that you should achieve. These were formulated after carefully 
considering the actual skills that you, as an engineering technician, will need 
in the workplace. More detailed outcomes or skills are listed at the beginning 
of each study unit.

To achieve these outcomes, you should approach your studies actively, 
rather than just reading information passively. Research has shown that the 
more actively you are involved in reading and learning, the better you will 
understand what you are learning, and the more effectively you can apply 
your knowledge and skills in real-life situations. To help you work through this 
learning guide, complete the activities which are included in the text, both 
inside each study unit and at the end of study units. Certain activities in the 
text will refer you to exercises in your prescribed textbook. By completing 
those activities you will ensure that what you are learning is meaningful to 
you, and you will start to develop the practical skills that are required of a 
qualified engineering technician. 

4 WHAT LEARNING RESOURCES ARE AVAILABLE TO YOU?

For this module, your main learning resources are your prescribed textbook 
and this study guide. Both resources are supported by tutorial letters.
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The prescribed textbook to be used in conjunction with the study guide is: 
Hughes, Edward. 2016. Electrical and electronic technology. 12th edition. 
Harlow: Pearson.

The textbook is a comprehensive guide to the subject field. You are not required 
to study the whole textbook – be guided by your study guide. You need to 
study those chapters that are mentioned at the beginning of each study unit, 
along with any other recommended reading sections. 

Your study guide, textbook and tutorial letters contain everything you need 
to complete this module. However, you may also benefit from using the module 
website on myUnisa. This site allows you to 

 • submit assignments (please note: submit online to ensure that you receive 
rapid feedback and comments) 

 • access your official study material 
 • access the Unisa library functions
 • “chat” to your lecturer, e-tutor or fellow students in online discussion forums 
 • access a variety of learning resources 

Check the site regularly for updates, posted announcements and additional 
resources uploaded throughout the semester.

Please note: there are two myUnisa sites for ELE2601. 

(1) The module site, where you will find the study material, tutorial letters 
and past examination papers under the option “Official Study Material”. 
On this site, you may also post a query to the lecturer under the discus-
sion forum. In your list of modules, this site is usually named according 
to the following format:

 Module code-year-semester, e.g. ELE2601-17-SI

 (2) The e-tutor site, where you can communicate with your e-tutor and fel-
low students. This site has the same name, but with “-1E” or “-2E” added 
at the end, depending on the semester, for example:

 ELE2601-17-SI-1E

Your e-tutor is there to support your learning. You can post any questions 
to him or her in the site’s discussion forum, under general questions. In 
another forum, you will also be able to communicate with your fellow 
students.

On this site, your e-tutor may offer you an opportunity to engage in 
additional discussions or to do specific online tasks or activities. Please 
participate fully, as this will go a long way towards assisting you with your 
learning. Both the lecturer and e-tutor may also send you announcements 
from time to time.
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5 HOW SHOULD YOU STUDY FOR THIS MODULE? 

Distance learning is not easy, so never underestimate the time and effort 
involved. Once you have received your study material, start planning how 
you will approach and complete this module. Consult my Studies @ Unisa for 
suggestions about general time management and planning skills. 

This is a semester module offered over 15 weeks, and it requires at least 120 
hours of study time, i.e. eight hours per week. 

See table 0.2 for a suggested schedule that you could use as a guideline for 
studying this module.

TABLE 0.2
Study timetable for this module

Activity Hours

Reading and re-reading Tutorial Letter 101 and Introduction  3

Skimming study units and textbook, forming a thorough gen-
eral impression of the whole

 3

In-depth study of study unit 1: reading the text, going through 
worked examples and completing learning activities 

10

In-depth study of study unit 2: reading the text, going through 
worked examples and completing learning activities 

14

In-depth study of study unit 3 20

In-depth study of study units 4–7 (@ nine hours per unit) 36

Completing two assignments for marking, and one for 
self-assessment 

15

Examination revision and preparation 16

Writing the examination   3

Total  120

Table 0.3 shows how you could structure your study plan. Please note: this 
study plan starts on 15 January, to allow you to complete 120 hours for the 
module at a rate of eight hours per week. If you start studying later, you need 
to adapt the schedule in order to fit in more hours per week. The dates below 
are approximate, as specific dates vary from year to year. If you are doing this 
module in the second semester, please amend the dates accordingly.
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TABLE 0.3
Weekly study plan

Week  
(each week 
represents a 
minimum of 
eight hours of 
study time)

Activity 

1 (around  
15 January)

Read and re-read Tutorial Letter 101 and the Introduc-
tion in your study guide

Skim the study guide and textbook, to form a thorough 
general impression of the whole

Start studying unit 1 (spend at least two hours)

2 (22 January) Complete unit 1 and all related learning activities

3 (29 January) Start studying unit 2

4 (5 February) Complete unit 2 and all related activities

Start Assignment 01

5 (12 February) Complete and submit Assignment 01 (if you submit your 
assignment by post, allow sufficient time for it to reach 
Unisa on or before the due date)

Start studying unit 3 and do all related activities (spend 
at least five hours)

6 (19 February) Continue with unit 3 and all related activities

7 (26 February) Complete unit 3 and all related activities

Start studying unit 4

8 (12 March) Complete unit 4 and all related activities. Start on unit 5

9 (19 March) Complete unit 5 and all related activities

Start studying units 6 and 7

10 (26 March) Complete units 6 and 7 and all related activities

11 (2 April) Complete and submit Assignment 02 (depending on 
how you submit your assignment, allow sufficient time 
for it to reach Unisa on or before the due date)

12 (9 April) Complete Assignment 03, the self-assessment assign-
ment (this is not for submission and will not be marked)

13 (16 April) Revision and preparation for the exam

14 (23 April) Revision and preparation for the exam

15 (30 April)
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Assignments in this module take the form of written work, and they should give 
you an idea of how well you are progressing towards achieving the learning 
outcomes.

Your work on each learning unit should involve the following:

 • First skim through the unit and note the main concepts that you have to 
understand

 • Read through the unit more carefully and make your own summary of the 
work, focusing on the examples that are presented

 • Complete all activities in each unit, as well as any online tasks assigned to 
you on your e-tutor site

 • If you need further information or clarification on a topic, post a query to 
your e-tutor on the e-tutor site. If you have internet access, click on the 
links to websites and online video clips that appear in some study units. 
Remember: the internet is dynamic, so a link may be outdated or may have 
moved when you try to access it. If that is the case, do your own internet 
search for explanations, images or videos related to the topic. Go to www.
google.com or https://images.google.com or similar search sites, and type in 
keywords related to the topic

 • Throughout the semester, maintain contact with your e-tutor and your 
fellow students. Share your questions, concerns and insights with them: 
learning is more effective when it is a social and collaborative activity! If 
there are any questions that your e-tutor cannot answer, you are welcome 
to contact your lecturer.

As you work, compile your own study and exam preparation portfolio. 

What is a portfolio? It is a folder/file in which you gather and compile additional 
and/or summarised information during the year as you work through the 
learning material. 

Your portfolio should comprise

 • answers to each activity in each learning unit
 • a summary of the key points in each learning unit
 • your marked assignments (or a copy you made prior to submitting your 

assignment)
 • your reflections on each learning unit
 • (where relevant) any extra reading material taken from the internet, additional 

books or scientific journals 
 • a new vocabulary of words or a glossary of new terms, in your own words

Your portfolio will not be assessed, but it is an extremely valuable tool which 
you can refer to when completing your assignments, checking whether you 
have achieved the learning outcomes of the module, and revising for the exam.

6  WHAT SUPPORT SERVICES ARE AVAILABLE TO YOU AS A UNISA 
STUDENT?

For more information on the various student support systems and services 
available at Unisa (e.g. student counselling, tutorial classes, language support), 
consult Tutorial Letter 101 and the brochure myStudies@Unisa.
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 • Fellow students

It is always a good idea to have contact with your fellow students, if not face 
to face, then by using the “Discussion” menu option on your e-tutor site on 
myUnisa. You can also use the Discussion forum to find out whether there are 
students in your area who would like to form study groups.

 • E-tutor

This module may have an e-tutor, so please consult Tutorial Letter 101 to see if 
this is the case. If you do have an e-tutor, note that they have a separate online 
site, which usually has a name like the following: ELE2601-S1-1E. The e-tutor is 
there to support you, and to answer any questions about your learning activities.

 • Library

myStudies@Unisa lists all the services offered by the Unisa library. 

To log onto the library website, you will be required to provide your login 
details, i.e. your student number and your myUnisa password. Accessing the 
library’s online resources and services will enable you to 

 • request library material 
 • view and renew library material
 • use the library’s e-resources

 • Unisa Directorate for Counselling and Career Development (DCCD)

The DCCD supports prospective and registered students before, during and 
after their Unisa studies. In addition to resources on their website, printed 
booklets are available to assist you with

 • career advice and how to develop your employability skills
 • study skills
 • academic literacy (reading, writing and quantitative skills)
 • assignment submission
 • exam preparation

You can access the DCCD website from the main Unisa site at www.unisa.ac.za. 
Click on “About”, then on “Service Departments” and then on “Counselling 
and Career Development”.    

 • Student Health and Wellness

Your physical health is an important factor in your learning success. Obtaining 
an educational qualification is challenging and may at times be stressful. It is 
therefore vital that you maintain a healthy lifestyle to ensure that you cope 
physically with the demands of your studies.

If you suspect (or know) that you suffer from a chronic condition but are unsure 
about medical options and treatment, you could approach Unisa for further 
information and support. You can access the Student Health and Wellness 
website from the main Unisa website: click on “About”, “Service Departments”, 
“Student Affairs” and then on “Student Health and Wellness”. Here you will 
find details of Unisa’s health and wellness clinics, and also some health and 
wellness resources.  
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Please note: if you do have a health-related condition such as HIV/Aids, or have 
a close family member with this or any other health condition, you need to take 
cognisance of this in planning your studies. It would be unwise to cram tasks 
as this creates enormous stress which will negatively impact your performance 
as a student, as well as your health. Planning your studies is essential so that 
you work consistently and make progress.

It would be wise to know your health status (HIV/Aids, blood pressure, diabetes, 
cholesterol, etc). If you are informed by medical tests, with the necessary 
medical and supportive interventions you can prolong and improve the quality 
of your life and work towards succeeding at your studies. 

To obtain basic information about the prevention of, testing for and treatment 
of HIV/Aids, consult the following web links:

 • http://www.aidsconsortium.org.za/docs/AC%20Pamphlets/
HIV%20treatment%20Wise%20-%20March%202010.pdf (Click on 
“Publications”; under “AC pamphlets”, click on “HIV Treatment Wise”.)

 • http://www.aids.org/topics/aids-factsheets/
 • https://www.westerncape.gov.za/documents/public_info/L (Click on 

“Living with HIV/Aids”.)
 • https://www.westerncape.gov.za/general-publication/

frequently-asked-questions-about-hiv-and-aids

You could also approach the DCCD about counselling in this regard.

 • The Advocacy and Resource Centre for Students with Disabilities 
(ARCSWiD)

For more information about this centre, go to their web page by accessing 
Unisa’s main website. Click on “About”, “Service Departments”, “Student 
Affairs” and “ARCSWiD”. You can also contact the centre at 012 441 5470/1.

7 FEATURES OF THIS STUDY GUIDE

The following are important features of this study guide:

 • Learning outcomes. At the beginning of every study unit a list of learning 
outcomes outlines the purpose of your learning in that particular unit. When 
reviewing the module, look back at the outcomes and check whether you 
have achieved them all. That will provide an overview of the knowledge 
and skills you should have acquired in the module

 • Examples. A number of examples are provided in the study units to clearly 
show you how to solve specific problems and do the related calculations

 • Activities. Each study unit contains activities (exercises) which you need 
to complete as you work through the text. At times you will also be referred 
to the textbook and asked to complete certain exercises there. Completing 
the activities will help you to get to grips with concepts and calculations 
that are taught in the unit, and will also make it easier for you to eventually 
apply the knowledge and skills you are learning in practice.  
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8 ASSESSMENT IN THE MODULE

Your work in this module will be assessed by means of written assignments as 
well as an examination. See Tutorial Letter 101 for full details of the assessment. 

Good luck and enjoy the module!
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1S T U D Y  U N I T  1

1INTRODUCTION TO AC CIRCUITS

TABLE OF CONTENTS PAGE

1.1 LEARNING OUTCOMES 1
1.2 INTRODUCTION 1
1.3 BASIC CONCEPTS ASSOCIATED WITH A.C. VOLTAGE  2

1.3.1 Generation of AC voltage 2
1.3.2 Average and root-mean-square (r.m.s.) values of alternating 

quantities 4
1.3.3 Phasor representation of a.c. quantities 5

1.4 POLAR-RECTANGULAR NOTATIONS  5
1.5 CONCLUSION 8

1.1 LEARNING OUTCOMES
After completing this study unit, you should be able to explain basic concepts 
and solve basic problems related to a.c. circuits, by means of calculations. 
More specifically, you should be able to do the following:

 • Explain and calculate the instantaneous value of a sinusoidal wave 
 • Explain the concept of supply frequency of an alternating current
 • Explain and calculate the r.m.s. value of a sinusoidal current and voltage
 • Draw and interpret phasor diagrams for voltage and current in a purely 

resistive load, capacitive load and inductive load
 • Indicate phase angles between voltage and current on the sinusoidal 

waveforms of the given a.c. circuit and reflect or show the impedance 
equation used

 • Convert rectangular form to polar form or vice versa 

1.2 INTRODUCTION
Reading: To complete this unit, study the chapter “Alternating voltage and 
current” in your prescribed textbook, or corresponding sections in one of the 
recommended textbooks.  

You are already familiar with d.c. quantities and networks, having studied them 
in Electrical Engineering or Electrical Technology in your first year. However, 
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most electrical systems nowadays are supplied from an alternating voltage. 
An alternating current fl ows fi rst in one direction and then in another, from 
positive to negative, and can be represented by a sine wave. For the purposes 
of this course, the word “alternating” therefore refers to a sinusoidal where the 
quantity of voltage or current varies. 

In this module, we will study the characteristics of a.c. circuits, and in this unit 
you will learn to calculate various quantities related to those circuits. Since 
alternating current is a sinusoidal varying quantity, in this unit we discuss, 
amongst others, the basic sine wave and its related terminology which forms 
an important building block towards understanding concepts such as 

 • supply frequency
 • root-mean-square (r.m.s. value) 

We will look at the formation of impedance and the behaviour of current 
as a result of a.c. voltage being applied to resistive, inductive and capacitive 
circuits respectively, as well as at the different possible combinations of 
circuit components. This will cast light on the concepts of circuit impedance 
and phase displacement between current and voltage.

1.3 BASIC CONCEPTS ASSOCIATED WITH AC VOLTAGE
Before looking at calculations relating to a.c. circuits in study unit 2, familiarise 
yourself with the basic concepts associated with the a.c. quantities of series, 
parallel and series-parallel circuits supplied from an a.c. source. Refer to one 
of the following: 

 • Your prescribed textbook, Electrical and electronic technology by E Hughes 
(see the chapter “Alternating voltage and current”) 

 • Basic electrical engineering by SJ van Zyl, and/or 
 • Electrical circuit theory and technology by J Bird.

1.3.1 Generation of AC voltage
Figure 1.1 shows how an alternating current is generated within an a.c. generator. 
Refer to the chapter “Alternating voltage and current” in the prescribed textbook 
or the corresponding section in the recommended textbooks for a more 
detailed explanation.

A single turn with sides of length (l) rotating with velocity (v) inside a magnetic 
fi eld strength (B) generates voltage , where  is that component 
of the velocity perpendicular to the fl ux.
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FIGURE 1.1

When θ = 0°, e = 0; θ = 90°, e = 2Blv = Emax. Therefore, e = Emsinθ. That 
is, the generated voltage is sinusoidal.

FIGURE 1.2

The electromotive force (e.m.f.) may be plotted to a base of angle, θ, or time, 
t, as shown in fi gure 1.2. The waveform repeats every 2π radians (one cycle).

If ƒ is frequency in hertz, then the coil rotates through ƒ revolutions or 2πƒ 
radians in one second. The angle through which the coil rotates in one second 
is known as the angular velocity, ω; i.e. 2πƒ rad/sec = ω.

Given the time t, we can fi nd the total angle through which the coil has 
rotated; that is

θ = angular velocity × time = ωt

Therefore, e = Em sin ωt. Similarly for current i = Imsin ωt

1Ac tiv it y  1.1

A sinusoidal alternating current is represented by the equation: 

(1) Calculate the time taken from t = 0 seconds for the current to reach 
a value of 6.75 A for the second time. 

(2) Calculate the energy dissipated when the current fl ows through a 22 
Ω resistor for one hour.



  

. . . . . . . . . . .
4

(3) Determine the expression for the instantaneous voltage drop across 
the resistor.

Attempt to do these calculations yourself before looking at the solution below.

Solution

(1)

(2)

(3)

1.3.2 Average and r.m.s. values of alternating quantities
Refer to the section “Average and r.m.s. values of sinusoidal currents and 
voltages” in Hughes or corresponding sections in any of the recommended 
textbooks.

The average value may be calculated over half a cycle, that is

 

This expression may be written in terms of the current, I.

The average value of the a.c. quantity is, however, of little importance as it is 
not related to the transfer of energy. The fundamental function of an electrical 
circuit is to transfer electrical energy, hence the a.c. voltage and current must 
be expressed in terms that are related to the energy transfer. This is achieved 
by using the r.m.s. values of the voltage and current.

Consider the current  fl owing through a resistor, R. The instantaneous 
power dissipated is .

The average power over one cycle, P = R x (mean value of i2), or P = I2R.

where I2 = (mean value of i2) and I is the effective value of the current.
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Therefore, (mean value of i2). That is,  = 

Thus, Irms = area enclosed by i2 divided by length of the base.

The ratio of r.m.s. value to the average value is termed the form factor of the 
waveform, that is

kf is equal to 1.0 for the square waveform and is 1.11 for the sinusoidal wave. 
It will have a different value for other waveforms.

1.3.3 Phasor representation of a.c. quantities 
Refer to the section “Representation of an alternating quantity by a phasor” 
in Hughes or corresponding sections in any of the recommended textbooks.

In 1893, Charles Proteus Steinmetz introduced the phasor representation of 
sinusoidal quantities in a bid to reduce lengthy arithmetical operations. A 
phasor is a line drawn to represent a sinusoidal alternating quantity. It can 
be regarded as a basic complex number containing the amplitude and phase 
angle information of the sine wave.  

1.4 POLAR-RECTANGULAR NOTATIONS 
Revise complex numbers from Mathematics I, and the section “Addition and 
subtraction of sinusoidal alternating quantities” in Hughes. 

Any point on the sine wave could be projected to the vertical axis where it 
can be represented in terms of the line amplitude and angle (see fi gure 1.3). 

FIGURE 1.3

Using Euler’s identity, the general sinusoidal equation of an alternating quantity can 
be seen as the imaginary part ( ) of a complex number. It is expressed as follows:

Consider an a.c. current, i = Im sinθ. This quantity may be represented in phasor 
form. A phasor is basically an arrow of length equal to the magnitude of the 
current, Im, and drawn at an angle θ with respect to a reference axis. The phasor 
is assumed to rotate anti-clockwise at a speed given by θ = ωt.
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 If you have access to the internet, you can view animations representing 
phasors here:

 • https://en.wikipedia.org/wiki/Phasor
 • http://www.learnabout-electronics.org/ac_theory/ac_ccts_53.php

The phasor may be expressed, mathematically speaking, in various ways, 
namely through polar, rectangular or trigonometric notations.

(1) Polar notation. The quantity is expressed in the form , or in gen-
eral terms as , where A is the magnitude and  is referred to as the 
argument of the phasor.

(2) Rectangular notation. Phasor . Basically, here the phasor is 
resolved into real and “imaginary” components using the j-operator.

(3) Trigonometric notation. A = , where A (bold type) is the 
phasor and A is the magnitude (scalar).

Since the r.m.s. value is mostly used in measuring a.c. quantities and analysing 
a.c. circuits, the magnitude of phasors is then made equal to the RMS value 
instead of the maximum value. 

 

(1.1)

If ; equation (1.1) reduces to 

(1.2)

The phasor diagrams associated to equations (1.1) and (1.2) are shown in fi gure 
1.4 below.

FIGURE 1.4

However, certain arithmetic operations (addition and subtraction) require phasor 
quantities  to be transformed in Cartesian or rectangular form 
(j-notation):

(1.3)
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where the following conversions are applicable:

Note: These conversions can also be done with the aid of a scientifi c calculator.

Example 1.1 

Express the following sinusoidal quantities: e = 120sin 314.159t [V];  
i =17sin (314.159t − 60°) [A] in terms of their phasors. Also draw their respective 
phasor diagrams.

Solution

 V

V

 A

A

Example 1.2 

The following currents: ;  and 

 add up at a certain node. Determine the total current 
measured out of that node.

Solution

(1) Convert the sinusoidal equations into their phasor quantities:

A; A and A
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 (2) Convert the phasors into Cartesian form: 

 (3) Add up the currents obtained in (2) to fi nd the total current:

 (4) Convert the total current thus obtained into phasor representation and 
into the sinusoidal equation:

  ( Use your scientifi c calculator to verify 
this answer!)

2Ac tiv it y  1. 2 

Write the phasor representation of the following sinusoidal equations:

 [A] and  [A]. 

[Answer: A; A]

1.5 CONCLUSION
In this study unit we revised certain fundamental concepts and principles that 
you need to know for a more detailed understanding of a.c. circuits. Now that 
you have mastered these concepts, we can continue our exploration of a.c. 
circuits in the next study unit.
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2S T U D Y  U N I T  2

2ALTERNATING CURRENT THEORY

TABLE OF CONTENTS PAGE

2.1  LEARNING OUTCOMES 9
2.2  INTRODUCTION 9
2.3  SINGLE-PHASE A.C. CIRCUIT ANALYSIS 10

2.3.1  Resistive circuits 10
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2.3.3.1  Behaviour of a capacitive load 14
2.3.3.2  Steady-state response of a purely capacitive circuit 14

2.3.4  Series a.c. circuits 17
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2.3.4.3 Series RLC circuit 24

2.4 PARALLEL AND SERIES-PARALLEL A.C. CIRCUITS 29
2.5   ADMITTANCE, CONDUCTANCE AND SUSCEPTANCE 30
2.6   CONCLUSION 30

2.1 LEARNING OUTCOMES
After completing this study unit, you should be able to solve problems related 
to a.c. circuits by means of calculations. More specifically, you should be able 
to do the following:

 • Solve problems related to the magnitude and phase of current, voltage and 
impedance in single-phase a.c. series, parallel and series-parallel circuits 

 • Correctly define and calculate admittance, susceptance and conductance

2.2 INTRODUCTION
Reading: to complete this unit, study the chapter “Single-phase series circuits” in 
your prescribed textbook or corresponding sections in one of the recommended 
textbooks.  
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The process of studying, analysing and determining the different electrical 
quantities involved in an electrical circuit by using calculations is known as 
circuit analysis. Through circuit analysis, as an engineering technician you 
will be able to set up electrical models and express physical situations (e.g. 
situations where various electrical systems are integrated with each other) in 
terms of mathematical relationships. This is an essential basic skill you will 
need when working with electrical systems.

In this unit we analyse a.c. circuits in detail: fi rst, by looking at the different 
types of loads (resistive, inductive and capacitive) in single-phase a.c. circuits, 
and then at parallel a.c. circuits.

2.3 SINGLE-PHASE AC CIRCUIT ANALYSIS
In this section we study the relationships between the voltage and current in 
a single-phase circuit containing resistance, capacitance and inductance, or 
a combination of these.

2.3.1 Resistive circuits
Refer to the sections “Basic a.c. circuits” and “Alternating current in a resistive 
circuit” in Hughes or corresponding sections in any of the recommended 
textbooks. 

Consider a resistor connected across the terminals of an a.c. supply (fi gure 
2.1a). If the instantaneous value of the voltage is represented by ν = Vm sin ωt, 
then the instantaneous value of the current in the resistive circuit is

Therefore, Vm = ImR. Dividing by  gives 

, or V = IR where V and I are the r.m.s. values.

As can be seen from the expressions for the instantaneous values of voltage 
and current, the two quantities are in phase – see the phasor diagram in fi gure 
2.1b and the sinusoidal wave in fi gure 2.1c. 

FIGURE 2.1



 S T UDY UN I T 2 :  A l ter nat ing cur rent  th e o r y

. . . . . . . . . . . . . . .
ELE 26 01/111

2.3.2 Inductive circuits
Refer to the following sections in Hughes: “Alternating current in an inductive 
circuit”, “Current and voltage in an inductive circuit” and “Mechanical analogy 
of an inductive circuit” or corresponding sections in any of the recommended 
textbooks. 

First the focus is on the behaviour of an inductive load, and then on the steady-
state response of a purely inductive circuit.

2.3.2.1 Behaviour of an inductive load

Consider the circuit in fi gure 2.2. If the instantaneous value of the current is 
represented by , then the inductor (back) voltage is given by 

The supply voltage, ν, is equal and opposite to the back e.m.f., e. Hence 

For an inductive circuit, the supply voltage leads the current by 90°.

FIGURE 2.2

Impedance is the measure of the opposition that a circuit presents to a current 
when a voltage is applied.

Reactance is the opposition of a circuit element to a change in current or 
voltage, due to that element’s inductance (L) or capacitance (C).

The peak voltage Vm = ωLIm, and in terms of the r.m.s values, V = IωL. ωL is the 
impedance of the inductive circuit to the fl ow of current and is referred to as the 
inductive reactance, XL, of the circuit.

2.3.2.2 Steady-state response of a purely inductive circuit

The term “purely inductive circuit” refers to a circuit with inductance only. 
This is a zero resistance inductor or coil.
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FIGURE 2.3

The self-induced e.m.f. developed across the zero resistance coil is given as

(1.19)

Hence

(1.20)

The term  is the magnitude of the inductive reactance. It is denoted 
by XL and is expressed in ohms (Ω). It represents an opposition to a current 
fl ow through an inductor and can also be written in terms of its complex 
notation as follows:

In terms of the phasors:

 (2.1)
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The steady-state current response of a purely inductive circuit when subjected 
to a sinusoidal voltage consists of a sinusoidal wave of the same frequency 
as the voltage, with 90o phase shift in delay. Therefore, the current lags the 
voltage by 90o (the current gets to maximum 90o later than the voltage).

FIGURE 2.4

Also note that the inductive reactance increases linearly with an increase in the 
frequency while the current is inversely proportional to the supply frequency 
(see fi gure 2.5).

FIGURE 2.5

2.3.3 Capacitive circuits
Refer to the following sections in Hughes: “Alternating current in a capacitive 
circuit”, “Current and voltage in a capacitive circuit” and “Analogies of a 
capacitance in an a.c. circuit” or to corresponding sections in any of the 
recommended textbooks. 

First, the focus is on the behaviour of a capacitive load, and then on the steady-
state response of a purely capacitive circuit.
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2.3.3.1 Behaviour of a capacitive load

Consider the circuit in fi gure 2.6. If the instantaneous value of the voltage is 
represented by , then the current through the capacitor is given by 

It can be seen that, for a capacitive circuit, the supply voltage lags the current 
by 90o.

FIGURE 2.6

The peak current Im = ωCVm, and in terms of the r.m.s. values, I = VωC, or 

V =  I. , which is the impedance of the capacitive circuit to the fl ow of 

current, is referred to as the capacitive reactance, Xc, of the circuit.

2.3.3.2 Steady-state response of a purely capacitive circuit

The term “purely capacitive circuit” refers to a circuit with capacitance only. 
No resistance is part of the capacitor.

FIGURE 2.7

The voltage across the capacitor at any point in time can be expressed in terms 
of the capacitance, C, and the charge, q:

 (2.2) (2.2)
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To fi nd the current through the capacitor, equation (2.2) is differentiated as:

 (2.3)

From equation (2.3) it can be seen that

 (2.4)

The term  is the magnitude of the capacitive reactance which is 

denoted by Xc and is expressed in ohms. The capacitive reactance can also 

be written in terms of its complex notation:  it 

indicates an opposition to a current fl ow through a capacitor.

In terms of the phasor notation:

 (2.5)

The steady-state current response of a purely capacitive circuit when subjected 
to a sinusoidal voltage consists of a sinusoidal wave of the same frequency 
as the voltage, with a 90o phase shift in advance. Therefore, the current leads 
the voltage by 90o (the voltage gets to maximum 90o later than the current) 
(see fi gure 2.8).

 (2.3)

 (2.4)

 (2.5)
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FIGURE 2.8

It is worth noting that the capacitive reactance is inversely proportional to the 
supply frequency, while the current linearly increases with an increase in the 
frequency, as depicted in fi gure 2.9.

FIGURE 2.9

Example 1.1 

Find the sinusoidal equations as well as the phasor quantities of the resulting 
currents when the following voltage e = 75 sin 377t (V) is used to supply a 
resistive circuit of resistance R = 15Ω; a purely inductive circuit of inductance 
L = 125mH and a purely capacitive circuit of capacitance C = 50µF.

Solution

For a resistive circuit:
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For a purely inductive circuit:

For a purely capacitive circuit:

3Ac tiv it y  2 .1 

(1) Given the following quantities, E = 180∠0° V; R = 12Ω; L = 0.5H; 
C = 125µF and the supply frequency is 50Hz, determine the phasor 
quantities of the currents fl owing through these components. 

[Answer: 15∠0° A; 1.146∠ –90° A; 7.069∠0° A]

 (2) Complete exercise 10, section 1 in Hughes, problems 7–11.

2.3.4 Series a.c. circuits 
Refer to the following sections in Hughes: “Resistance and inductance in series”, 
“Resistance and capacitance in series” and “Alternating current in an RLC 
circuit”, or to corresponding sections in any of the recommended textbooks. 

In alternating circuits, the applied voltage is found by summing the phasors 
representing the voltage drops in individual elements (R, L or C) of the circuit. 
Here, the current phasor is the reference phasor, because the current is common 
to all elements in a series circuit.

2.3.4.1 Series RL circuit 

The term “series RL circuit” refers to a circuit made of a purely resistive element 
expressed in ohm and a purely inductive element expressed in henry (H).
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FIGURE 2.10

The current fl owing in the purely resistive and the inductive element is the 
same. Its phasor is chosen as the reference, thus the current I can be found as

I = Iej0 = I∠0°

The voltage drop across the resistor is VR = IR and across the inductance is 
VL = jIXL

where XL is the inductive impedance. VR is in phase with I, but VL leads 
I by 90°.

We can write VR∠L0° and VL∠90° for the phasors.

In a closed network, as per Kirchhoff’s voltage law (KVL), for a.c. networks 
the phasor sum of the voltages is zero. V – VR – VL = 0

The total voltage is therefore V = VR + VL = IR + jIXL = I(R + jXL) = IZL (2.6)

From equation 2.6, ZL = V/I.ZL is called the complex inductive impedance of 
the circuit. 

The magnitude of the inductive impedance is  (2.7)

The angle φ can be found as φ =  (2.8)

The phasor diagram below (fi gure 2.11) shows that the total voltage V is the 
resultant of VR and VL.
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FIGURE 2.11

Consider the circuit in fi gure 2.12. The phasor sum of the inductor voltage, VL, 
and resistor voltage, VR, is the supply voltage, V. That is

V = VR + VL.

As derived in the previous sections, the current is in phase with VR but lags 
VL by 90o (fi gure 2.12). Hence, 

V = IR + IjωL = I(R + jωL) = IZ, where Z is the circuit impedance.

FIGURE 2.12

Z is a complex quantity. It consists of a magnitude and an angle. The magnitude 

is given by .

The angle, φ = . The impedance can then be expressed as 

Z =  φ. It can be seen that, for a resistive-inductive circuit, the supply 

voltage leads the current by an angle φ; that is, 
 
– φ.

4Ac tiv it y  2 . 2

A coil has an inductance of 50mH and negligible resistance. Calculate its 
inductive reactance and the resulting current if connected to (a) a 240 
V, 50 Hz supply, and (b) a 115 V, 1 kHz supply. Do the calculation before 
checking the solution below.
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Solution

(a)

(b)

A coil consists of a resistance of 110Ω and an inductance of 205 mH. If an 
alternating voltage, ν, given by ν = 220sin 500t volts is applied across the coil, 
calculate (a) the circuit impedance, (b) the current fl owing, (c) the potential 
difference (p.d.), across the resistance, (d) the p.d. across the inductance and 
(e) the phase angle between voltage and current.

Solution

(a)

(b)

(c) 

(d)

(d) 



 S T UDY UN I T 2 :  A l ter nat ing cur rent  th e o r y

. . . . . . . . . . . . . . .
ELE 26 01/121

Example 1.2 

Find the phasor quantity of the resulting current when the following voltage: 
e = 75 sin 377t (V) is used to supply an RL series circuit with resistance 
R = 15Ω and inductance L = 125mH.

Solution

We need to fi nd I such that V/ZL and ZL = R + jXL

5Ac tiv it y  2 . 3 

1. Find the phasor quantities of the current when a voltage  is applied to 
a series circuit that has a resistance of 50 and an inductance of 0.03 H. 

[Answer: I = 0.692∠ – 11.8597° (A)]

2. Calculate the reactance of a coil of inductance 0.2 H when it is con-
nected to (a) a 50 Hz, (b) a 600 Hz and (c) a 40 kHz supply.

[Answer: (a) 62.83 (b) 754 (c) 50.27 k]   

3. A coil has a reactance of 120 Ω in a circuit with a supply frequency of 
4 kHz. Calculate the inductance of the coil. 

[Answer: 4.77 mH]

4. A supply of 240 V, 50 Hz is connected across a pure inductance and 
the resulting current is 1.2 A. Calculate the inductance of the coil. 

[Answer: 0.637 H]

5. An e.m.f. of 200 V at a frequency of 2 kHz is applied to a coil of pure 
inductance 50 mH. Determine (a) the reactance of the coil, and (b) the 
current fl owing in the coil. 

[Answer: (a) 628 (b) 0.318 A]

6. Calculate the capacitive reactance of a capacitor of 20 μF when con-
nected to an AC circuit of frequency (a) 20 Hz, (b) 500 Hz and (c) 4 kHz. 

[Answer: (a) 397.9 (b) 15.92 (c) 1.989]

7. A capacitor has a reactance of 80 Ω when connected to a 50 Hz supply. 
Calculate the value of its capacitance. 

[Answer: 39.79 μF]

8. A capacitor has a capacitive reactance of 400 Ω when connected to a 
100 V, 25 Hz supply. Determine its capacitance and the current taken 
from the supply. 

[Answer: 15.92 μF, 0.25 A]
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9. Two similar capacitors are connected in parallel to a 200 V, 1 kHz sup-
ply. Find the value of each capacitor if the circuit current is 0.628 A. 

[Answer: 0.25 μF]

2.3.4.2 Series RC circuit

A series RC circuit is made of a purely resistive element expressed in ohm and 
a capacitive element expressed in farad (F) connected in series and supplied 
by an a.c. voltage source. 

FIGURE 2.13

As for an RL series circuit, the current fl owing in the elements is the same and 
its phasor is chosen as the reference phasor.

I = Iej0 = I∠0°

The voltage drop across the resistor is VR = IR and across the capacitor is

VC = –jIXC

Where XC is the capacitor impedance. 

VR is in phase with I but VC lags I by 90°.

We can write VR∠0° and VL∠90° for the phasors.

In a closed network, as per the KVL, for a.c. networks, the phasor sum of the 
voltages is zero. 

V – VR – VC = 0

The total voltage is therefore:

V = VR + VC = IR – jIXC = I(R – jXC) = IZC (2.9)

From equation 2.9, ZC = V/I.

ZL is called the complex capacitive impedance of the circuit. 

The magnitude of the capacitive impedance is 

 (2.10)

The angle φ between VR and V can be found as  (2.11)

The total voltage V is the resultant of VR and VC as seen from the 
phasor diagram.
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FIGURE 2.14

Example 1.3 

Find the phasor quantity of the resulting current when the voltage e = 230sin 
200t (V) is used to supply an RC series circuit with resistance R = 12 Ω and 
capacitor C = 100 µF.

Solution

The current is to be found by 

We fi rst fi nd the voltage as

We then compute the value of XC

We then calculate the value of the total impedance

The current phasor can be calculated as
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6Ac tiv it y  2 .4 

1. Calculate the current taken by a 25 µF capacitor when connected to 
a 240 V, 50 Hz supply.

 Solution
 

 

2. Find the value of the capacitance and resistance if the current 
fl owing through a series RC network is 0.125∠30° when a voltage 
e = 50sin350t (V) is applied. 

[Answer: C = 11.666 µF; R = 244.912Ω]

3. Determine the impedance of a coil which has a resistance of 12 and a 
reactance of 16.  

[Answer: 20 Ω]

4. A coil takes a current of 5 A from a 20 V d.c. supply. When connected 
to a 200 V, 50 Hz a.c. supply the current is 25 A. Calculate the 

 (a) resistance 
 (b) impedance 
 (c) inductance of the coil. 

[Answer: (a) 4 Ω (b) 8 Ω (c) 22.05 mH]

5. A coil of inductance 636.6 mH and negligible resistance is connected 
in series with a 100 Ω resistor to a 250 V, 50 Hz supply. Calculate the

 (a) inductive reactance of the coil 
 (b) impedance of the circuit 
 (c) current in the circuit 
 (d) p.d. across each component 
 (e) circuit phase angle.

 [Answer: (a) 200 Ω (b) 223.6 Ω (c) 1.118 A (d) 223.6 V, 111.8 V (e) 
63°260 lagging]

2.3.4.3 Series RLC circuit
As shown in fi gure 2.15, a series RLC circuit is made of a purely resistive element 
R expressed in ohm, an inductive element L in henry and a capacitive element 
C expressed in farad connected in series and supplied by an a.c. voltage source. 

FIGURE 2.15
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The current i fl owing in the circuit has the same value at any point where the 
phasor is chosen as the reference.

I=Iej0= I∠0°

The voltage drops are

 • across the resistor VR = IR with VR being in phase with I, meaning it can be 
written as VR∠0°

 • across the inductor VL = jIXL with VL leading I by 90°, meaning it can be 
written as VL∠90°

 • across the capacitor VC = –jIXc with VC lagging I by 90°, meaning it can be 
written as VL∠ –90°

When applying the KVL in the network, the supply voltage is equal to the sum 
of the voltages across the resistor, the inductor and the capacitor.

V = VR + VL +VC

Replacing each voltage by its components, as shown above, the equation 
becomes

 V = IR + jIXL – jIXC (2.12)

From equation 2.12, after factorisation, the following can be obtained 

 V = I[R + j (XL + XC)] (2.13)

The term R + j(XL + XC) is known as the complex impedance of the RLC circuit 
and it can be simply replaced by Z.

Therefore the equation becomes 

The source voltage V is the complex sum of VR, VL and VC. The phasors VL and 
VC are opposite to each other and in the diagram below, VL is considered to 
be greater than VC.

FIGURE 2.16
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From the fi gure above, the voltage V can be obtained as 

By replacing VR, VL and VC by their respective expressions, we obtain

Thus V = IZ with Z being the magnitude of the impedance of the circuit, 
meaning 

  (2.14)

Knowing that XL = ωL and XC = , equation 2.14 becomes

The angle ϕ can also be found from fi gure 1.16 as 

  (2.15)

By replacing all the voltages by their respective expressions, and after 
simplifi cations, the equation becomes

  (2.16)

Note: when

 • XL > XC, tan ϕ is positive, the current lags the supply voltage by ϕ
 • XL < XC, tan ϕ is negative, the current leads the supply voltage by ϕ
 • XL = XC, tan ϕ is equal to zero, the current and the supply voltage are in 

phase; this is the known as the condition for series resonance in a network

Example 1.4 

A network has a 20 ohm resistor, a 0.5 henry inductor and a 3 microfarad 
capacitor, all placed in series. The supply voltage is 120 volts with a frequency 
ω = 370S–1. Find 

(a) the total impedance 
(b) the current
(c) the voltage across R, L and C
(d) the phase relationship between the current and the voltage 
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Solution

(a) From the equation 

(b) 

(c) Voltage across R 

 Voltage across L 

 Voltage across C 

(d) The phase relationship between the current and voltage supply

7Ac tiv it y  2 . 5

Given a network with the following characteristics: 50Ω, 0.10 H and 120 µF 
all in series connected to a 220 V supply at 50 Hz, calculate the phase 
relationship between the current and the voltage and construct a phasor 
diagram, assuming that VR is in the fi rst. 

[Answer: ϕ = 5.586°]

8Ac tiv it y  2 .6

(1) A coil of inductance 80 mH and resistance 60 Ω is connected to a 200 
V, 100 Hz supply. Calculate the circuit impedance and the current taken 
from the supply. Also fi nd the phase angle between the current and 
the supply voltage.

[Answer: 78.27, 2.555 A, 39°570 lagging]

(2) An alternating voltage given by ν = 100 sin 240t volts is applied across 
a coil of resistance 32 Ω and inductance 100 mH. Determine the
(a)  circuit impedance 
(b)  current fl owing 
(c)  p.d. across the resistance 
(d)  p.d. across the inductance.

[Answer: (a) 40 (b) 1.77 A (c) 56.64 V (d) 42.48 V]
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(3) A resistance of 50 ohm is connected in series with a capacitance of 20 
μF. If a supply of 200 V, 100 Hz is connected across the arrangement, 
find the 
(a) circuit impedance 
(b) current flowing
(c) phase angle between voltage and current.

[Answer: (a) 93.98 (b) 2.128 A (c) 57°510 leading]

(4) An alternating voltage of e = 250 sin 800t volts is applied across a series 
circuit containing a 30 ohm resistor and 50 μF capacitor. Calculate the 
(a)  circuit impedance 
(b)  current flowing through the circuit 
(c)  p.d. across the resistor 
(d)  p.d. across the capacitor 
(e)  phase angle between voltage and current.

[Answer: (a) 39.05 (b) 4.527 A (c) 135.8 V (d) 113.2 V (e) 39]

(5) A 40 μF capacitor in series with a coil of resistance 8 Ω and inductance 
80 mH is connected to a 200 V, 100 Hz supply. Calculate the
(a)  circuit impedance 
(b)  current flowing 
(c)  phase angle between voltage and current 
(d)  voltage across the coil
(e)  voltage across the capacitor.

[Answer: (a) 13.18 (b) 15.17 A (c) 52°380 (d) 772.1 V (e) 603.6 V]

(6) Three impedances are connected in series across a 100 V, 2 kHz supply. 
The impedances comprise
  (i)  an inductance of 0.45 mH and 2 Ω resistance
 (ii)  an inductance of 570 μH and 5 Ω resistance
(iii)  a capacitor of capacitance 10 μF and resistance 3 Ω.

(7) Assuming no mutual inductive effects between the two inductances, 
calculate (a) the circuit impedance, (b) the circuit current, (c) the circuit 
phase angle and (d) the voltage across each impedance. 

[Answer: (a) 11.12 Ω (b) 8.99 A (c) 25°550 lagging (d) 53.92 V, 78.53 
V, 76.46 V]

2.4 PARALLEL AND SERIES-PARALLEL AC CIRCUITS 
Refer to the chapter “Single-phase parallel networks” in Hughes, or to 
corresponding sections in any of the recommended textbooks. To review 
these sections, remember that in parallel circuits the current divides, whereas 
in series circuits the voltage divides. Revise these topics in section 1 of your 
prescribed book and attempt the activity below.

9Ac tiv it y  2 .7

R–L parallel a.c. circuit
(1) A 30 Ω resistance is connected in parallel with a pure inductance of 

3 mH across a 110 V, 2 kHz supply. Calculate (a) the current in each 
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branch, (b) the circuit current, (c) the circuit phase angle, (d) the circuit 
impedance, (e) the power consumed and (f) the circuit power factor.

[Answer: (a) 3.67 A, 2.92 A (b) 4.69 A (c) 38° lagging (d) 23.45 (e) 
404 W (f) 0.783 lagging]

(2) A 40 resistance is connected in parallel with a coil of inductance L and 
negligible resistance across a 200 V, 50 Hz supply and the supply cur-
rent is found to be 8 A. Draw a phasor diagram to scale and determine 
the inductance of the coil. 

[Answer: 102 mH]

R–C parallel a.c. circuit
(3) A 1500 nF capacitor is connected in parallel with a 16 Ω resistor across 

a 10 V, 10 kHz supply. Calculate (a) the current in each branch, (b) the 
supply current, (c) the circuit phase angle, (d) the circuit impedance, 
(e) the power consumed, (f) the apparent power and (g) the circuit 
power factor. Draw the phasor diagram.

[Answer: (a) 0.625 A, 0.943 A (b) 1.13 A (c) 56 leading (d) 8.85 (e) 
6.25 W (f) 11.3 VA (g) 0.55 leading] 

(4) A capacitor C is connected in parallel with a resistance R across a 60 
V, 100 Hz supply. The supply current is 0.6 A at a power factor of 0.8 
leading. Calculate the value of R and C.

[Answer: 125, 9.55 μF]

L–C parallel a.c. circuit
(5) An inductance of 80 mH is connected in parallel with a capacitance 

of 10 μF across a 60 V, 100 Hz supply. Determine (a) the branch cur-
rents, (b) the supply current, (c) the circuit phase angle, (d) the circuit 
impedance and (e) the power consumed.

[Answer: (a) 0.377 A, 1.194 A (b) 0.817 A (c) 90° lagging (d) 73.44  
Ω (e) 0 W]

(6) Repeat problem 5 for a supply frequency of 200 Hz.
[Answer: (a) 0.754 A, 0.597 A (b) 0.157 A (c) 90° leading (d) 382.2  
Ω (e) 0 W]

LR–C parallel a.c. circuit
(7) A coil of resistance 60  Ω and inductance 318.4 mH is connected in 

parallel with a 15 μF capacitor across a 200 V, 50 Hz supply. Calculate 
(a) the current in the coil, (b) the current in the capacitor, (c) the supply 
current and its phase angle, (d) the circuit impedance, (e) the power 
consumed, (f) the apparent power and g) the reactive power. Draw 
the phasor diagram.

[Answer: (a) 1.715 A (b) 0.943 A (c) 1.028 A at 30° lagging (d) 194.6 
(e) 176.5 W (f) 205.6 VA (g) 105.6 var] 

(8) A 25 nF capacitor is connected in parallel with a coil of resistance 2 
kΩ and inductance 0.20 H across a 100 V, 4 kHz supply. Determine (a) 
the current in the coil, (b) the current in the capacitor, (c) the supply 
current and its phase angle (by drawing a phasor diagram to scale, 
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and also by calculation), (d) the circuit impedance and (e) the power 
consumed.

[Answer: (a) 18.48 mA (b) 62.83 mA (c) 46.17 mA at 81° leading (d) 
2.166 kΩ (e) 0.683 W]

2.5 ADMITTANCE, CONDUCTANCE AND SUSCEPTANCE
Refer to the section “Polar admittances” in Hughes, or to corresponding sections 
in any of the recommended textbooks. 

Refer to the following link for further explanation: 

 • https://en.wikipedia.org/wiki/Admittance

10Ac tiv it y  2 . 8

Refer to section 1 in Hughes, exercise 11, and do questions 2, 6, 8 and 11.

As you understand by now, much of electrical engineering involves applying 
mathematical problem-solving. Consider how you did in studying study units 
1 and 2. Which problem-solving techniques are you good at, and which do 
you need to improve? If you need to improve, where can you get help?

Apart from consulting your e-tutor and fellow students, another possible way 
of getting help is to search the internet for sites and videos which may help 
to clarify any concepts or problems you are struggling with. You will also find 
useful general tips on studying electrical engineering and preparing for the 
exams on the following sites:

 • https://www.google.co.za/search?q=AC+circuit+theory
 • https://www.examtime.com/blog/how-to-study-maths/
 • http://academictips.org/acad/mathematics/index.html
 • https://www.youtube.com/watch?v=R_SIW3-j4m8

Note that Unisa’s DCCD also has general study-related information at 

 • http://www.unisa.ac.za/default.asp?Cmd=ViewContent&ContentID=96773

2.6 CONCLUSION
After studying this unit you should have a thorough grasp of how to analyse a.c. 
circuits – something which will be useful to you in setting up and maintaining 
electrical systems. Now that you know how to analyse a circuit, the next unit 
focuses on calculating a.c. power.
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3.1 LEARNING OUTCOMES
After completing this study unit, you should be able to solve problems related to 
different forms of a.c. power and power factor correction, as applied to single-
phase a.c. circuits. More specifically, you should be able to do the following:

 • Calculate the power flow in a purely resistive, inductive and capacitive 
load as well as a series resistive-capacitive and a series resistive-inductive 
a.c. circuit

 • Identify the advantages of power factor correction
 • Calculate active, reactive and apparent powers in single-phase a.c. circuits 

by using the correct formulae and appropriate units
 • Use the power triangle to determine the necessary static capacitor to achieve 

a required power factor 
 • Determine the active and reactive powers from the complex power equation
 • Determine the amount of reactive power required in a given a.c. circuit to 

improve the power factor 
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3.2 INTRODUCTION
Reading: to complete this unit, study the chapter “Power in a.c. circuits” in your 
prescribed textbook or corresponding sections in one of the recommended 
textbooks.

In this study unit, power in different loads is briefl y discussed and the concepts 
of power factor and power factor correction are introduced.

3.3 POWER 
Refer to section 1, chapter 13 in your prescribed book or to corresponding 
sections in any of the recommended textbooks.

3.3.1 Power triangles
The equations associated with average, apparent and reactive power can be 
developed geometrically on a right-angled triangle known as the power triangle.

There are two types of power triangle:

(1) The inductive load 

FIGURE 3.1 

 (2) The capacitive load 

FIGURE 3.2 
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The following equations can be derived from the power triangles above

 • Average power 

 • Reactive power 

 • Apparent power 

 • Power factor 

3.4 POWER FACTOR
Refer to the section 1, chapter 13 (13.6) in your prescribed book or to 
corresponding sections in any of the recommended textbooks.

Generators are rated to deliver a certain rated current at the rated voltage. 
That is, the product of these quantities gives the rating of the machine, or 
(VA)rating = Vrated x Irated

The phase difference between the voltage and current depends on the nature 
of the load, not on the generator. If the power factor of the load is unity, the 
(VA)rating is equal to the real power (W) delivered. Refer to your Electrical 
Engineering I textbook or https://en.wikipedia.org/wiki/Power_factor to revise 
power factor.

If the power factor is, say, 0.5, the power is only ½ (VA)rating, though the 
alternator is still supplying its rated VA.

Similarly, the conductors connecting the machine to the load have to be capable 
of carrying rated current, Irated without excessive temperature rise. Consequently, 
they can transmit real power equal to (VA)rating if power factor is unity, but only 
half that power at 0.5 power factor, for the same rise in temperature.

Hence, for a given power, the lower the power factor, the larger the size of the 
generator must be to generate that power and the greater the cross-sectional 
area of the conductor must be to transmit it; in other words the greater the 
cost of generating and transmitting the electrical energy.

Supply authorities use tariffs (in charging for electricity) that encourage 
consumers to improve the power factor of their installations. The so-called 
maximum demand charge (MD) is based on the apparent power drawn by 
a consumer. A poor power factor would result in a higher MD charge. The 
second tariff is based on the actual energy consumed in watts (W) or kilowatts 
per hour (kWh).

Considering the active power P = VI cos ϕ where ϕ is the phase angle between 
the voltage and the current, the power factor is the term cos ϕ. The value of 
the power factor must lie between 0 and 1. The expression to fi nd the power 
factor pf is given by
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The power factor can be lagging or leading, depending on whether the current 
lags or leads the voltage.

Note that sin ϕ is called the reactive factor and it varies between –1 (for purely 
capacitive circuit) and +1 (for purely inductive circuit).

Example 3.1 

Determine the power factor of an AC circuit having a supply of ν = 16 sin 18t 
and a current of ν = 4 sin 18t – 2.017π

[Answer: pf = cos ϕ = cos 1.89π = 0.9986]

11Ac tiv it y  3.1 

Find the power factor if the apparent power is 95 VA and the active power 
is 70 W. 

[Answer: pf = 0.7368] 

3.5 POWER FACTOR CORRECTION
The power factor of an electric load can be corrected by introducing additional 
equipment which absorbs the reactive component (var) in the opposite sense 
to that of the load. Read section 13.9 in your prescribed textbook for further 
details.

3.5.1 Parallel loads (see section 13.10 in your textbook)
Supposing that we have an inductive load as shown in figure 3.3 (lagging power 
factor), then an additional capacitor (with a leading power factor) should be 
added in parallel to this load to keep the reactive power equal (var of load 
equal to var of additional equipment) and the power factor at unity.

FIGURE 3.3
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The resulting power triangle will then be represented as follows:

FIGURE 3.4

If several loads are connected in parallel, with different power factors, then the 
equation to determine the total active power and reactive power is as follows:

Wtotal = W1 + W2 + ...

Also, the total reactive power is the sum of the individual reactive powers

vartotal = var1 + var2 + ...

The power factor can be corrected by installing phase-advancing equipment at 
the power station or across the transmission lines close to the main load. It can 
also be improved by using synchronous motors or by connecting capacitors 
across the terminals of each individual motor. A capacitor of an appropriate 
size in parallel with a lagging load can cancel out the inductive element – this 
is known as a power factor correction.

3.5.2 Summary of important formulae

TABLE 3.1 
Important formulae used in this unit

Name Formula

Power in a purely resistive a.c. 
circuit

Power in a purely inductive a.c. 
circuit

Power in a purely capacitive a.c. 
circuit

Power in a reactive and resistive 
a.c. circuit

Average power
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Name Formula

Reactive power

Apparent power

Power factor

Example 3.2

A resistance of 10 Ω is connected in series with an inductive reactance of 5 Ω 
across a 100 V, 50 Hz power supply. Determine the

(a) impedance of the load circuit
(b) current drawn from the supply
(c) power factor
(d) real power drawn from the supply
(e) reactive power drawn from the supply
(f) apparent power
(g) complex power

Solution

(a)

The magnitude of the impedance is

The phase angle of the impedance is

Therefore we can express impedance as

(b)

(c)  

(d)  The active power is expressed as 

      

(e)  The reactive power is 
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(f)  The apparent power is 

(g) The complex power is 

     

The power triangle is shown below

12Ac tiv it y  3. 2

(1) Explain the advantage of power factor correction.
(2) An impedance of 2 + j6 Ω is connected in series with two imped-

ances of 10 + j4 Ω and 12 – j8 Ω, which are in parallel. Calculate the 
magnitude and power factor of the main current when the combined 
circuit is supplied at 200 V. 

[Answer: 18.75A, 0.839 lagging]

(3) A p.d. of 200∠30° V is applied to two branches connected in paral-
lel. The currents in the respective branches are 20∠60° and 40∠30°. 
Find the apparent power (in kVA) and the active power in (kW) in each 
branch and in the main network. Express the current in the main net-
work in the form of (A + jB).

[Answer: 4k VA, 3.46 kW; 8 kVA, 8kW; 11.64 kVA, 11.46 kW; 
(44.64+j37.32) A]

(4) Do problems 1, 2, 3, 4, 5 and 7 in chapter 13 in your prescribed textbook.

3.6 VOLTAGE AND CURRENT DIVIDERS
You can revise this section in your Electrical Engineering I study material, or 
refer to the prescribed textbook or any of the recommended books for further 
explanation. Alternatively, access the following link: https://en.wikipedia.org/
wiki/Current_divider. This topic will help you in study units 4 and 5.

3.7 CONCLUSION
In this unit we briefl y discussed the concepts of power, power factor and 
power factor correction. It was clear that complex notations are very useful 
when dealing with power factor correction calculations, and that power can 
be expressed in a complex form. You will use this knowledge in practice when 
dealing with the cost of power factor correction equipment which has to be 
balanced against the resulting savings in electricity charges.
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4.1 LEARNING OUTCOMES
Upon completing this study unit you should be able to define resonance, 
describe terms related to resonance, and do the following:

 • Derive resonant frequency and determine the current, voltage and impedance 
under series or parallel resonance conditions

 • Calculate the resonance frequency in the series and parallel resonance 
circuits

 • Determine the variant of currents with frequency graphs
 • Determine the oscillation of energy at resonance 
 • Determine the dynamic impedance 
 • Calculate the Q-factor and bandwidth

4.2 INTRODUCTION
Reading: to complete this unit, study chapter 14 in your prescribed textbook 
or corresponding sections in one of the recommended textbooks.

An understanding of communications systems as well as machine control 
systems requires knowledge of how circuits are affected by a variation in 
frequency. When an a.c. circuit possesses inductance and capacitance in such 
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a way that the inductive reactance is equal in magnitude to the capacitive 
reactance, the circuit is said to be at resonance. This unit focuses on the 
effect which variations in frequency has on resonance circuits. Moreover, we 
investigate how to do calculations related to resonance. 

4.3 FREQUENCY VARIATION IN A SERIES RLC CIRCUIT 

FIGURE 4.1

Note that inductive reactance increases linearly with frequency, while capacitive 
reactance decreases with frequency. (Refer to section 1, 14.2 in your prescribed 
textbook or see http://www.electronics-tutorials.ws/accircuits/series-resonance) 

4.4 THE RESONANCE FREQUENCY IN A SERIES RLC CIRCUIT
In an a.c. series circuit containing resistance R, inductance L and capacitance 
C, the applied voltage V is the phasor sum of. At resonance frequency 
ƒr; |Xt| = |Xc|

In simplifying these two equations, we obtain

At this frequency the angular frequency  and 

Refer to example 14.2 in your prescribed textbook and study it carefully.

13Ac tiv it y  4.1

Do problems 4, 6 and 7 in exercise 14 of your prescribed textbook.
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4.5 VOLTAGE AND CURRENT IN A SERIES RLC CIRCUIT
Refer to section 14.5 on p 306 of your prescribed textbook.

To simplify this section, let’s use the term “CIVIL”, which in this particular 
example stands for the following: C is for Capacitive, I is for current, V is for 
voltage, I is for current and L is for inductive.

Note that

 • in a capacitive circuit the current leads the voltage
 • in an inductive circuit the voltage leads the current
 • in a resistive circuit the current and voltage are in phase

14Ac tiv it y  4. 2

(1) A 20 Ω resistor is connected in series with an inductor, a capacitor 
and an ammeter across a 25 V variable frequency supply. When the 
frequency is 400 Hz, the current is at its maximum value of 0.5 A and 
the potential diff erence across the capacitor is 150 V. Calculate the
(b) capacitance of the capacitor 

[Answer: 1.325 μF]

(c) resistance and inductance of the inductor 
[Answer: 0.119 H]

15Ac tiv it y  4. 3

(1) An inductor having a resistance of 25 Ω and  of 10 at a resonant fre-
quency of 10 kHz is fed from a  suppy. Calculate 
(a) the value of the series capacitance required to produce resonance 

with the coil 
[Answer: 63.67 μF] 

 (b) the inductance of the coil 
[Answer: 3.98mH]

4.6 QUALITY FACTOR
In engineering, the quality factor or Q factor is a dimensionless parameter that 
describes how under-damped an oscillator or resonator is (https://en.wikipedia.
org/wiki/Q_factor). For further explanation, refer to section 14.6 in your 
prescribed textbook or access the link above.

 is termed the  or voltage magnifi cation 
because .
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Since 

Therefore 

16Ac tiv it y  4.4

(1) A constant voltage at a frequency of 1 MHz is applied to an inductor 
in series with a variable capacitor. When the capacitor is set at 500 
pF, the current has its maximum value, while it is reduced to one-half 
when the capacitance is 600 pF. Calculate the 
(a) resistance 

[Answer: R = 30.67 ohms]

 (b) Q-factor of the inductor 
[Answer: 10.38]

4.7 BANDWIDTH AND SELECTIVITY

FIGURE 4.2 

In fi gure 4.2, bandwidth is the frequency range between ω1 and ω2 that is 
ω2 – ω1. 

Refer to section 14.10 in your prescribed textbook for further explanation, or 
access https://en.wikipedia.org/wiki/Bandwidth_(signal_processing).

A circuit is said to be selective when the response has a sharp peak and narrow 
bandwidth and is achieved with a high .  is therefore a measure of 
selectivity. Refer to section 10.11 in your prescribed textbook.

17Ac tiv it y  4. 5

(1) In your own words, describe what you understand by (a) selectivity 
(b) pass band fi lter and (c) the Q factor.
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4.8 PARALLEL RESONANCE
Parallel resonance is also known as a rejector circuit because it presents its 
maximum impedance at the resonant frequency while the resultant current is a 
minimum.

FIGURE 4.3

Is and Vs are supply current and voltage, Ic and ILr are currents following through 
the capacitor- and inductor-resistance. In this particular instance, resonance 
occurs in the two-branch network containing capacitance C in parallel with 
inductance L and resistance R in series when the quadrature component of 
current ILr is equal to IC. Under these conditions the supply current is in phase 
with the supply voltage V. Therefore the parallel resonant frequency is given by

Refer to pp 317–321 of the prescribed textbook for derivations and further 
explanations.

18Ac tiv it y  4.6

(1) Do problems 8 and 10, listed under exercise 14 in your prescribed 
textbook.

4.9 MECHANICAL ANALOGY OF A RESONANT CIRCUIT
To describe a mechanical analogy of a resonant circuit the following need to 
be considered:

(1) The effects of resonance may be compared to the effects produced by 
a pendulum where considerable vibrations can be set up by the succes-
sive application of very small blows, provided that these blows are timed 
correctly.

(2) The frequency of the mechanical force (blows) applied, corresponds to 
the frequency of the applied voltage.
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4.10 DYNAMIC RESISTANCE
At resonance, the current is in phase with the voltage and the impedance of the 
circuit acts as a resistance. Known as dynamic resistance or RD (or sometimes 
as dynamic impedance), this can be determined as follows:

Example 4.1

A pure inductance of 100 mH is connected in parallel with a 40 µF capacitor 
across a variable frequency supply. Determine (a) the resonant frequency of 
the circuit and (b) the current circulating in the capacitor and inductance at 
resonance.

Solution

Parallel resonant frequency is given by the equation 

Since R = 0 then we can use 

 = 79.577 Hz

The circulating current through L and C

19Ac tiv it y  4.7

(1) Do problems 7 and 9 in your prescribed textbook. 
(2) Evaluate your own performance in terms of solving the above prob-

lems. Did you fi nd them easy or diffi  cult? If you gave an incorrect 
answer and could not trace your error, remember that you can contact 
your e-tutor or lecturer for assistance.

(3) Based on what you have learnt in this study unit, make a summary of 
the diff erences between series and parallel resonance circuits. Refer 
to the prescribed textbook or any of the recommended books for 
assistance.
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Include the following comparisons when answering question 3.

TABLE 4.1
Series and parallel resonance circuits  

Series resonance circuit Parallel resonance circuit

1. Current is at maximum at 
resonance

Current is at minimum at 
resonance.

2. Impedance is at minimum 
at resonance

Impedance is at maximum

3. Source current and voltage 
are in phase

Source current and voltage are 
in phase

4. Below resonance the cir-
cuit acts capacitively

Below resonance the circuit acts 
inductively

5. Above resonance the cir-
cuit acts inductively

Above resonance the circuit 
acts capacitively

4.11 CONCLUSION
You have now learned the importance of resonant circuits. Resonance frequency 
can be used for tuning circuits, and a resonant circuit can be used as a stable 
frequency source or filter. Many communications systems involve circuits in 
which either the supply voltage (in such applications it is usually called a signal) 
operates with a varying frequency, or a number of signals operate together, 
each with its own frequency. In the next unit you will study complex waves. 
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5.1 LEARNING OUTCOMES
Upon completion of this study unit you should be able to apply a.c. network 
theorems to calculate the magnitude of the currents and voltages in single-phase 
a.c. circuits. More specifically, you should be able to do the following:

 • Analyse a.c. circuits with impedances connected neither in series nor in 
parallel, and with one or more a.c. supply sources, and solve problems 
relating to these circuits using the following network theorems: Mesh 
analysis, Kirchhoff’s laws, Star-delta conversion, Nodal analysis as well as 
Superposition, Thévenin’s and Norton’s theorems 

 • Perform Star-delta and Delta-star transformations
 • Determine the maximum power to be transferred from the source to the load
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5.2 INTRODUCTION
Reading: to complete this unit, study chapter 15 in your prescribed textbook 
or corresponding sections in one of the recommended textbooks. You can 
also revise chapter 4 in your prescribed textbook if you need to refresh your 
memory about the basics.

This unit discusses the different network theorems for a.c. circuits. It is 
important to be able to identify any problems that might arise in an a.c. network 
and to be able to fi nd solutions using network theorems. The analysis and 
concepts of different theorems are presented, as are the Delta-star and Star-
delta transformations. Finally, the concept of maximum power transfer for 
a.c. networks is introduced as the fi nal point in this unit. 

You will notice that a.c. network theorems resemble those of the d.c. network, 
except that in the case of the former, the resistances are replaced by impedances 
and instead of taking the algebraic sum of voltages and currents we use the 
phasor sum.

5.3 KIRCHHOFF’S LAWS
Kirchhoff’s laws are fundamental principles for electrical circuit analysis. They 
can be a starting point for analysing a circuit.

5.3.1 Kirchhoff ’s current law (KCL)
In an electrical network, the phasor sum of the currents fl owing towards a 
junction (node) is equal to the phasor sum of the currents fl owing away from 
that junction. This means that the phasor sum of currents meeting at a node 
is equal to zero. At a node:

5.3.2 Kirchhoff ’s voltage law (KVL)
In a closed loop (mesh), the phasor sum of the voltage drop across each 
conductor plus the supply phasor sum is equal to zero. In a loop:

 5.1

Example 5.1 

Use Kirchhoff’s laws to fi nd the current fl owing in each branch of the network 
shown below.
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Solution

First identify the loops: 

Loop 1: ABEFA, by applying KVL, we obtain:

−10(x + y) − 20 x + 100 = 0 or 3x + y = 10 (5.2)

Loop 2: BCDEB, by starting with B, we obtain:

−50 ∠90º + 5y + 10 (x + y) = 0 or 2x + 3y = j10 (5.3)

If we multiply equation (5.2) by 3 and subtract it from equation (5.3), we obtain 
the following:

7x = 30 −j10 or x = 4.3 −j1.4 = 4.52 ∠−18º 

By substituting x in equation (5.2), we obtain:

y = 10 − 3x = 5.95 ∠119.15º = −2.9 + j5.2

Therefore:

x + y = 4.3 −j1.4 − 2.9 + j5.2 = 1.4 + j3.8

2 0Ac tiv it y  5.1 

Using Kirchhoff ’s laws, calculate the current fl owing through each branch 
of the circuit shown in the fi gure below.

[Answer: I = 0.84 ∠47.15º A; I1 = 0.7 ∠− 88.87º A; I2 = 1.44 ∠67.12º A]
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5.4 MESH ANALYSIS
Mesh analysis uses KVL to fi nd the voltage in a mesh. Special attention must 
be paid to the polarity (positive and negative signs) while building the equation 
to solve for either the current or the voltage. Note that the sign of the supply 
is independent of the direction of the current through that branch, while the 
sign of voltage drop across impedance depends on the direction of current 
through that impedance, but is independent of the polarity of any other source 
of voltage in the circuit under consideration. 

To solve for the current or the voltage using Mesh analysis, choose the 
conventional current direction (i.e. from left to right or from right to left, 
depending on personal preference). Then any current in the circuit which 
fl ows in an opposite direction (to that which you chose) is considered to be 
negative; but if the current through a component in the network fl ows in the 
same direction as the conventional direction taken by the person doing the 
analysis, that current is considered to be positive. Signs are very important in 
mesh analysis: if your signs are wrong, the results will also be wrong. Consider 
the practical example in 3.2 below.

Example 5.2 

For the circuit shown in the fi gure below, determine the current I through the 
impedance Z3 using Mesh analysis.

Solution

The independent Mesh currents are I1 and I2.

By putting everything in matrix form, we obtain:
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Then,

Finally, to fi nd the currents, we do:

21Ac tiv it y  5. 2 

Find the currents fl owing in each of the branches of the following network

[Answer: I_1=5.76∠13.2 and I_2=9.6∠129.8]

5.5 NODAL ANALYSIS
In contrast to Mesh analysis, nodal analysis does not use KVL. Rather, it uses 
KCL to solve for the current fl owing to or from a node. In this case, more than 
one current source may be available, but only one node is taken as the reference 
node (also known as the datum or zero-potential node). Note: every junction 
in the network where three or more branches meet, is regarded as a node. 

The fi rst thing to do when dealing with nodal analysis is to identify all the 
nodes in the network. Next, choose the reference node, before establishing 
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different nodal equations. Finally, solve for different currents, as it can help to 
fi nd the unknown. An example is given below. 

Example 5.3 

Find the current I in the j10 Ω branch of the given circuit below, using Nodal 
analysis.

Solution

Node 2 is chosen as the reference node, so:

2 2Ac tiv it y  5. 3 

For the circuit shown below, determine the values of the nodes’ phasor 
voltages V1 and V2

[Answer: V1=18.79∠ – 47.63° V and V2=21.55∠ – 42.30° V]
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5.6 SUPERPOSITION THEOREM
As regards an a.c. network, the superposition theorem states the following: 
in any network made up of linear impedances and containing more than one 
source of voltage, the current fl owing in any branch is the phasor sum of 
the currents that would fl ow in that branch if each source were considered 
separately, all other voltage sources being replaced, for the time being, by their 
respective internal impedances (if any). 

In this case, note that independent sources can be removed to leave behind their 
internal impedances (if any), but dependent sources should not be removed. 
Let’s use an example to explain the theorem.

Example 5.4 

Determine the currents in the network below using the superposition theorem

Solution

The fi rst step is to split the network into two sub-networks, each of which has 
one supply.

The total impedance of fi gure A is



  

. . . . . . . . . . .
52

Then

Therefore,

Considering fi gure B, the total impedance of the circuit is

Then,

Therefore,

The total currents are 

And fi nally

2 3Ac tiv it y  5.4 

Use superposition theorem to fi nd the voltage V in the network below.

[Answer: V=16.7∠143.3° V]
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5.7 STAR-DELTA AND DELTA-STAR CONVERSION
In some networks, the series-parallel combination does not lead to network 
simplifi cation. These networks are handled by means of the Star-delta and 
Delta-star conversions. The fi gures below represent these networks.

To change from star to delta, the following applies:

 (5.4)

 (5.5)

 (5.6)

From this we note that the equivalent star impedance connected to a node 
is equal to the product of the two delta impedances connected to the same 
node that are divided by the sum of the delta impedances.

The opposite process, being to change from delta to star, is as follows:

 (5.7)

 (5.8)

 (5.9)

From the equations, it can be concluded that the equivalent delta impedance 
between two nodes is the sum of the two star impedances connected to those 
nodes plus the product of the same two star impedances divided by the third 
star impedance.



  

. . . . . . . . . . .
54

Example 5.5 

Determine the star equivalent network of the fi gure below.

Solution

24Ac tiv it y  5. 5 

Determine the delta equivalent network of the following circuit

Solution
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5.8 THEVENIN’S THEOREM
As regards an a.c. network, Thévenin’s theorem can be outlined as follows: 
the current through a load impedance ZL connected across any two terminals 
A and B of a linear network is given by

 (5.10)

Where Vth is the open-circuit voltage across A and B and Zth is the internal 
impedance of the network as viewed from the open-circuited terminals A and B 
with all voltage sources replaced by their internal impedances (if any) and current 
sources by infi nite impedance.

Example 5.6 

In the network shown in below, Z1 = (8 + j8) Ω; Z2 = (8 − j8) Ω; Z3 = (2 + j20); 
V = 10 ∠ 0º and ZL = j 10 Ω. Find the current through the load  using Thévenin’s 
theorem.

Solution

We fi rst remove the load ZL and the circuit becomes:

The voltage Zth is equal to the voltage drop across Z2 because there is no 
voltage going through Z3.

So the current fl owing through  can be obtained as:



  

. . . . . . . . . . .
56
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For the circuit below, determine the current fl owing in the capacitor con-
nected across AB using Thévenin’s theorem.

[Answer: I=0.902∠88.01° A]

5.9 NORTON’S THEOREM
Taking an a.c. network into consideration, Norton’s theorem can be stated as 
follows: any two terminal active linear networks containing voltage sources 
and impedances, when viewed from their output terminals, are equivalent to a 
constant current source and parallel impedance. The constant current is equal 
to the current which would fl ow in a short-circuit placed across the terminals, 
and the parallel impedance is the impedance of the network when viewed 
from open-circuited terminals after voltage sources have been replaced by 
their internal impedances (if any) and current sources by infi nite impedance.

To clarify this theorem, study the example below.

Example 5.7 

Use Norton’s theorem to fi nd the current in the load connected across terminal 
A and B of the circuits below.
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Solution

The fi rst step is to short-circuit terminal A and B, and the second step is to 
calculate IN.

26Ac tiv it y  5.7 

Determine the current through the load impedance for the network shown 
below, using Norton’s theorem.

[Answer: I=13∠47.29° A]

5.10  MAXIMUM POWER TRANSFER THEOREM
The maximum power transfer theorem is particularly useful for 
analysing communication networks where the goal is the transfer of maximum 
power between two circuits, and not highest effi ciency. 

Different cases have to be considered to fi nd the maximum power transfer 
theorems when the source has fi xed complex impedance and delivers power 
to a load consisting of a variable resistance or variable complex impedance.
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 • Case 1: when the load consists of a variable resistance RL, the network 
below represent the scenario:

The current across the network is given by

  (5.11)

Therefore the power delivered to the load is 

 

Replacing the current by its value in equation 5.5, the power becomes

  (5.12)

To fi nd the value of the load resistance RL for maximum power transfer, 
the derivative of the power with respect to the load resistance must be set 
to zero. Meaning:

This will give

As the denominator will never be equal to zero, and is also not zero, this 
equation is true only if

Therefore,

  (5.12)

This means that with a variable pure resistive load, maximum power 
is delivered across the terminals of an active network only when the 
load resistance is equal to the absolute value of the impedance of the 
active network. This is known as a magnitude match.
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If Xs is equal to zero, then for maximum power transfer, RL = RS.

 • Case 2: the load impedance has both the resistance and the reactance 
variable. The scenario is shown in the fi gure below:

In this case, the current fl owing in the circuit is 

  (5.14)

The power delivered to the load is calculated by 

  (5.15)

Now we have different scenarios. If is held fi xed, then PL will be maximum 
when XS = –XL, meaning 

  (5.16)

The second scenario is if RL is variable, then PL will be maximum when 
RS = RL which is similar to case 1. Thus, if, RS = RL, XS = –XL then ZS = ZL 
this is known as a conjugate match.

This means that in the case of load impedance having variable resistance 
and variable reactance, maximum power transfer across the terminals 
of the active network occurs when ZL equals the complex conjugate of 
the network impedance ZS.

 • Case 3: the load impedance has a fi xed reactance with a variable resistance. 
This scenario is shown the following fi gure:
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The current through the network is considered to be the same as in case 
2, meaning 

and the power delivered to load is also the same as in case 2, which is 

Considering that XL is fi xed, let’s fi nd the value of RL by setting the fi rst-order 
derivative of PL with respect to RL be equal to zero:

Knowing that VS
2 and [(RS + RL)

2 + (XS + XL)
2]2 will never be equal to zero, 

then the equation is simplifi ed as:

Therefore 

  (5.17)

Example 5.8 

For the circuit below, determine the impedance of the load that will dissipate 
maximum power and then calculate the maximum power.
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Solution

Let’s fi nd Thévenin’s equivalent circuit:

The equivalent Thévenin’s impedance is given by

The conjugate of Thévenin’s impedance is given by

For maximum power, 

The total impedance of the network will then be

The current through the load is

The power at the load is given by
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In the network shown below, fi nd the value of the load to be connected 
across terminals AB, which would result in maximum power transfer.

[Answer: ZL = 3.7 – j1.6]

5.11 SUMMARY OF IMPORTANT FORMULAE

TABLE 5.1 
Important formulae used in this unit

Name Formula

Kirchhoff’s current law

Kirchhoff’s voltage law

Delta-star conversion
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Name Formula

Star-delta conversion

Thévenin’s current

Load power

Load resistance

2 8Ac tiv it y  5.9

(1) Do the following exercises in your prescribed textbook: exercise 15, 
problems 1, 3, 7, 15 and 21.

(2) To revise some of the information discussed in this unit, consult the 
following video clips:
https://www.youtube.com/watch?v=DYg8B-ElK0s 
https://www.youtube.com/watch?v=fHcnMyFJjD4 
https://www.youtube.com/watch?v=Szd7QqjP2-k 
https://www.youtube.com/watch?v=pcp0IggRqC0

You could also do your own search to find other relevant video clips 
that will help you with the concepts in this unit.

5.12 CONCLUSION
Different methods can be used to solve for current and voltage in a given network 
by focusing either on the analysis of loops or nodes. You also learned that 
certain types of networks cannot be solved using these methods, and must 
therefore be dealt with by means of Delta-star and Star-delta conversions. 
The network theorems for a.c. circuits are the same theorems that apply to 
d.c. circuits, but the major difference is that instead of having resistance (as in 
the d.c. network), impedances replace all the resistances.
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6.1 LEARNING OUTCOMES
Once you have completed this study unit, you should be able to solve problems 
relating to complex waveforms. More specifically, you should be able to:

 • Solve problems related to the calculation of the maximum, average, r.m.s. 
values and the phase angles of the fundamental and harmonic components

 • Solve problems relating to the average and power factor of the load supplied 
from non-sinusoidal voltage

 • Express the fundamental and harmonic components of a distorted waveform 
in terms of the Fourier series

 • Determine the maximum, average and r.m.s. values of the fundamental or 
basic wave, as well as those of the harmonic components involved in the 
non-sinusoidal current or voltage

 • Evaluate the average power and power factor of a load supplied from a 
non-sinusoidal voltage

 • Use the Fourier series to represent the fundamental wave and 
harmonic components
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6.2 INTRODUCTION
Reading: to complete this unit, study chapters 9 and 14 in your prescribed 
textbook or corresponding sections on harmonics in one of the recommended 
textbooks. 

In the previous study units, you learned about alternating voltages and currents 
in electrical circuits while assuming that they are pure and sinusoidal in shape, 
with only one frequency value known as the “fundamental frequency” being 
present, but this is not always the case. You also learned that the behaviour of 
a linear device, when a voltage is applied to it, is a pure sine wave; that is, the 
current flowing through the resistance is proportional to the voltage across it 
– but this is also not necessarily the case. This study unit deals with alternating 
waveforms associated with the non-linear device which will be different (to 
a greater or lesser extent) from those of an ideal sinusoidal waveform. These 
are commonly referred to or known as non-sinusoidal or complex waveforms.

6.3 SOURCES OF HARMONICS
Complex waveforms are generated by common electrical devices such as 
iron-cored inductors, switching transformers, electronic ballasts in fluorescent 
lights and other such heavily inductive loads as well as the output voltage and 
current waveforms of a.c. alternators, generators and other electrical machines. 
The result is that the current waveform may not be sinusoidal even though the 
voltage waveform is.

Complex waveforms are also generated by most electronic power supply 
switching circuits such as rectifiers, silicon controlled rectifiers (SCRs), power 
transistors, power converters and other such solid state switches which cut 
and chop the power supply’s sinusoidal waveform to control motor power, or 
to convert the sinusoidal a.c. supply to d.c. These switching circuits tend to 
draw current only at the peak values of the a.c. supply, and since the switching 
current waveform is non-sinusoidal the resulting load current is said to contain 
harmonics. 

In summary, sources of harmonics are the output waveform of an a.c. generator, 
rectifier, transistor, ferromagnetic-cored coil, forced magnetisation, thyristor and 
microelectronic system. Non-sinusoidal complex waveforms are constructed 
by “adding” together a series of sine wave frequencies. Harmonics is the 
generalised term used to describe the distortion of a sinusoidal waveform by 
waveforms of different frequencies.

Whatever its shape, a complex waveform can be split up mathematically into 
its individual components, namely the fundamental frequency and a number 
of “harmonic frequencies”. 
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6.4 EQUATION OF A COMPLEX WAVE

FIGURE 6.1

The above fi gure illustrates a complex periodic wave form.

A function ƒ(t) is said to be periodic if ƒ(t + T) = ƒ(t) for all values of t where 
T is the interval between two successive repetitions and is known as a period 
of the function ƒ(t). The sine wave component has a frequency ƒ equal to the 
frequency of the complex wave and this is known as a fundamental frequency. 
The other sine wave components are known as harmonics, since they have 
frequencies which are integer multiples of frequency ƒ. Hence, we have the 
second harmonic frequency 2ƒ up to the fi fth harmonic 5ƒ. This means if the 
fundamental frequency of the supply is 50 Hz the second harmonic is 100 Hz.

The equation for a complex waveform can be represented by

Where ν is the instantaneous value of a complex voltage wave, Vm sin (wt θ1) 
represents the fundamental component where θ1 is the phase angle relative 

to time and Vm is the maximum value of voltage and is equal to . Refer 
to the chapter on complex waves in your prescribed textbook or any of the 
recommended textbooks for further explanations and examples.

2 9Ac tiv it y  6 .1

(1) By following the same notion of the instantaneous value of a complex 
voltage wave, write the general equation of the instantaneous value 
of the complex current.
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6.5 HARMONIC SYNTHESIS
The process of categorising a periodic complex wave into a series of 
sinusoidal components is known as harmonic analysis. Putting the parts 
together in the form of a graphic representation or a procedure so as to make 
up a complex whole is known as harmonic synthesis. 

The magnitude of the harmonic components may be calculated using Fourier 
series (mathematics). Study the following links for more information on Fourier 
maths:

 • http://liraeletronica.weebly.com/uploads/4/9/3/5/4935509/introduction_
fourier_series.pdf

 • https://www.youtube.com/watch?v=Cb3HpOf2V1g
 • www.math.uiuc.edu/~laugesen/545/545Lectures.pdf.

Note: this section is not for examination purposes.

Example 6.1

For the complex voltage expression given by νa = 100sin ωt + 40sin3ωt volts 
the waveform is made up of a fundamental wave of maximum value 100 V 

and frequency, ƒ =  Hz and a third harmonic component of maximum value  

40 V and frequency ƒ =  = 3ƒ the fundamental and third harmonics 

being initially in phase with each other. Since the maximum value of the third 
harmonic is 40 V and that of the fundamental is 100 V, the resultant waveform  
νa is said to contain 40/100, i.e. 40% third harmonic. 

Whenever odd harmonics are added to a fundamental waveform, whether or 
not they are initially in phase with each other, the positive and negative half 
cycles of the resultant complex wave are identical in shape. 

3 0Ac tiv it y  6 . 2

A complex waveform ν comprises a fundamental voltage of 240 V rms and 
frequency 50 Hz, together with a 20% third harmonic which has a phase 
angle lagging by 3π/4 rad at time = 0.

(a) Write down an expression to represent voltage ν.

[Answer: ν = 339.4 sin 100πt + 67.9 sin  volts]

(b) Use harmonic synthesis to sketch the complex waveform repre-
senting voltage  over one cycle of the fundamental component. 

[Answer: see fi gure below] 
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6.6 RESONANCE DUE TO HARMONICS
If the voltage waveform is not a pure sine wave, however, it is quite possible 
for the resonant frequency to be near the frequency of one of the harmonics. 
In this case, the magnitude of the particular harmonic in the current waveform 
is greatly increased and may even exceed that of the fundamental. The effect 
of this is a great distortion of the resultant current waveform so that dangerous 
volt drops may occur across the inductance and capacitance in the circuit. 
When a circuit resonates at one of the harmonic frequencies of the supply 
voltage, the effect is called harmonic resonance.

For resonance with the fundamental, the condition is  for resonance 

at, say, the third harmonic; the condition is  and for resonance 

at the nth harmonic, it is .

Example 6.2

A voltage waveform having a fundamental of maximum value 400 V and a 
third harmonic of maximum value 10 V is applied to the series circuit having 
2 Ω, 0.5 H and 0.2 µF.

Determine the fundamental frequency for resonance with the third harmonic.

Solution

Since 

Then 
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Find the maximum value of the fundamental and third harmonic compo-
nents of current in the example above.

[Answer: I1m = 0.095A and I3m = 5A]

6.7 HARMONICS IN SINGLE-PHASE AC CIRCUITS
When we study harmonics in single-phase circuits we fi rst look at the maximum 
values of the current and voltage as a product of different harmonics, such that

  where  are the respective values of the 
harmonic currents

  where  are the respective values of the 
harmonic currents

6.7.1 Power in a complex wave
The average power supplied over a cycle is represented by the sum of the 
average values of each individual product term taken over a cycle. This is given 
by P = V1I1 cos θ1 for the fi rst harmonic. The total power supplied by complex 
currents and voltages is represented by the sum of the powers supplied by 
each harmonic component on its own. Then the average power  supplied for 
one cycle of the fundamental is 

If the voltage waveform contains a d.c. component which in turn creates a d.c. 
current component, then the total power will be represented by

6.7.2 Power factor in a complex wave
The power factor in complex waveform is represented by 

pƒ = 

When a complex alternating voltage wave is applied to a single-phase circuit 
containing resistance, inductance and capacitance, the resulting current will 
also be complex and will contain harmonics. 

In a purely resistive circuit the general expression for the current is
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For a purely inductive circuit:

For a purely capacitive circuit:

32Ac tiv it y  6 .4

Find the expression of the current fl owing in the circuit as well as the r.m.s. 
value of the current. The fundamental frequency is 50 Hz. The e.m.f. is ap-
plied across a circuit comprising a 100  capacitor connected in series with 
a 50 Ω resistor. Obtain an expression for the current fl owing and hence 
determine the r.m.s. value of the current. 

[(Answer: i = 3.374 sin (ωt + 0.567) + 0.762 sin (2ωt – 1.263 + 0.099 sin 
(4ωt + 0.943) amperes) and the rms value of the current is 2.45A]

TAKE e = 50 + 200sinωt + 40sin  + 5sin  volts

6.8 NUMERICAL METHOD FOR HARMONIC ANALYSIS
Harmonic analysis is the process of resolving a periodic, non-sinusoidal quantity 
into a series of sinusoidal components in ascending order of frequency. Access 
the link below for further details.

 • http://documents.routledge-interactive.s3.amazonaws.com/9780415662840/
answers/UEM_Sol_to_Exerc_Chap_105.pdf

Access the following video clips for additional explanations about power 
system harmonics:

 • https://www.youtube.com/watch?v=um0Shx9DWSI
 • https://www.youtube.com/watch?v=lrto88PCphc

33Ac tiv it y  6 . 5

(1) A complex current waveform  comprises a fundamental current of 
50 A r.m.s. and frequency 100 Hz, together with a 24% third harmonic, 
both being in phase with each other at zero time. 
(a) Write down an expression to represent current, i. 
(b) Sketch the complex waveform of current using harmonic synthesis 

over one cycle of the fundamental.
[Answer: (a) i = 70.71 sin 628.3t + 16.97 sin 1885tA]

 (2) A complex voltage waveform v is comprised of a 212.1 V r.m.s. funda-
mental voltage at a frequency of 50 Hz, a 30% second harmonic com-
ponent lagging the fundamental voltage at zero time by π/2 rad and 
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a 10% fourth harmonic component leading the fundamental at zero 
time by π/3 rad.
(a) Write down an expression to represent voltage ν.
(a) Sketch the complex voltage waveform using harmonic synthesis 

over one cycle of the fundamental waveform.
 (3) Give a number of practical examples where you think a harmonics 

problem is a challenge and state how you can solve the problem. Sug-
gest possible solutions for minimising harmonics in a power system. 

6.9 CONCLUSION
You have seen how periodic and non-sinusoidal quantities are solved. In this 
unit you also evaluated the average power and power factor of a load supplied 
from a non-sinusoidal voltage and used the Fourier series to represent the 
fundamental wave and harmonic components.
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7.1 LEARNING OUTCOMES
Upon completion of this study unit, you should be able to solve problems 
relating to complex waveforms. More specifically, you should be able to:

 • Analyse and solve balanced three-phase circuits with load impedances 
connected both in star and delta configuration

 • Interpret and solve problems of wattmeter connections pertaining to the 
average power as drawn by three-phase load connected either in star or 
delta configuration

 • Show connections of more than one load to a source
 • Perform calculations relating to three-phase four-wire systems and explain 

the advantages of these systems
 • Explain the importance of phase sequences
 • Calculate power in three-phase balanced circuits and in four-wire systems
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7.2 INTRODUCTION
Reading: to complete this unit, study chapter 28 in your prescribed textbook 
or corresponding sections on three-phase systems in one of the recommended 
textbooks.

Compared to a single-phase supply system, a three-phase supply system is 
more efficient as it utilises three windings and can provide high power to the 
loads. In previous study units you learnt about single-phase alternating currents 
and voltage. The application of a single-phase alternative current to induction 
motors is not efficient, as the motor is not self-starting. In this study unit you will 
learn more about the advantages of this system, Star-delta configuration, the 
measurement of three-phase power and different types of circuit connections.

There are a few reasons why a three-phase system is preferred over a single-
phase system:

(1) For a balanced three-phase system conductors need be only about 75% 
the size of conductors for a single-phase two-wire system of the same 
KVA rating at the same voltage 

(2) Three-phase equipment and motors have preferred running and starting 
characteristics 

(3) Three phase motors are self-starting and do not require a special design 
or additional starting circuitry

(4) The greater the number of phases, the smoother the d.c. output of the 
system.

For more information on the fundamentals of three-phase power, refer to 
chapter 28 in your prescribed textbook or study the relevant chapter in any 
of the recommended textbooks.

For a basic introduction to three-phase power, watch the following video clip:

 • https://www.youtube.com/watch?v=MnH_ifcRJq4 

7.3 GENERATION OF THREE-PHASE E.M.FS
Refer to section 3 of prescribed textbook.

Supposing that a three-phase generator has three induction coils placed 120° 
apart on the stator, the three coils have an equal number of turns, and each 
coil rotates with the same angular velocity, the voltage induced across each 
coil will have the same peak value, shape and frequency. As the shaft of the 
generator is turned by some external means, the induced voltages eAN, eBN, 
and eCN will be generated simultaneously (refer to the figures in section 3 of the 
prescribed textbook). You will note the 120° phase shift between waveforms 
and the similarities in appearance of the three sinusoidal functions.

When three coils which are connected together are moved through a magnetic 
field, the most elementary form of a three-phase alternator is obtained. Note that 
for the symmetrical system the phasors are displaced by 120°.
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7.4 DELTA CONNECTION OF THREE-PHASE WINDINGS
Study section 3 in chapter 28 (28.3) of your prescribed textbook.

The fi gure below depicts the three-phase winding with six line conductors.

FIGURE 7.1

Since the e.m.fs are assumed to be positive when acting from “start” to “fi nish”, 
they can be represented by the arrows eR, eY and eB as shown in fi gure 7.1.

FIGURE 7.2

Figure 7.2 shows a three-phase delta-connected system. Note: there is no 
neutral connection; the direction of the line current fl ow is to the load. The 
magnitude of the voltage across two lines is equal to the magnitude of the voltage 
across one phase, such that VL = VP. The line current divides in accordance 
with the phasors and is thus equal to the phasor sum of the two individual 
phasors’ currents. For the balanced delta-system IP1 = IP2 = IP3; for line currents  

 and .



 S T UDY UN I T 7:  T hre e - p has e c i rcui t s

. . . . . . . . . . . . . . .
ELE 26 01/175

Example 7.1

A three-phase delta connected motor operates from a 500V system (line 
voltage) and develops 74.6 kW at an effi ciency of 80% and a power factor of 
0.8. Calculate the line and phase currents drawn by the motor and the cost 
to run the motor for 24 hours at full load, if the cost per unit of electricity is 
2,5 cents per unit. 

Solution

3 4Ac tiv it y  7.1

(1) Each phase of a delta-connected load comprises a resistance of 40 Ω 
and a 40 µF capacitor in series. Determine, when connected to a 415 V, 
50 Hz, three-phase supply, (a) the phase current, (b) the line current, 
(c) the total power dissipated and (d) the kVA rating of the load. 

[Answer: (a) 4.66 A (b) 8.07 A (c) 2.605 kW (d) 5.80 kVA]

(2) Three 24 µF capacitors are connected in star across a 400 V, 50 Hz, 
three-phase supply. What value of capacitance must be connected 
in delta in order to take the same line current? 

[Answer: 8 µF] 
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7.5 STAR CONNECTION OF THREE-PHASE WINDING
Study section 3 in chapter 28 (28.4) of your prescribed textbook.

FIGURE 7.3

In Figure 7.3, the common point of the three windings in the system is known 
as a star point and the neutral conductor is connected to it. The star connection 
is a three-phase, four-wire system. L1 L2 and L3 are the electrical line voltage 
supply. In a balanced system, (0A) current will fl ow through the neutral wire, 
consequently 

Vp1 Vp2  and Vp3 are voltages across phases 1,2 and 3 respectively. In this regard, 
you should remember the following equations (refer to your textbook):

The line voltages VL1 VL2 and VL3 are displaced at 120° and the phase voltages 
Vp1 Vp2 and Vp3 are displaced at 120°. VL = 2.Vp cos30°

For the power consumed in a star-connected system:

Note: for star connection we have 

 and 
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Example 7.2

The input power to a three-phase a.c. motor is measured as 5 kW. If the 
voltage and current to the motor are 400 V and 8.6 A respectively, determine 
the power factor of the system.

Solution

35Ac tiv it y  7. 2

A three-phase, 500 volt, star-connected generator supplies a three-phase, 
74.6 kW, delta-connected induction motor, effi  ciency being 90% and the 
power factor 0.85. Draw a schematic diagram and calculate the current 
in each motor phase and in each generator phase. In each case, calculate 
the active and reactive components of the current.

[Answer: for motor calculations: IL = 112.602A; PIN = 82.888Kw; 
Iph = 65,0108A; Iact = 55.2592 A; Ireactive = 34.2477A]

[Answer: for generator calculations IP = 112,602A; Iact = Iph × cosθ = 
95,7117A; Ireact = Iph × sinθ = 59.3187 A]

Schematic diagram:

7.6 POWER IN A THREE-PHASE SYSTEM WITH A BALANCED LOAD
Study section 3 in chapter 28 (28.7) of your prescribed textbook and also refer to 
the sections above.

For more information, access this link (note that it may take some time to download):  

 • http://www.ee.nthu.edu.tw/~sdyang/Courses/Circuits/Ch11_Std.pdf



  

. . . . . . . . . . .
78

7.7 MEASUREMENT OF ACTIVE POWER IN A THREE-PHASE, THREE-WIRE 
SYSTEM

Study section 3 in chapter 28 (28.8) of your prescribed textbook.

Two types of measurement can be performed on a three-phase three-wire 
system:

(a) Star-connected balanced load, with neutral point accessible (one watt-
meter connected)

(b) Balanced or unbalanced load, star or delta-connected (two wattmeters 
connected)

Take time to study the derivation of the formulae of the power for both 
methods. You will see that in both star and delta connections, the formulae 
for the total power are identical, such that for any balanced three-phase load, 
the active power is given by 
for the total power are identical, such that for any balanced three-phase load, 

 where  is the angle 
on the load impedance.

 (active power)

 (apparent power)

 (reactive power)

A connection diagram for this method is shown in fi gure 7.4, which illustrates 
the one wattmeter method for a balanced load in a star-connected circuit. 
Similar connections are made for a delta-connected load.

FIGURE 7.4

Wattmeter connections for a balanced load in a delta-connected circuit are shown 
in fi gure 7.5.

FIGURE 7.5
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Figure 7.6 shows the two wattmeter method for balanced or unbalanced loads. 

FIGURE 7.6

Note that the total power in these cases will be PT = W1 + W2

Access the following video clips for illustration: 

 • https://www.youtube.com/watch?v=Y7cVvGOpHzc
 • https://www.youtube.com/watch?v=4UA_HBlKCCg
 • https://www.youtube.com/watch?v=udBmGd9FBuI
 • https://www.youtube.com/watch?v=3SFEsyedBeM 
 • https://www.youtube.com/watch?v=m_xishFiAyI 

7.8 POWER FACTOR MEASUREMENT BY MEANS OF TWO WATTMETERS
Study section 3 in chapter 28 (28.9) of your prescribed textbook or the 
corresponding topic in your recommended textbooks.

7.8.1 Comparing star and delta connections
Loads connected in delta dissipate three times more power than when connected 
in star to the same supply.

For the same power, the phase currents must be the same for both delta and 
star connections, hence the line current in the delta-connected system is greater 
than the line current in the corresponding star-connected system. 

To achieve the same phase current in a star-connected system as in a delta-
connected system, the line voltage in the star system is 
To achieve the same phase current in a star-connected system as in a delta-

 times the line 
voltage in the delta system.

When considering given power transfers, the delta system generally has large 
conductor cross-sectional areas associated with larger line currents, while the 
star system has large insulation hence it is generally associated with a larger 
line voltage. 
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7.9 TWO-PHASE SYSTEM
Study section 3 in chapter 28 (28.10) of your prescribed textbook or the 
corresponding topic in your recommended textbook.

3 6Ac tiv it y  7. 3

(1) Compare star and delta connections in terms of load, power and 
power transfer.

(2) State the advantages of three-phase systems.
(3) Three loads, each of resistance 50 Ω, are connected in star to a 400 V, 

three-phase supply. Determine (a) the phase voltage, (b) the phase 
current and (c) the line current.

[Answer: (a) 231 V (b) 4.62 A (c) 4.62 A]

(4) If the loads in the above question are connected in delta to the same 
supply, determine (a) the phase voltage, (b) the phase current and (c) 
the line current. 

[Answer: (a) 400 V (b) 8 A (c) 13.86 A]

(5) A star-connected load consists of three identical coils, each of 
inductance 159.2 mH and resistance 50 Ω. If the supply frequency is 
50 Hz and the line current is 3 A, determine (a) the phase voltage and 
(b) the line voltage. 

[Answer: (a) 212 V (b) 367 V]

(6) Three identical capacitors are connected (a) in star, (b) in delta to a 400 
V, 50 Hz, three-phase supply. If the line current is 12 A, determine – in 
each case – the capacitance of each of the capacitors.

[Answer: (a) 165.4 µF (b) 55.13 µF]

(7) Three coils each with resistance 6 Ω and inductance LH are connected 
(a) in star and (b) in delta, to a 415 V, 50 Hz, three-phase supply. If the 
line current is 30 A, find – for each connection – the value of L. 

[Answer: (a) 16.78 mH (b) 73.84 mH] 

(8) A three-phase, four-wire, star-connected system supplies three 
resistive loads of 15 kW, 20 kW and 25 kW in the red, yellow and blue 
phases respectively. Determine the current flowing in each of the 
four conductors.

[Answer: IR = 64.95 A, IY = 86.60 A, IB = 108.25 A, IN = 37.50 A]

(9) A three-phase, star-connected alternator delivers a line current of 
65 A to a balanced delta-connected load at a line voltage of 380 V. 
Calculate (a) the phase voltage of the alternator, (b) the alternator 
phase current and (c) the load phase current. 

[Answer: (a) 219.4 V (b) 65 A (c) 37.53 A]

(10) A 440 V, three-phase AC motor has a power output of 11.25 kW and 
operates at a power factor of 0.8 lagging and with an efficiency of 
84%. If the motor is delta connected, determine (a) the power input, 
(b) the line current and (c) the phase current.

[Answer: (a) 13.39 kW (b) 21.96 A (c) 12.68 A]
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(11) Two wattmeters are connected to measure the input power to a 
balanced three-phase load. If the wattmeter readings are 9.3 kW and 
5.4 kW, determine (a) the total output power, and (b) the load power 
factor. 

[Answer: (a) 14.7 kW (b) 0.909]

(12) 15.8 kW is found by the two wattmeter method to be the power input 
to a three-phase motor. Determine the reading of each wattmeter if 
the power factor of the system is 0.85. 

[Answer: 5.431 kW, 2.569 kW]

(13) Three similar coils, each having a resistance of 4.0 Ω and an inductive 
reactance of 3.46 Ω are connected (a) in star and (b) in delta across a 
400 V, three-phase supply. For each connection, calculate the readings 
on each of two wattmeters connected to measure the power by the 
two-wattmeter method. 

[Answer: (a) 17.15 kW, 5.73 kW (b) 51.46 kW, 17.18 kW]

(14) A three-phase, star-connected alternator supplies a delta-connected 
load, each phase of which has a resistance of 15 Ω and inductive 
reactance of 20 Ω. If the line voltage is 400 V, calculate (a) the current 
supplied by the alternator and (b) the output power and kVA rating of 
the alternator, neglecting any losses in the line between the alternator 
and the load. 

[Answer: (a) 27.71 A (b) 11.52 kW, 19.2 kVA]

(15) Think back about everything you studied in this module. What were 
the two most valuable things you learnt, that will help you most in 
your day-to-day electrical work? In which ways (if any) has the module 
equipped you to cope better with the demands of your current (or 
future) work? 

(16) Were your study skills and mathematical skills at a good enough level 
to cope with the demands of this module? If not, what can you do 
to improve?

7.10 CONCLUSION
A three-phase system is known for its ability to transmit power efficiently. In 
this study unit, you learnt about the different connections in a three-phase 
system for a balanced load, and how to measure this power using two different 
methods.

This module introduced you to a range of new concepts and fundamentals of 
a.c. power that you will be able to apply in practice in the field of electrical 
engineering. By successfully completing this module, you will have improved 
your skills in circuit analysis and will not only be able to function more 
effectively in the workplace, but will also be ready to move on to studies at 
a next level.


