
2 An introduction to
electric circuits

At the end of this chapter you should be able to:

ž recognize common electrical circuit diagram symbols

ž understand that electric current is the rate of movement of
charge and is measured in amperes

ž appreciate that the unit of charge is the coulomb

ž calculate charge or quantity of electricity Q from Q D It

ž understand that a potential difference between two points in a
circuit is required for current to flow

ž appreciate that the unit of p.d. is the volt

ž understand that resistance opposes current flow and is
measured in ohms

ž appreciate what an ammeter, a voltmeter, an ohmmeter, a
multimeter and a C.R.O. measure

ž distinguish between linear and non-linear devices

ž state Ohm’s law as V D IR or I D V

R
or R D V

I

ž use Ohm’s law in calculations, including multiples and
sub-multiples of units

ž describe a conductor and an insulator, giving examples of each

ž appreciate that electrical power P is given by

P D VI D I2R D V2

R
watts

ž calculate electrical power

ž define electrical energy and state its unit

ž calculate electrical energy

ž state the three main effects of an electric current, giving
practical examples of each

ž explain the importance of fuses in electrical circuits

2.1 Standard symbols for
electrical components

Symbols are used for components in electrical circuit diagrams and some
of the more common ones are shown in Figure 2.1.



An introduction to electric circuits 11

Figure 2.1

2.2 Electric current and
quantity of electricity

All atomsconsist of protons, neutronsand electrons. The protons, which
have positive electrical charges, and the neutrons, which have no electrical
charge, are contained within the nucleus. Removed from the nucleus are
minute negatively charged particles called electrons. Atoms of different
materials differ from one another by having different numbers of protons,
neutrons and electrons. An equal number of protons and electrons exist
within an atom and it is said to be electrically balanced, as the positive
and negative charges cancel each other out. When there are more than
two electrons in an atom the electrons are arranged into shellsat various
distances from the nucleus.

All atoms are bound together by powerful forces of attraction existing
between the nucleus and its electrons. Electrons in the outer shell of an
atom, however, are attracted to their nucleus less powerfully than are
electrons whose shells are nearer the nucleus.
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It is possible for an atom to lose an electron; the atom, which is now
called an ion, is not now electrically balanced, but is positively charged
and is thus able to attract an electron to itself from another atom. Electrons
that move from one atom to another are called free electrons and such
random motion can continue indefinitely. However, if an electric pressure
or voltage is applied across any material there is a tendency for electrons
to move in a particular direction. This movement of free electrons, known
as drift , constitutes an electric current flow. Thus current is the rate of
movement of charge.

Conductors are materials that contain electrons that are loosely
connected to the nucleus and can easily move through the material from
one atom to another.

Insulators are materials whose electrons are held firmly to their
nucleus.

The unit used to measure the quantity of electrical charge Q is called
the coulomb C �where 1 coulomb D 6.24 ð 1018 electrons	

If the drift of electrons in a conductor takes place at the rate of one
coulomb per second the resulting current is said to be a current of one
ampere.

Thus, 1 ampere D 1 coulomb per second or 1 A D 1 C/s
Hence, 1 coulomb D 1 ampere second or 1 C D 1 As
Generally, if I is the current in amperes and t the time in seconds during

which the current flows, then Ið t represents the quantity of electrical
charge in coulombs, i.e.

quantity of electrical charge transferred, Q = I × t coulombs

Problem 1. What current must flow if 0.24 coulombs is to be
transferred in 15 ms?

Since the quantity of electricity, Q D It, then

I D Q

t
D 0.24

15 ð 10�3
D 0.24 ð 103

15
D 240

15
D 16 A

Problem 2. If a current of 10 A flows for four minutes, find the
quantity of electricity transferred.

Quantity of electricity, Q D It coulombs

I D 10 A; t D 4 ð 60 D 240 s

Hence Q D 10 ð 240 D 2400 C

Further problems on Q D Ið t may be found in Section 2.12, problems 1
to 3, page 21.
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2.3 Potential difference
and resistance

For a continuous current to flow between two points in a circuit a poten-
tial difference (p.d.) or voltage, V, is required between them; a complete
conducting path is necessary to and from the source of electrical energy.
The unit of p.d. is the volt, V

Figure 2.2 shows a cell connected across a filament lamp. Current flow,
by convention, is considered as flowing from the positive terminal of the
cell, around the circuit to the negative terminal.

The flow of electric current is subject to friction. This friction, or oppo-
sition, is called resistanceR and is the property of a conductor that limits
current. The unit of resistance is the ohm; 1 ohm is defined as the resis-
tance which will have a current of 1 ampere flowing through it when
1 volt is connected across it, i.e.

resistanceR =
potential difference

current
Figure 2.2

2.4 Basic electrical
measuring instruments

An ammeter is an instrument used to measure current and must be
connected in series with the circuit. Figure 2.2 shows an ammeter
connected in series with the lamp to measure the current flowing through
it. Since all the current in the circuit passes through the ammeter it must
have a very low resistance.

A voltmeter is an instrument used to measure p.d. and must be
connected in parallel with the part of the circuit whose p.d. is required. In
Figure 2.2, a voltmeter is connected in parallel with the lamp to measure
the p.d. across it. To avoid a significant current flowing through it a
voltmeter must have a very high resistance.

An ohmmeter is an instrument for measuring resistance.
A multimeter , or universal instrument, may be used to measure

voltage, current and resistance. An ‘Avometer’ is a typical example.
The cathode ray oscilloscope (CRO)may be used to observe wave-

forms and to measure voltages and currents. The display of a CRO
involves a spot of light moving across a screen. The amount by which
the spot is deflected from its initial position depends on the p.d. applied
to the terminals of the CRO and the range selected. The displacement is
calibrated in ‘volts per cm’. For example, if the spot is deflected 3 cm
and the volts/cm switch is on 10 V/cm then the magnitude of the p.d. is
3 cm ð 10 V/cm, i.e. 30 V (See Chapter 10 for more detail about elec-
trical measuring instruments and measurements.)

Figure 2.3

2.5 Linear and
non-linear devices

Figure 2.3 shows a circuit in which current I can be varied by the variable
resistor R2. For various settings of R2, the current flowing in resistor
R1, displayed on the ammeter, and the p.d. across R1, displayed on the
voltmeter, are noted and a graph is plotted of p.d. against current. The
result is shown in Figure 2.4(a) where the straight line graph passing
through the origin indicates that current is directly proportional to the p.d.
Since the gradient i.e. (p.d./current) is constant, resistance R1 is constant.
A resistor is thus an example of a linear device.
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Figure 2.4

If the resistor R1 in Figure 2.3 is replaced by a component such as a
lamp then the graph shown in Figure 2.4(b) results when values of p.d.
are noted for various current readings. Since the gradient is changing, the
lamp is an example of a non-linear device.

2.6 Ohm’s law Ohm’s law states that the current I flowing in a circuit is directly propor-
tional to the applied voltage V and inversely proportional to the resistance
R, provided the temperature remains constant. Thus,

I =
V
R

or V = IR or R =
V
I

Problem 3. The current flowing through a resistor is 0.8 A when
a p.d. of 20 V is applied. Determine the value of the resistance.

From Ohm’s law, resistance R D V

I
D 20

0.8
D 200

8
D 25Z

2.7 Multiples and
sub-multiples

Currents, voltages and resistances can often be very large or very small.
Thus multiples and sub-multiples of units are often used, as stated in
chapter 1. The most common ones, with an example of each, are listed
in Table 2.1

TABLE 2.1

Prefix Name Meaning Example

M mega multiply by 1 000 000
(i.e., ð 106)

2 M
 D 2 000 000 ohms

k kilo multiply by 1000
(i.e., ð 103)

10 kV D 10 000 volts

m milli divide by 1000
(i.e., ð 10�3)

25 mA D 25

1000
A

D 0.025 amperes

µ micro divide by 1 000 000
(i.e., ð 10�6)

50 µV D 50

1 000 000
V

D 0.000 05 volts
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A more extensive list of common prefixes are given on page 972.

Problem 4. Determine the p.d. which must be applied to a 2 k

resistor in order that a current of 10 mA may flow.

Resistance R D 2 k
 D 2 ð 103 D 2000 


Current I D 10 mA D 10 ð 10�3 A or
10

103
or

10

1000
A D 0.01 A

From Ohm’s law, potential difference, V D IR D �0.01	�2000	 D 20 V

Problem 5. A coil has a current of 50 mA flowing through it when
the applied voltage is 12 V. What is the resistance of the coil?

Resistance, R D V

I
D 12

50 ð 10�3
D 12 ð 103

50
D 12 000

50
D 240Z

Problem 6. A 100 V battery is connected across a resistor and
causes a current of 5 mA to flow. Determine the resistance of the
resistor. If the voltage is now reduced to 25 V, what will be the
new value of the current flowing?

Resistance R D V

I
D 100

5 ð 10�3
D 100 ð 103

5
D 20 ð 103 D 20 kZ

Current when voltage is reduced to 25 V,

I D V

R
D 25

20 ð 103
D 25

20
ð 10�3 D 1.25 mA

Problem 7. What is the resistance of a coil which draws a current
of (a) 50 mA and (b) 200 µA from a 120 V supply?

(a) Resistance R D V

I
D 120

50 ð 10�3

D 120

0.05
D 12 000

5
D 2 400Z or 2.4 kZ

(b) Resistance R D 120

200 ð 10�6
D 120

0.0002

D 1200 000

2
D 600 000Z or 600 kZ or 0.6 MZ

Further problems on Ohm’s law may be found in Section 2.12, problems 4
to 7, page 21.
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2.8 Conductors and
insulators

A conductor is a material having a low resistance which allows electric
current to flow in it. All metals are conductors and some examples include
copper, aluminium, brass, platinum, silver, gold and carbon.

An insulator is a material having a high resistance which does not
allow electric current to flow in it. Some examples of insulators include
plastic, rubber, glass, porcelain, air, paper, cork, mica, ceramics and
certain oils.

2.9 Electrical power and
energy

Electrical power

Power P in an electrical circuit is given by the product of potential
difference V and current I, as stated in Chapter 1. The unit of power is
the watt, W. Hence

P = V × I watts �2.1	

From Ohm’s law, V D IR
Substituting for V in equation (2.1) gives:

P D �IR	ð I

i.e. P = I 2R watts

Also, from Ohm’s law, I D V

R
Substituting for I in equation (2.1) gives:

P D Vð V

R

i.e. P =
V 2

R
watts

There are thus three possible formulae which may be used for calculating
power.

Problem 8. A 100 W electric light bulb is connected to a 250 V
supply. Determine (a) the current flowing in the bulb, and (b) the
resistance of the bulb.

Power P D Vð I, from which, current I D P

V

(a) Current I D 100

250
D 10

25
D 2

5
D 0.4 A

(b) Resistance R D V

I
D 250

0.4
D 2500

4
D 625Z
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Problem 9. Calculate the power dissipated when a current of
4 mA flows through a resistance of 5 k


Power P D I2R D �4 ð 10�3	2�5 ð 103	

D 16 ð 10�6 ð 5 ð 103 D 80 ð 10�3

D 0.08 W or 80 mW

Alternatively, since I D 4 ð 10�3 and R D 5 ð 103 then from Ohm’s law,
voltage V D IR D 4 ð 10�3 ð 5 ð 10�3 D 20 V
Hence, power P D Vð I D 20 ð 4 ð 10�3 D 80 mW

Problem 10. An electric kettle has a resistance of 30 
. What
current will flow when it is connected to a 240 V supply? Find
also the power rating of the kettle.

Current, I D V

R
D 240

30
D 8 A

Power, P D VI D 240 ð 8 D 1920 W D 1.92 kW

D power rating of kettle

Problem 11. A current of 5 A flows in the winding of an electric
motor, the resistance of the winding being 100 
. Determine (a) the
p.d. across the winding, and (b) the power dissipated by the coil.

(a) Potential difference across winding, V D IR D 5 ð 100 D 500 V

(b) Power dissipated by coil, P D I2R D 52 ð 100

D 2500 W or 2.5 kW

(Alternatively, P D Vð I D 500 ð 5 D 2500 W or 2.5 kW)

Problem 12. The current/voltage relationship for two resistors A
and B is as shown in Figure 2.5. Determine the value of the resis-
tance of each resistor.

Figure 2.5

For resistor A, R D V

I
D 20 A

20 mA
D 20

0.02
D 2 000

2
D 1 000Z or 1 kZ

For resistor B, R D V

I
D 16 V

5 mA
D 16

0.005
D 16 000

5
D 3 200Z or

3.2 kZ
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Problem 13. The hot resistance of a 240 V filament lamp is
960 
. Find the current taken by the lamp and its power rating.

From Ohm’s law, current I D V

R
D 240

960
D 24

96
D 1

4
A or 0.25 A

Power rating P D VI D �240	
(

1

4

)
D 60 W

Electrical energy

Electrical energy= power × time

If the power is measured in watts and the time in seconds then the unit of
energy is watt-seconds or joules. If the power is measured in kilowatts and
the time in hours then the unit of energy is kilowatt-hours , often called
the ‘unit of electricity ’. The ‘electricity meter’ in the home records the
number of kilowatt-hours used and is thus an energy meter.

Problem 14. A 12 V battery is connected across a load having a
resistance of 40 
. Determine the current flowing in the load, the
power consumed and the energy dissipated in 2 minutes.

Current I D V

R
D 12

40
D 0.3 A

Power consumed, P D VI D �12	�0.3	 D 3.6 W

Energy dissipated D power ð time D �3.6 W	�2 ð 60 s	 D 432 J
(since 1 J D 1 Ws)

Problem 15. A source of e.m.f. of 15 V supplies a current of 2 A
for six minutes. How much energy is provided in this time?

Energy D power ð time, and power D voltage ð current

Hence energy D VIt D 15 ð 2 ð �6 ð 60	 D 10 800 Ws or J D 10.8 kJ

Problem 16. Electrical equipment in an office takes a current of
13 A from a 240 V supply. Estimate the cost per week of electricity
if the equipment is used for 30 hours each week and 1 kWh of
energy costs 7p

Power D VI watts D 240 ð 13 D 3120 W D 3.12 kW
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Energy used per week D power ð time D �3.12 kW	ð �30 h	

D 93.6 kWh
Cost at 7p per kWh D 93.6 ð 7 D 655.2 p

Hence weekly cost of electricity = £6.55

Problem 17. An electric heater consumes 3.6 MJ when connected
to a 250 V supply for 40 minutes. Find the power rating of the
heater and the current taken from the supply.

Power D energy

time
D 3.6 ð 106

40 ð 60

J

s
(or W) D 1500 W

i.e. Power rating of heater D 1.5 kW

Power P D VI, thus I D P

V
D 1500

250
D 6 A

Hence the current taken from the supply is 6 A

Problem 18. Determine the power dissipated by the element of
an electric fire of resistance 20 
 when a current of 10 A flows
through it. If the fire is on for 6 hours determine the energy used
and the cost if 1 unit of electricity costs 7p.

PowerP D I2R D 102 ð 20 D 100 ð 20 D 2 000 W or 2 kW
(Alternatively, from Ohm’s law, V D IR D 10 ð 20 D 200 V, hence
power P D Vð I D 200 ð 10 D 2000 W D 2 kW)
Energy used in 6 hours D power ð time D 2 kW ð 6 h D 12 kWh
1 unit of electricity D 1 kWh
Hence the number of units used is 12
Cost of energy D 12 ð 7 D 84p

Problem 19. A business uses two 3 kW fires for an average of
20 hours each per week, and six 150 W lights for 30 hours each
per week. If the cost of electricity is 7p per unit, determine the
weekly cost of electricity to the business.

Energy D power ð time

Energy used by one 3 kW fire in 20 hours D 3 kW ð 20 h D 60 kWh

Hence weekly energy used by two 3 kW fires D 2 ð 60 D 120 kWh

Energy used by one 150 W light for 30 hours D 150 W ð 30 h

D 4500 Wh D 4.5 kWh
Hence weekly energy used by six 150 W lamps D 6 ð 4.5 D 27 kWh
Total energy used per week D 120 C 27 D 147 kWh
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1 unit of electricity D 1 kWh of energy

Thus weekly cost of energy at 7p per kWh D 7 ð 147 D 1029p

D £10.29

Further problems on power and energy may be found in Section 2.12,
problems 8 to 17, page 21.

2.10 Main effects of
electric current

The three main effects of an electric current are:

(a) magnetic effect
(b) chemical effect
(c) heating effect

Some practical applications of the effects of an electric current include:

Magnetic effect: bells, relays, motors, generators, transformers,
telephones, car-ignition and lifting magnets

Chemical effect: primary and secondary cells and electroplating

Heating effect: cookers, water heaters, electric fires, irons, furnaces,
kettles and soldering irons

2.11 Fuses A fuseis used to prevent overloading of electrical circuits. The fuse, which
is made of material having a low melting point, utilizes the heating effect
of an electric current. A fuse is placed in an electrical circuit and if the
current becomes too large the fuse wire melts and so breaks the circuit. A
circuit diagram symbol for a fuse is shown in Figure 2.1, on page 11.

Problem 20. If 5 A, 10 A and 13 A fuses are available, state
which is most appropriate for the following appliances which are
both connected to a 240 V supply (a) Electric toaster having a
power rating of 1 kW (b) Electric fire having a power rating of
3 kW

Power P D VI, from which, current I D P

V

(a) For the toaster, current I D P

V
D 1000

240
D 100

24
D 4

1

6
A

Hence a 5 A fuse is most appropriate

(b) For the fire, current I D P

V
D 3000

240
D 300

24
D 12

1

2
A

Hence a 13 A fuse is most appropriate


	Part 1 Basic Electrical Engineering Principles
	1 Units associated with basic electrical quantities
	1 SI units
	1 Charge
	1 Force
	1 Work
	1 Power
	1 Electrical potential and e. m. f.
	1 Resistance and conductance
	1 Electrical power and energy
	1 Summary of terms, units and their symbols
	1 Further problems on units associated with basic electrical quantities

	2 An introduction to electric circuits
	2 Standard symbols for electrical components
	2 Electric current and quantity of electricity
	2 Potential difference and resistance
	2 Basic electrical measuring instruments
	2 Linear and non- linear devices
	2 Ohm’s law
	2 Multiples and sub- multiples
	2 Conductors and insulators
	2 Electrical power and energy
	2 Main effects of electric current
	2 Fuses

	3 Resistance variation
	3 Resistance and resistivity
	3 Temperature coefficient of resistance
	3 Further problems on resistance variation

	4 Chemical effects of electricity
	4 Electrolysis
	4 Electroplating
	4 The simple cell
	4 Corrosion
	4 E.m.f. and internal resistance of a cell
	4 Primary cells
	4 Secondary cells
	4 Cell capacity
	4 Further problems on the chemical effects of electricity

	Assignment 1
	5 Series and parallel networks
	5 Series circuits
	5 Potential divider
	5 Parallel networks
	5 Current division
	5 Wiring lamps in series and in parallel
	5 Further problems on series and parallel networks

	6 Capacitors and capacitance
	6 Electrostatic field
	6 Electric field strength
	6 Capacitance
	6 Capacitors
	6 Electric flux density
	6 Permittivity
	6 The parallel plate capacitor
	6 Capacitors connected in parallel and series
	6 Dielectric strength
	6 Energy stored
	6 Practical types of capacitor
	6 Discharging capacitors
	6 Further problems on capacitors and capacitance

	7 Magnetic circuits
	7 Magnetic fields
	7 Magnetic flux and flux density
	7 Magnetomotive force and magnetic field strength
	7 Permeability and B Ò H curves
	7 Reluctance
	7 Composite series magnetic circuits
	7 Comparison between electrical and magnetic quantities
	7 Hysteresis and hysteresis loss
	7 Further problems on magnetic circuits

	Assignment 2
	8 Electromagnetism
	8 Magnetic field due to an electric current
	8 Electromagnets
	8 Force on a current- carrying conductor
	8 Principle of operation of a simple d. c. motor
	8 Principle of operation of a moving coil instrument
	8 Force on a charge
	8 Further problems on electromagnetism

	9 Electromagnetic induction
	9 Introduction to electromagnetic induction
	9 Laws of electromagnetic induction
	9 Inductance
	9 Inductors
	9 Energy stored
	9 Inductance of a coil
	9 Mutual inductance
	9 Further problems on electromagnetic induction

	10 Electrical measuring instruments and measurements
	10 Analogue instruments
	10 Moving-iron instrument
	10 The moving-coil rectifier instrument
	10 Comparison of moving- coil, moving- iron and moving- coil rectifier instruments
	10 Shunts and multipliers
	10 Electronic instruments
	10 The ohmmeter
	10 Multimeters
	10 Wattmeters
	10 Instrument 'loading' effect
	10 The cathode ray oscilloscope
	10 Waveform harmonics
	10 Logarithmic ratios
	10 Null method of measurement
	10 Wheatstone bridge
	10 D.c. potentiometer
	10 A.c. bridges
	10 Measurement errors
	10 Further problems on electrical measuring instruments and measurements

	11 Semiconductor diodes
	11 Types of materials
	11 Silicon and germanium
	11 n-type and p-type materials
	11 The p-n junction
	11 Forward and reverse bias
	11 Rectification
	11 Further problems on semiconductor diodes

	12 Transistors
	12 The bipolar junction transistor
	12 Transistor action
	12 Transistor symbols
	12 Transistor connections
	12 Transistor characteristics
	12 The transistor as an amplifier
	12 The load line
	12 Current and voltage gains
	12 Thermal runaway
	12 Further problems on transistors

	Assignment 3
	Main formulae for Part 1
	Capacitors and capacitance 1
	Magnetic circuits 1
	Electromagnetism 1
	Electromagnetic induction 1
	Measurements 1


	Part 2 Electrical Principles and Technology
	13 D.c. circuit theory
	13 Kirchhoff’s laws
	13 The superposition theorem
	13 General d.c. circuit theory
	13 Thevenin’s theorem
	13 Constant-current source
	13 Norton’s theorem
	13 Thevenin and Norton equivalent networks
	13 Maximum power transfer theorem
	13 Further problems on d. c. circuit theory

	14 Alternating voltages and currents
	14 The a.c. generator
	14 Waveforms
	14 A.c. values
	14 The equation of a sinusoidal waveform
	14 Combination of waveforms
	14 Rectification
	14 Further problems on alternating voltages and currents

	Assignment 4
	15 Single-phase series a.c. circuits
	15 Purely resistive a.c. circuit
	15 Purely inductive a.c. circuit
	15 Purely capacitive a. c. circuit
	15 R – L series a.c. circuit
	15 R – C series a.c. circuit
	15 R – L – C series a.c. circuit
	15 Series resonance
	15 Q-factor
	15 Bandwidth and selectivity
	15 Power in a.c. circuits
	15 Power triangle and power factor
	15 Further problems on single- phase series a. c. circuits

	16 Single-phase parallel a. c. circuits
	16 R – L parallel a.c. circuit
	16 R – C parallel a.c. circuit
	16 L – C parallel a.c. circuit
	16 LR – C parallel a.c. circuit
	16 Parallel resonance and Q- factor
	16 Power factor improvement
	16 Further problems on single- phase parallel a. c. circuits

	17 D.c. transients
	17 Charging a capacitor
	17 Time constant for a C – R circuit
	17 Transient curves for a C – R circuit
	17 Discharging a capacitor
	17 Current growth in an L – R circuit
	17 Time constant for an L – R circuit
	17 Transient curves for an L – R circuit
	17 Current decay in an L – R circuit
	17 Switching inductive circuits
	17 The effects of time constant on a rectangular waveform
	17 Further problems on d. c. transients

	18 Operational amplifiers
	18 Introduction to operational amplifiers
	18 Some op amp parameters
	18 Op amp inverting amplifier
	18 Op amp non- inverting amplifier
	18 Op amp voltage- follower
	18 Op amp summing amplifier
	18 Op amp voltage comparator
	18 Op amp integrator
	18 Op amp differential amplifier
	18 Digital to analogue ( D/ A) conversion
	18 Analogue to digital ( A/ D) conversion
	18 Further problems on operational amplifiers

	Assignment 5
	19 Three phase systems
	19 Three-phase supply
	19 Star connection
	19 Delta connection
	19 Power in three- phase systems
	19 Measurement of power in three- phase systems
	19 Comparison of star and delta connections
	19 Advantages of three- phase systems
	19 Further problems on three- phase systems

	20 Transformers
	20 Transformer principle of operation
	20 Transformer no- load phasor diagram
	20 E.m.f. equation of a transformer
	20 Transformer on- load phasor diagram
	20 Transformer construction
	20 Equivalent circuit of a transformer
	20 Regulation of a transformer
	20 Transformer losses and efficiency
	20 Resistance matching
	20 Auto transformers
	20 Isolating transformers
	20 Three-phase transformers
	20 Current transformers
	20 Voltage transformers
	20 Further problems on transformers

	Assignment 6
	21 D.c. machines
	21 The action of a commutator
	21 D.c. machine construction
	21 Shunt, series and compound windings
	21 E.m.f. generated in an armature winding
	21 D.c. generators
	21 Types of d.c. generator and their characteristics
	21 D.c. machine losses
	21 Efficiency of a d.c. generator
	21 D.c. motors
	21 Torque of a d.c. machine
	21 Types of d.c. motor and their characteristics
	21 The efficiency of a d. c. motor
	21 D.c. motor starter
	21 Speed control of d. c. motors
	21 Motor cooling
	21 Further problems on d. c. machines

	22 Three-phase induction motors
	22 Production of a rotating magnetic field
	22 Synchronous speed
	22 Construction of a three- phase induction motor
	22 Principle of operation of a three- phase induction motor
	22 Slip
	22 Rotor e.m.f. and frequency
	22 Rotor impedance and current
	22 Rotor copper loss
	22 Induction motor losses and efficiency
	22 Torque equation for an induction motor
	22 Induction motor torque - speed characteristics
	22 Starting methods for induction motors
	22 Advantages of squirrel- cage induction motors
	22 Advantages of wound rotor induction motor
	22 Double cage induction motor
	22 Uses of three-phase induction motors
	22 Further problems on three- phase induction motors

	Assignment 7
	Main formulae for Part 2
	23 A.c. theory:
	23 Single-phase circuits:
	23 D.c. transients:
	23 Operational amplifiers:
	23 Three-phase systems:
	23 Transformers:
	23 D.c. machines:
	23 Three-phase induction motors:


	Part 3 Advanced Circuit Theory and Technology
	23 Revision of complex numbers
	23 Operations involving Cartesian complex numbers
	23 Complex equations
	23 The polar form of a complex number
	23 Multiplication and division using complex numbers in polar form
	23 De Moivre’s theorem — powers and roots of complex numbers
	23 Further problems on complex numbers

	24 Application of complex numbers to series a. c. circuits
	24 Series a.c. circuits
	24 Further problems on series a. c. circuits

	25 Application of complex numbers to parallel a. c. networks
	25 Admittance, conductance and susceptance
	25 Parallel a.c. networks
	25 Further problems on parallel a. c. networks

	26 Power in a.c. circuits
	26 Determination of power in a. c. circuits
	26 Power triangle and power factor
	26 Use of complex numbers for determination of power
	26 Power factor improvement
	26 Further problems on power in a. c. circuits

	Assignment 8
	27 A.c. bridges
	27 Balance conditions for an a. c. bridge
	27 Types of a.c. bridge circuit
	27 Further problems on a. c. bridges

	28 Series resonance and Q- factor
	28 Series resonance
	28 Q-factor
	28 Voltage magnification
	28 Q-factors in series
	28 Bandwidth
	28 Small deviations from the resonant frequency
	28 Further problems on series resonance and Q- factor

	29 Parallel resonance and Q- factor
	29 The LR – C parallel network
	29 Dynamic resistance
	29 The LR – CR parallel network
	29 Q-factor in a parallel network
	29 Further problems on parallel resonance and Q- factor

	Assignment 9
	30 Introduction to network analysis
	30 Solution of simultaneous equations using determinants
	30 Network analysis using Kirchhoff’s laws
	30 Further problems on Kirchhoff’s laws

	31 Mesh-current and nodal analysis
	31 Mesh-current analysis
	31 Nodal analysis
	31 Further problems on mesh- current and nodal analysis

	32 The superposition theorem
	32 Using the superposition theorem
	32 Further problems on the superposition theorem

	33 Thevenin’s and Norton’s theorems
	33 Thevenin’s theorem
	33 Norton’s theorem
	33 Thevenin and Norton equivalent networks
	33 Further problems on Thevenin’s and Norton’s theorem

	Assignment 10
	34 Delta-star and star-delta transformations
	34 Delta and star connections
	34 Delta-star transformation
	34 Star-delta transformation
	34 Further problems on delta-star and star-delta transformations

	35 Maximum power transfer theorems and impedance matching
	35 Maximum power transfer theorems
	35 Impedance matching
	35 Further problems on maximum power transfer theorems and impedance matching

	Assignment 11
	36 Complex Waveforms
	36 The general equation for a complex waveform
	36 Harmonic synthesis
	36 Rms value, mean value and the form factor of a complex wave
	36 Power associated with complex waves
	36 Harmonics in single- phase circuits
	36 Resonance due to harmonics
	36 Sources of harmonics
	36 Further problems on complex waveforms

	37 A numerical method of harmonic analysis
	37 Harmonic analysis on data given in tabular or graphical form
	37 Complex waveform considerations
	37 Further problems on a numerical method of harmonic analysis

	38 Magnetic materials
	38 Revision of terms and units used with magnetic circuits
	38 Magnetic properties of materials
	38 Hysteresis and hysteresis loss
	38 Eddy current loss
	38 Separation of hysteresis and eddy current losses
	38 Nonpermanent magnetic materials
	38 Permanent magnetic materials
	38 Further problems on magnetic materials

	Assignment 12
	39 Dielectrics and dielectric loss
	39 Electric fields, capacitance and permittivity
	39 Polarization
	39 Dielectric strength
	39 Thermal effects
	39 Mechanical properties
	39 Types of practical capacitor
	39 Liquid dielectrics and gas insulation
	39 Dielectric loss and loss angle
	39 Further problems on dielectric loss and loss angle

	40 Field theory
	40 Field plotting by curvilinear squares
	40 Capacitance between concentric cylinders
	40 Capacitance of an isolated twin line
	40 Energy stored in an electric field
	40 Induced e.m.f. and inductance
	40 Inductance of a concentric cylinder ( or coaxial cable)
	40 Inductance of an isolated twin line
	40 Energy stored in an electromagnetic field
	40 Further problems on field theory

	41 Attenuators
	41 Characteristic impedance
	41 Logarithmic ratios
	41 Symmetrical T-and p- attenuators
	41 Insertion loss
	41 Asymmetrical Tand p- sections
	41 The L-section attenuator
	41 Two-port networks in cascade
	41 Further problems on attenuators

	Assignment 13
	42 Filter networks
	42 Basic types of filter sections
	42 The characteristic impedance and the attenuation of filter sections
	42 Ladder networks
	42 Low-pass filter sections
	42 High-pass filter sections
	42 Propagation coefficient and time delay in filter sections
	42 'm-derived' filter sections
	42 Practical composite filters
	42 Further problems on filter networks

	43 Magnetically coupled circuits
	43 Self-inductance
	43 Mutual inductance
	43 Coupling coefficient
	43 Coils connected in series
	43 Coupled circuits
	43 Dot rule for coupled circuits
	43 Further problems on magnetically coupled circuits

	44 Transmission lines
	44 Transmission line primary constants
	44 Phase delay, wavelength and velocity of propagation
	44 Current and voltage relationships
	44 Characteristic impedance and propagation coefficient in terms of the primary constants
	44 Distortion on transmission lines
	44 Wave reflection and the reflection coefficient
	44 Standing waves and the standing wave ratio
	44 Further problems on transmission lines

	45 Transients and Laplace transforms
	45 Response of R – C series circuit to a step input
	45 Response of R – L series circuit to a step input
	45 L – R – C series circuit response
	45 Introduction to Laplace transforms
	45 Inverse Laplace transforms and the solution of differential equations
	45 Laplace transform analysis directly from the circuit diagram
	45 L – R – C series circuit using Laplace transforms
	45 Initial conditions
	45 Further problems on transients and Laplace transforms

	Assignment 14
	Main formulae for part 3 advanced circuit theory and technology
	Complex numbers: 3
	R – L – C series circuit: 3
	LR – C network: 3
	LR – CR network: 3
	Determinants: 3
	Delta-star: 3
	Star-delta: 3
	Impedance matching: 3
	Complex waveforms: 3
	Harmonic analysis: 3
	Hysteresis and Eddy current: 3
	Dielectric loss: 3
	Field theory: 3
	Attenuators: 3
	Filter networks 3
	Magnetically coupled circuits 3
	Transmission lines: 3
	Transients: 3


	Part 4 General Reference
	Standard electrical quantities — their symbols and units 4
	Greek alphabet 4
	Common prefixes 4
	Resistor colour coding and ohmic values 4
	Colour code for fixed resistors 4
	Letter and digit code for resistors 4

	Index


