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PART I Basic Knowledge of Electrics
B T X f

Lesson 1 Electric Circuit

B

The diagram of Fig. 1.1 illustrates the essential parts of an electric circuit, which consists in
its simplest form,of an energy source and interconnected energy dissipation or conversion device

known as the load.

interconnecting wires

/]

energy foend
source 08

Fig.1.1 The electric circuit in its simplest form

A practical energy source may take one of many forms, for example, depending on
electrochemical, electromagnetic, thermoelectric and photoelectric ete. In principle, for the
purpose of circuit analysis only two idealized forms are recognized,to one of which all practical
sources approximate., These are: the voltage source and the current source.

The voltage source maintains a constant terminal voltage irrespective of the current supplied
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to the load. It is important to appreciate that the voltage may be function of, for example, time,
temperature , pressure etc. It is constant only with respect to variations of load.

The current source maintains a constant current in the load irrespective of the terminal
voltage which, in this case is determined by the magnitude of the load. As with the voltage
source ,the generated current may depend on many other factors, but its one essential attribute is
its independence of load.

The symbols used for these active devices are illustrated in Fig. 1.2 (a) and (b). Also
shown on the Figure are the arbitrarily chosen positive directions of voltage and current. It should
be noted that, conventionally, current flows through the source from the negative to the positive

terminal.

(a) (b)

Fig.1.2 Symbols used for active devices

(a) A voltage source; (b) A current source

The energy , W, expended in moving a charge g through a potential difference (p.d.) u is

given by
W=¢q-u (1.1)
Hence
dw_ dg_ .
P Pt (1.2)

The rate of expenditure of energy is defined as the power P. Hence in general the power is
given by

P(t) =u(t)-i(t) (1.3)

and is measured in Watts when u and i are in Volts and Amperes,respectively. If power P(t) is

expended for time T,the total energy expended(or stored) is
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W = fTP(t)d(z) (1.4)

By a method similar to that adopted for energy sources, the load or passive element of a
circuit may be idealized and defined by its terminal voltage/current relationship. All practical
passive devices possess energy dissipative properties, often accompanied by energy-storage
properties so that three distinct idealized types are possible.

(a)The resistance parameter;

A circuit,which dissipates energy but stores none is said to consist solely of resistance. The
property is defined by the relationship.

R = u(t)/i(t) (1.5)
where R is the resistance in Ohms if u(¢) and i(t) are in Volts and Amperes, respectively, and
Eq. 1.5 is known as Ohm’s Law. The corresponding diagrammatic representation is Fig. 1.3 (a) ,

which also shows the positive directions of p. d. and current.

i(r) (1)
+ ) ’ l'(')
un| | R u(t)yd L u(t)..[ C

(a) (b) (c)

Fig.1.3 Symbols of passive devices

(a) Resistance; (b) Inductance ; ( ¢ ) Capacitance

(b) The inductance parameter;
A circuit is said to possess inductance if it is able to store magnetic field energy. The
property is defined by the relationship

di(t)
dt

u(t) =L - (1.6)

where L is the inductance, the units of which are Henries if u and i are in Volts and Amperes,
respectively ,and ¢ is in seconds. A p.d. of 1 V will,therefore, cause the current to change at the

rate of 1 A/s in an inductance of 1 H. The circuit representation of the inductance parameter is
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shown in Fig. 1.3(b).

(e¢)The capacitance parameter:

A circuit which is able to store electrostatic field energy is said to possess capacitance. The
property is defined in terms of the electric charge stored per unit of potential difference at its
terminals , according to the equation

q(t) = Cu(t) (1.7)
where C is the capacitance, the units of which are Farads when u and ¢ are in Volts and
Coulombs , respectively ,with ¢ in seconds,hence,a capacitance of 1 F stores a charge of 1 C for a
terminal p. d. of 1 V. Combining i(2) =dg/dt and Eq. 1.7 gives

i(t) = Cdu(t)/dt (1.8)
Thus,a current of 1 A flows into a capacitance of 1 F when the terminal voltage changes at

the rate of 1 V/s.

New Words and Expressions

Ampere n. L3 (L)
capacitance n. LA, HIAR
electrochemical adj. ALY
electromagnetic adj. HREY)

Henry n. B (U7
inductance n. HUE, [
Ohm’s Law DKt E
photoelectric adj. J6HLHY
thermoelectric adj. A1)

Volt n. ARFF (LR
Farad n ERL( LA BT
Coulomb n. JEA (HL A )

electrostatic field [dzER)
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potential difference( JRfE p. d. ) EEfE - =)
active device A IELHG
passive element ToR T

Notes to the Text

1. A practical energy source may take one of many forms, for example, depending on
electrochemical, electromagnetic, thermoelectric and photoelectric etc. In principle, for the
purpose of circuit analysis only two idealized forms are recognized,to one of which all practical
sources approximate. These are: the voltage source and the current source.

SEPREY L IRA VPR IE S, A i R SE B R ORI A, R b T
T, K24 RAT WAR 22 DA B 3 B0 e S 5 el D

2. The voltage source maintains a constant terminal voltage irrespective of the current
supplied to load. It is important to appreciate that the voltage may be function of, for example,
time , temperature , pressure etc. It is constant only with respect to variations of load.

W B (45 17 355 R U TE S L i oL P T R ) M S TR Y L T T B AR B ] R
A 55 B eR K, T -5 TR R TE G, AR B — i R IR Y,
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Lesson 2 Thevenin’s & Norton’s Theorem

B 4 T E T8 0 i i E 1R

Thevenin’s Theorem states that a two-terminal network can be replaced by an equivalent
circuit of an EMF in series with a resistance. The value of the EMF is equal to the open-circuit
voltage of the original circuit. The series resistance is the resistance value measured back into the
original circuit with all sources replaced by their internal resistances.

The two-terminal network of Fig. 2. 1 (a) has a particular voltage measured across their
terminals when the load is disconnected. When the load resistance, R, , is connected to the
terminals , the load voltage is different from the no load voltage. We also find that the load voltage
changes for different values of load. We can compute values for this circuit easily if we form an
equivalent circuit for this two-terminal network. The equivalent circuit is not necessarily the actual
internal circuit of the two-terminal network. We do not need to know the actual contents of the
two-terminal network.

A load resistance placed across the terminals of the equivalent circuit must yield the same
current and voltage values obtained when this load resistance is placed across the terminals of the
original circuit.

Let us assume that the actual internal circuit of the two-terminal network of Fig.2.1(a) is
the circuit shown in Fig.2.1(b).

Thevenin’s Theorem states that this active network , containing an EMF, may be replaced by
an equivalent circuit Fig. 2. 1 (¢) comprised of an EMF, E in series with a resistance R. The
EMF, E,of this equivalent circuit is the open-circuit voltage of the original circuit measured when
the load,R, ,is disconnected. The resistance, R, is the resistance of the original circuit looking
back into the circuit with the source of EMF set to zero. If this EMF has an internal resistance , the

internal resistance must be included in this calculation of R.
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R. =pf R

(a) (b) (c)

Fig.2.1 Thevenin’s Theorem
(a) Two-terminal network with a load;
(b) Actual internal circuit of the two-terminal network ;

(c¢) Equivalent circuit

Norton’s Theorem states that a two-terminal network can be replaced by an equivalent circuit
of constant-current source in parallel with a resistance. The value of the constant-current source is
the short circuit current developed when the terminals of the original network are shorted. The
parallel resistance is the resistance value measured back into the original network. The usual
constant-current source considered in network theory has the form shown in Fig. 2.2 the constant-
current source delivers an output current,in this case,of 2 A at all times. Its internal resistance of

10 € is in parallel with the constant-current source.

0

R
2A 10 []RL

]
B

Fig.2.2 Constant-current source

If there is no physical loading across the terminals A and B, then the current flows through
this parallel resistance. By Ohm’s Law,the open-circuit voltage (the no load terminal voltage ) is
2 x10,0r 20 V. When an external load is placed across the terminals A and B, the constant

current divides between the two parallel resistances. For example,if the load R, is 10 (),the 2 A
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source current divides equally, giving a load current of 1 A. The circuit voltage is now 10 V. If R,
is zero, that is,if a short-circuit is placed across A and B, the full current of 2 A is the current in
the short-circuit. Now the load voltage is zero.

This discussion suggests that this model of a constant-current source has a correspondence to
the equivalent circuit by Thevenin’s Theorem. Fig.2.3(a) shows a constant-current source,/ in
parallel with an internal resistance ,R. The no load voltage across the terminals is E, given by [R.
When the terminals are shorted, the short-circuit current is /. Examine the equivalent circuit by
Thevenin’s Theorem using these values of £ and R in Fig.2.3(b). The no load open-circuit voltage

is E,and the short circuit current is E/R  which is the same value as the constant-current source.

(a) (b)

Fig.2.3 Equivalent of network theorem

(a) Norton's Theorem; ( b) Thevenin's Theorem

New Words and Expressions

two-terminal network - (2

equivalent circuit SR i

EMF abbr. H1 3% (electromotive force)
load voltage T TEHLE

output current i H LI

in parallel with B esaees SRS

in series with SRR LS

short-circuit ot fHRIH, 4

internal resistance A BH
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Notes to the Text

1. Thevenin’s Theorem states that a two-terminal network can be replaced by an equivalent
circuit of an EMF in series with a resistance. The value of the EMF is equal to the open-circuit
voltage of the original circuit. The series resistance is the resistance value measured back into the
original circuit with all sources replaced by their internal resistances.

UHE T S BRAE Y - — A w24 AT — > B S ORI 5 2 ER K Y e BEL R B OR B AR, Ha Bl
P ELSE T Dl B Y T S e o R K L BEL A B 45 T D6 oL BR B 25 BT A R TR M R i
F) 4 250 FEL BELFL

2. Norton’s Theorem states that a two-terminal network can be replaced by an equivalent
circuit of constant-current source in parallel with a resistance. The value of the constant-current
source is the short circuit current developed when the terminals of the original network are
shorted. The parallel resistance is the resistance value measured back into the original network.

VIE B ) — A " P24 R il — M E IR AN S Z B Y H BH e B OR AL E IR
FE 25 T I — i P 208 A A B el A o K b L B 1T M SRR 2% o il 75 30
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Lesson 3 Three-phase Electric Power

ZHEXiRE

Three-phase electric power is a common method of alternating-current electric power
generation, transmission, and distribution. It is a type of polyphase system and is the most
common method used by grids worldwide to transfer power. It is also used to power large motors
and other heavy loads. A three-phase system is generally more economical than others because it
uses less conductor material to transmit electric power than equivalent single-phase or two-phase
systems at the same voltage. #

In a three-phase system, three circuit conductors carry three alternating currents ( of the
same frequency ) which reach their instantaneous peak values at different times. Taking one
conductor as the reference, the other two currents are delayed in time by one-third and two-thirds
of one cycle of the electric current. This delay between phases has the effect of giving constant
power transfer over each cycle of the current and also makes it possible to produce a rotating
magnetic field in an electric motor.

Three-phase system may have a neutral wire. A neutral wire allows the three-phase system to
use a higher voltage while still supporting lower-voltage single-phase appliances. In high-voltage
distribution situations, it is common not to have a neutral wire as the loads can simply be
connected between phases ( phase-phase connection).

Single-phase loads may be connected to a three-phase system in two ways. Either a load may
be connected across two of the live conductors, or a load can be connected from a live phase
conductor to the neutral conductor. Single-phase loads should be distributed evenly between the
phases of the three-phase system for efficient use of the supply transformer and supply conductors.

The most important class of three-phase load is the electric motor. A three-phase induction

motor has a simple design, inherently high starting torque and high efficiency. Such motors are
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applied in industry for pumps, fans, blowers, compressors, conveyor drives, electric vehicles and

many other kinds of motor-driven equipment.

New Words and Expressions

three phase =#

alternating-current n. AC WL HL I

polyphiss syutsm ARG M

three-phase system =& = A

instantaneous peak value M s W L

rotating magnetic field TE: i3

electric motor ML) ik, L AL

neutral wire S5

single-phase adj. FRAH

three-phase induction AR

inherently adv. [E47

starting torque Jash J1d A shi s, o shl s
blower n. KA, HLTS

compressor n. JESHL; 4L

conveyor n. FiiE L

electric vehicle CRSER |

motor-driven LBl ) 5 LB AILHE B0 Y s LIRS i)

Notes to the Text

1. Three-phase electric power is a common method of alternating-current electric power

generation, transmission, and distribution.

AR AL L A AR o3 L B — b Tk
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2. In a three-phase system, three circuit conductors carry three alternating currents ( of the

same frequency) which reach their instantaneous peak values at different times.

1E ARG, A S = AR RIS R A 2 AL, B 6 7 R R B et 20 e,



