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b PART 1

Electrical and Electronic
Engineering Basics

UNIT 1

A Electrical Networks

An electrical circuit or network is composed of elements such as resistors, inductors, and
capacitors connected together in some manner. If the network contains no energy sources, such as
batteries or electrical generators, it is known as a passive network. On the other hand, if one or
more energy sources are present, the resultant combination is an active network. In studying the
behavior of an electrical network, we are interested in determining the voltages and currents that
exist within the circuit. Since a network is composed of passive circuit elements, we must first
define the electrical characteristics of these elements.

In the case of a resistor, the voltage-current relationship is given by Ohm’s law, which states
that the voltage across the resistor is equal to the current through the resistor multiplied by the value
of the resistance. ' Mathematically, this is expressed as

u=iR (1-1A-1)
where u = voltage,V ; i = current, A ; R = resistance , ().

The voltage across a pure inductor is defined by Faraday’s law, which states that the voltage
across the inductor is proportional to the rate of change with time of the current through the inductor.

Thus we have
u:L% (1-1A-2)
where di/dt = rate of change of current,A/s; L =inductance H.
The voltage developed across a capacitor is proportional to the electric charge ¢ accumulating on
the plates of the capacitor. Since the accumulation of charge may be expressed as the summation,

or integral, of the charge increments dg, we have the equation
1
u=fjdq (1-1A-3)

where the capacitance C is the proportionality constant relating voltage and charge. By definition,
current equals the rate of change of charge with time and is expressed as i = dg/dt. Thus an
increment of charge dq is equal to the current multiplied by the corresponding time increment, or

dg=idt Eq.(1-1A-3) may then be written as
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w=-r [ ide (1-1A-4)
where C = capacitance, F.
A summary of Egs. (1-1A-1), (1-1A-2) and (1-1A-4)
for the three forms of passive circuit elements is given in i 3 J_*
Fig. I-1A-1. Note that conventional current flow is used; ‘1 a ii F Il o
hence the current in each element is shown in the direction of B B T_

decreasing voltage. g =iR w =Ldi{dr u.=(1/C) Iid‘

Active electrical devices involve the conversion of energy i=/R i=(l/ L)I“Ld’ i=Cdu/dt
to electrical form. For example, the electrical energy in a 8) b) ©)
battery is derived from its stored chemical energy. The Fig 1-1A-1  Passive circuit elements
electrical energy of a generator is a result of the mechanical a) Resistor b)) Inductor ¢) Capacitor
energy of the rotating armature.

Active electrical elements occur in two basic forms : voltage sources and current sources. In their
ideal form, voltage sources generate a constant voltage independent of the current drawn from the
source. The aforementioned battery and generator are regarded as voltage sources since their voltage
is essentially constant with load. On the other hand, current sources produce a current whose
magnitude is independent of the load connected to the source. Although current sources are not as
familiar in practice, the concept does find wide use in representing an amplifying device, such as
the transistor, by means of an equivalent electrical circuit. Symbolic representations of voltage
source and current source are shown in Fig. 1-1A-2.

A common method of analyzing an electrical network is mesh or loop analysis. The fundamental
law that is applied in this method is Kirchhoff’s first law, which states that the algebraic sum of the
voltages around a closed loop is O, or, in any closed loop, the sum of the voltage rises must equal
the sum of the voltage drops. Mesh analysis consists of assuming that currents—termed loop
currents—flow in each loop of a network, algebraically summing the voltage drops around each
loop, and setting each sum equal to 0.

Consider the circuit shown in Fig. 1- 1A- 3a, which consists of an inductor and resistor
connected in series to a voltage source e. Assuming a loop current i, the voltage drops summed

around the loop are

—e+uy +u, =0 (1-1A-5)
+
2Ol (T I
= | |C =
N - | .
Uc
a) b) a) b)
Fig. 1-1A-2  Voliage source and current source Fig. 1-1A-3  Series circuits containing R, L and C

a) Voltage source b) Current source
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The input voltage is summed negatively since, in the direction of assumed current, it
represents an increase in voltage. The drop across each passive element is positive since the current
is in the direction of the developed voltage.

Using the equations for the voltage drops in a resistor and inductor, we have

L$+Ri=e (1-1A-6)

Eq. (1-1A-6) is the differential equation for the current in the circuit.

It may be that the inductor voltage rather than the current is the variable of interest in the circuit. '~

As noted in Fig. 1-1A-1, ¢ -3 u, dt . Substituting this integral for i in Eq. (1-1A-6) gives

uL+%fu,.dt=e (1-1A-7)
After differentiation with respect to time, Eq. (1-1A-7) becomes

deL R de

S A s

which is the differential equation for the inductor voltage.
Fig. 1-1A-3b shows a series circuit containing a resistor, inductor, and capacitor. Following

the mesh-analysis method outlined above, the circuit equation is

&i oo A o
LS+ R+ fldl—e (1-1A-9)

Recalling that current i = dg/d¢, a substitution of this variable may be made to eliminate the

integral from the equation. The result is the second-order differential equation

network n. P45, HLEE aforementioned adj. FIRE, AR
resistor n. HLFH#S represent o, U, Fn, H
inductor n. Hi/EAR amplify v JK

capacitor n. FLZEHE symbolic adj. 5, IE5H
passive network  JGUR M 4% mesh n. L

active network £ I 4% Kirchhoff's first law J&/RERE —EfH
characteristic adj. FFtE (19); n FEPEMZE | loop current  [BIESHLIR

Ohm n. KRR voltage drop  Hi JEF#

Faraday n. ¥EP05 in series EREK

electric charge HLfaf differential adj. 509 n. 5
integral n. F4r variable n. 7%

increment n. & outline n. FEE; v - OE:=t
armature n. FNX, FTEk, JnfE eliminate ». JHBE, XM
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$° NOTES

[1] In the case of a resistor, the voltage-current relationship is given by Ohm’s law, which

states that the voliage across the resistor is equal to the current through the resistor multiplied by the
value of the resistance.

BUH PR UL, M — HRLE AR i R R R, B E TR M . R B P A B 55 T
A B 3AE A A e YA 3fe LA R PELEL

in the case of; Hf----- HKeihd, Bheoweo mie

in case (of): &N, —; fE---BIHFHT

in that case: f4, BESREIFHE

in this case: FEZREIXHEE

in any case: JGISW{T, 22

in all case: FL—VIHFORITIE

[2] It may be that the inductor voltage rather than the current is the variable of interest in the
circuit.

BCFLEHL R | AR A 78 e 2 SR PR T AN 2 rL AR L U

M rather than N; & M A& N

of interest: FAHMEMT; ENBOGERAT; HE XM

B Three-Phase Circuits

A three-phase circuit is merely a combination of three single-phase circuits. Because of this
fact, current, voltage, and power relations of balanced three-phase circuits may be studied by the
application of single-phae rules to the component parts of the three-phase circuit. Viewed in this
light, it will be found that the analysis of three-phase circuits is little more difficult than that of

single-phase circuits .
Reasons for Use of Three-Phase Circuits

In a single-phase circuit, the power is of a pulsating nature. At unity power factor, the power

. . . . " 2
in a single-phase circuit is zero twice each cyele'™

When the power factor is less than unity, the
power is negative during parts of each cycle. Although the power supplied to each of the three
phases of a three-phase circuit is pulsating, it may be proved that the total three-phase power
supplied a balanced three-phase circuit is constant. Because of this, the characteristics of three-
phase apparatus, in general, are superior to those of similar single-phase apparatus.

Three-phase machinery and control equipment are smaller, lighter in weight, and more
efficient than single-phase equipment of the same rated capacity. In addition to the above-mentioned
advantages offered by a three-phase system, the distribution of three-phase power requires only three

fourths as much line copper as does the single-phase distribution of the same amount of power.
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Generation of Three-Phase Voltages

A three-phase electric circuit is energized by three alternating emfs of the same frequency and

differing in time phase by 120 electrical degrees. Three such

; ; ; E E B £y
sine-wave emfs are shown in Fig. 1-1B-1. These emfs are
generated in three separate sets of armature coils in an AC
generator. These three sets of coils are mounted 120 electrical
o

degrees apart on the generator armature. The coil ends may all

be brought out of the generator to form three separate single-

phase  circuits. However, the coils are  ordinarily

. . : . Fig. 1-1B-1 Three sine-wave

interconnected either internally or externally to form a three-wire o .- el
emfs differing in phase by 120

or four-wire three-phase system. electrical degrees are used for
There are two ways of connecting the coils of three-phase energizing a three-phase circuit

generators, and in general, there are two ways of connecting devices of any sort to a three-phase

circuit. These are the wye-connection and the delta-connection. Most generators are wye-connected ,

but loads may be either wye-connected or delta-Connected.
Voltage Relations in a Wye-Connected Generator

Fig. 1-1B-2a represents the three coils or phase windings of a generator. These windings are so
spaced on the armature surface that the emfs generated in them are 120° apart in time phase. Each
coil ends lettered S and F (start and finish). In Fig. 1-1B-2a, all the coil ends marked S are
connected to a common point N, called the neutral, and the three coil ends marked F are brought
out to the line terminals A, B, and C to form a three-wire three-phase supply. This type of
connection is called the wye-connection. Often the neutral connection is brought out to the terminal

board, as shown by the dotted line in Fig. 1-1B-2a, to form a four-wire three-phase system.

Ey = EntEg
A bo -/
B L
S1C
N
a) b)
Fig. 1-1B-2  a) Connection of the phase windings in a wye-connection generator

b) Conventional diagram of a wye-connection

¢) Phasor diagram showing the relation between phase and line voltages

The voltages generated in each phase of an AC generator are called the phase voltages ( symbol
E,). If the neutral connection is brought out of the generator, the voltage from any one of the line

terminals A, B, or C to the neutral connection N is a phase voltage. The voltage between any two of
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the three line terminals A, B, or C is called line-to-line voltage or, simply, a line voltage ( symbol
EL) .

The order in which the three voltages of a three-phase system succeed one another is called the

phase sequence or the phase rotation of the voltages. This is determined by the direction of rotation
of the generator but maybe reversed outside the generator by interchanging any two of the three line
wires (not a line wire and a neutral wire).

It is helpful when drawing circuit diagrams of wye connection to arrange the three phases in the
shape of a Y as shown in Fig. 1-1B-2b. Note that the circuit of Fig. 1-1B-2b is exactly the same as
that of Fig. 1-1B-2a, with the S end of each coil connected to the neutral point and the F end
brought out to the terminal in each case. After a circuit diagram has been drawn with all

intersections lettered, a phasor diagram may be drawn as in Fig. 1-1B-2c. The phasor diagram

shows the three phase voltages E,y, Euy, and E., which are 120° apart.
It should be noted in Fig. 1-1B-2 that each phasor is lettered with two subscripts. The two

letters indicate the two points between which the voltage exists, and the order of the letters indicates

the relative polarity of the voltage during its positive half-cycle. For example, the symbol E
indicates a voltage between the points A and N with the point A being positive with respect to point
N during its positive half-cycle. In the phasor diagram shown, it has been assumed that the
generator terminals were positive with respect to the neutral during the positive half-cycle. Since the
voltage reverses every half-cycle, either polarity may be assumed if this polarity is assumed

consistently for all three phases. It should be noted that if the polarity of point A with respect to
N ( £,y) is assumed for the positive half-cycle, then K, when used in the same phasor diagram
should be drawn opposite to, or 180° out of phase with, £’

The voltage between any two line terminals of wye-connected generator is the difference between
the potentials of these two terminals with respect to the neutral. For example, the line voltage E ,,
is equal to the voltage A with respect to neutral ( £ ,,) minus the voltage B with respect to neutral
(Eg). To subtract EBN from EAN , it is necessary to reverse EBN and add this phase to E,y. The
two phasors E, and E,, are equal in length and are 60°apart, as shown in Fig. 1-1B-2¢. It may be

shown graphically or proved by geometry that E ,, is equal to 1. 73, multiplied by the value of either

E An OF E xg- The graphical construction is shown in the phasor diagram. Therefore, in a balanced

wye connection

E, =1.73E,

Current Relations in a Wye-Connected Generator

The current flowing out to the line wires from the generator terminals A, B, and C

(Fig. 1-1B-2) must flow from the neutral point N, out through the generator coils. Thus, the current



