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Electric and Electronic Technology Fundamentals

Unit 1 Electrical Elements and Network

The concept of electrical elements is used in the analysis of electrical networks. Any
electrical network can be modeled by decomposing it down to multiple, interconnected
electrical elements in a schematic diagram or circuit diagram!"l. Each electrical element affects
the voltage in the network or current through the network in a particular way. By analyzing the
way a network is affected by its individual elements, it is possible to estimate how a real
network will behave on a macro scale.

Elements vs. components

There is a distinction between real, physical electrical or electronic components and the

ideal electrical elements by which they are represented.

e Electrical elements do not exist physically, and are assumed to have ideal properties
according to a lumped element model.

e Conversely, components do exist, have less than ideal properties, their values always
have a degree of uncertainty, they always include some degree of nonlinearity and
typically require a combination of multiple electrical elements to approximate their
functions.

Circuit analysis using electric elements is useful for understanding many practical electrical
networks using components.
The elements

The four fundamental circuit variables are current, /; voltage, U; charge, O; and magnetic
flux, @,,. Only 5 elements are required to represent any component or network by manipulating
these four variables.

Two sources:

e Current source, measured in amperes

charge according to the relation dQ = — Idt.
e Voltage source, measured in volts

produces a current in a conductor. Affects

produces a potential difference between two
points. Affects magnetic flux according to the relation d®,, = Udt.

Three passive elements:

e Resistance R, measured in ohms

produces a voltage proportional to the
current flowing through it. Relates voltage and current according to the relation
dU = Rdl

e (Capacitance C, measured in farads

produces a current proportional to the rate of
change of voltage across it. Relates charge and voltage according to the relation dQ =
Cdu.
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e [Inductance L, measured in henries

produces a voltage proportional to the rate of
change of current through it. Relates flux and current according to the relation d®,, =
Ldl

Examples

The following are examples of representation of components by way of electrical elements.

e On a first degree of approximation, a battery is represented by a voltage source. A
more refined model also includes a resistance in series with the voltage source, to
represent the battery's internal resistance (which results in the battery heating and the
voltage dropping when in use). A current source in parallel may be added to represent
its leakage (which discharges the battery over a long period of time).

e On a first degree of approximation, a resistor is represented by a resistance. A more
refined model also includes a series inductance, to represent the effects of its lead
inductance'™ (resistors constructed as a spiral have more significant inductance). A
capacitance in parallel may be added to represent the capacitive effect of the proximity
of the resistor leads to each other. A wire can be represented as a low-value resistor.

e Current sources are more often used when representing semiconductors. For example,
on a first degree of approximation, a bipolar transistor may be represented by a
variable current source that is controlled by the input voltage.

Electrical network

An electrical network is an interconnection of electrical elements such as resistors,
inductors, capacitors, transmission lines, voltage sources, current sources, and switches.

An electrical circuit is a network that has a closed
loop, giving a return path for the current (Fig.1.1). A
. ,C) R [] network is a connection of two or more components, and
may not necessarily be a circuit.

Electrical networks that consist only of sources (voltage
or current), linear lumped elements (resistors, capacitors,
inductors), and linear distributed elements (transmission
lines) can be analyzed by algebraic and transform methods to determine DC response, AC
response, and transient response.

—
1

Fig.1.1 A simple electric circuit

A network that also contains active electronic components is known as an electronic

circuit. Such networks are generally nonlinear and require more complex design and analysis
tools.

}:@ Technical Words and Expressions

electronic [ilek'tronik] adj. T
electrical [i'lektrik(a)I] adj. HLIK, R
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element [‘elimant] n. Jult

network ['netwa:k] n. Mg, BARY)

model ['madl] n&v. FR, BEE; fEee----BORHE

decompose [di:kem'pauz] vt. a2

multiple ['maltipl] adj. ZFER), ZEM

schematic [ski'meetik] adj. 7 e T F

diagram ['daiagreem] n. BFe, KR, BE, ~HE

circuit ['sa:kit] n. FHL %

schematic diagram e

circuit diagram F, % P&

macro ['maekrau] adj. BERKi, KEMFERHTK

component [kem'paunant] n ot H GH)

lumped element model e ISP LR vl

nonlinearity [inonlini'zeriti] n. |26

approximate [a'proksimeit] adj. & v. LAY, KEAR; B, ik

variable ['veariabl] n. A

current ['karant] n. R/

voltage ['vaultidz] n. [HET] #HE, REEE

charge [t[a:d3] n M7, Z8H

magnetic [maeg'netik] adj. Wiy, ARETER, BWE K

flux [flaks] n. (] i, @&

current source LY 5

ampere ['eempea(r) ] n. ZhE

conductor [ken'dakta] n. (%] S4k

voltage source H e U5

potential [pa'ten[(a)l] adj. & n. # 1), LLf); HAL

potential difference B 2

passive [peesiv] adj. ToIE I

resistance [ri'zistans] n. FFH, PFHBL

ohm [aum] n. (Y] B4

proportional [pra'po:[anl] adj. (B0 EYLLpIf), (Heeeee- ) A
I (to)

capacitance [ka'peesitans] n. AE, HE

farad [feerad] n. [H] vhdr (AL

across [e'kros] prep. ¥

inductance [in'daktans] n. HL K

henry ['henri] n. R CRIREALD

representation [reprizen'teifen] n. FoNTk

approximation [a.proksi'meifan] n. B0 EfME; ik
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battery [beetori] n FL i
series ['sieri:z] n () HEE (D
parallel [peeralel] n (H) FFEE
leakage [li:kid3] n. W, s, B
discharge [dis't[a:d3] V. CH) Ji (HD
lead [li:d] n S
spiral ['spaiaral] n. Rk
capacitive [ka'peesitiv] adj. HLAC N
proximity [prok’'simiti] n. AL
semiconductor ['semikan'dakta] n. (] £S5k
bipolar [bai'paula] adj. HEWK, X
transistor [treen'zista] n. [HTF] S
switch [swit]] n. K
loop [lu:p] n. =] 2%
distributed [dis'tribju:tid] adj. A
algebraic [ield3i'breiik] adj. REH
transform method AR ik
response [ris'pons] n. M) J&.
transient ['treenziant] adj. B B (1)
active [‘eektiv] adj. HIRM

';' S Notes

[1] Any electrical network can be modeled by decomposing it down to multiple, interconnected
electrical elements in a schematic diagram or circuit diagram.

VESCR s ATART o I 2 AT S 0 S e Ay Jir B R e R o 22 AR LR R I HL Ao, SR
SIARRY

)9 any electrical network 1 A 4F] B 45 .

[2] A more refined model also includes a series inductance, to represent the effects of its
lead inductance.

BESCh : TEORSHA I RIE R S AT SRR LR, T SRR 7 HL R 5 2 v (1) PR
f1]7F to represent... A H KIARIE .

\ ? * Exercises

I . Mark the following statements with T (true) or F (false) according to the text.
1. Each electrical element affects the voltage in the network or current through the
network in a particular way. ( )
2. There isn’t a distinction between real, physical electrical or electronic components and
the ideal electrical elements by which they are represented. ( )
3. Components do exist, have some ideal properties. ( )
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4. Voltage source, measured in volts——produces a potential difference between two
points. ( )

5. Current sources are more often used when representing conductors. ( )
II. Complete the following sentences.

1. The concept of is used in the analysis of

2. Each electrical element affects the in the network or through the
network in a particular way.

3. Resistance R, measured in —— produces a voltage the current
flowing through it.

4. On a first degree of approximation, a bipolar transistor may be represented by a
that is controlled by the

5. A network is a connection of or components, and may not necessarily be

a

Reading 1 Circuit Diagram

A circuit diagram (also known as an electrical diagram, wiring diagram, elementary
diagram, or electronic schematic) is a simplified conventional pictorial representation of an
electrical circuit. It shows the components of the circuit as simplified standard symbols, and
the power and signal connections between the devices. Arrangement of the components
interconnections on the diagram does not correspond to their physical locations in the finished
device.

Unlike a block diagram or layout diagram, a circuit diagram shows the actual wire
connections being used. The diagram does not show the physical arrangement of components.
A drawing meant to depict what the physical arrangement of the wires and the components
they connect is called "artwork" or "layout" or the "physical design".

Circuit diagrams are used for the design (circuit design), construction (such as PCB
layout), and maintenance of electrical and electronic equipment.

Legends

On a circuit diagram, the symbols for components are labelled with a descriptor (or
reference designator) matching that on the list of parts. For example, C1 is the first capacitor,
L1 is the first inductor, Q1 is the first transistor, and R1 is the first resistor (note that it isn't
written R1, L1,...). The letters that precede the numbers were chosen in the early days of the
electrical industry, even before the vacuum tube (thermionic valve), so "Q" was the only one
available for semiconductor devices in the mid-twentieth century. Often the value or type
designation of the component is given on the diagram beside the part, but detailed
specifications would go on the parts list.
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Symbols (Fig.1.2)

Circuit diagram symbols have differed from country to country and have changed over
time, but are now to a large extent internationally standardized. Simple components often had
symbols intended to represent some feature of the physical construction of the device. For
example, the symbol for a resistor shown here dates back to the days when that component was

made from a long piece of wire wrapped in such a manner as to not produce inductance, which

would have made it a coil. These wire-wound resistors are now used only in high-power

_H_ Diode

—] — Capacitor
(00 Inductor
—1— Resistor

— ’.*'_ DC voltage

source

AC voltage
source

applications, smaller resistors being cast from
carbon composition (a mixture of carbon and filler)
Nandgate  or fabricated as an insulating tube or chip coated
with a metal film. The internationally standardized

And gate

Or gate
symbol for a resistor is therefore now simplified to

Hrgs an oblong, sometimes with the value in ohms

Xor gate written inside, instead of the zigzag symbol. A less
common symbol is simply a series of peaks on one

Inverter
(Notgate)  gjde of the line representing the conductor, rather

Sttt

Fig.1.2 Circuit element symbols than back-and-forth as shown here.

Linkages

The linkages between leads were once simple crossings of lines; one wire insulated from

and "jumping over" another was indicated by it making a
little semicircle over the other line. With the arrival of
computerized drafting, a connection of two intersecting
wires was shown by a crossing with a dot or "blob", and
a crossover of insulated wires by a simple crossing
without a dot. However, there was a danger of confusing
these two representations if the dot was drawn too small
or omitted. Modern practice is to avoid using the
"crossover with dot" symbol, and to draw the wires
meeting at two points instead of one. It is also common
to use a hybrid style, showing connections as a cross
with a dot while insulated crossings use the semicircle.

Several styles of schematic wire junctions are shown in
Fig.1.3.

<

(a) (b)

Fig.1.3 Schematic wire junctions

(a) connection; (b) no connection

Technical Words and Expressions

wiring diagram Lk K
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elementary diagram JRBE
pictorial adj. SN
power n. YR
arrangement n. A5, A )=
layout diagram A B
depict vt. ik, W5
artwork A
physical design A B et
construction n. aiE
legend n. Kl 5l
descriptor n. IR FF
vacuum tube A
thermionic valve WETE, AP TE
specification n. kg, UL
wrap V. &, YL
cast V. s
carbon composition x4 5
filler n. H AR
fabricate V. il &
insulating tube it S=d
metal film B
oblong n. KI5 %
zigzag n. PR TE
peak n. gl
back-and-forth KlalH, 5
linkage n. pUZE 7
crossing n. X, R
draft vt. wit
blob n. [
crossover n. X
hybrid adj. AW
semicircle n. A TE
junction n. B, A, XA, Lak
@) Comprehension

1. A circuit diagram is also known as an electrical diagram,

A. wiring diagram B. elementary diagram

C. electronic schematic D. all
2. Unlike a block diagram or layout diagram, a circuit diagram shows the wire

connections being used.
A. virtual B. actual C. approximate D. physical
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3. According to the text, the distinction between a block diagram and a circuit diagram is
that
A. a block diagram can show the physical arrangement of components
B. a circuit diagram can show the physical arrangement of components
C. a circuit diagram shows the actual wire connections being used
D. a block diagram shows the actual wire connections being used
4. According to the text, which of the following description about circuit diagram is
right?
A. Arrangement of the components interconnections on the diagram does correspond to
their physical locations in the finished device.
B. There is no distinction between a circuit diagram and a layout diagram.
C. A circuit diagram can show the physical arrangement of components.
D. Circuit diagrams are used for the design (circuit design), construction (such as PCB
layout), and maintenance of electrical and electronic equipments.
5. The internationally standardized symbol for a resistor is therefore now simplified

to , sometimes with the value in ohms written inside.
A. a semicircle B. an oblong
C. a triangle D. a circle

Unit 2 Network Analysis

A network, in the context of electronics, is a collection of interconnected components.
Network analysis is the process of finding the voltages across, and the currents through, every
component in the network. There are a number of different techniques for achieving this.
However, for the most part, they assume that the components of the network are all linear. The
methods described in this article are only applicable to linear network analysis except where
explicitly stated.

Definitions

Component: A device with two or more terminals into which, or out of which, charge may flow.

Node: A point at which terminals of more than two components are joined. A conductor
with a substantially zero resistance is considered to be a node for the purpose of analysis.

Branch: The component (s) joining two nodes.

Mesh: A group of branches within a network joined so as to form a complete loop.

Port: Two terminals where the current into one is identical to the current out of the other.

Equivalent circuits

A useful procedure in network analysis is to simplify the network by reducing the number
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of components. This can be done by replacing the actual components with other notional
components that have the same effect. A particular technique might directly reduce the number
of components, for instance by combining impedances in series. On the other hand it might
merely change the form in to one in which the components can be reduced in a later operation.
For instance, one might transform a voltage generator into a current generator using Norton's
theorem in order to be able to later combine the internal resistance of the generator with a
parallel impedance load.

A resistive circuit is a circuit containing only resistors, ideal current sources, and ideal
voltage sources. If the sources are constant (DC) sources, the result is a DC circuit. The
analysis of a circuit refers to the process of solving for the voltages and currents present in the
circuit. The solution principles outlined here also apply to phasor analysis of AC circuits.

Two circuits (see circuit 1 and circuit 2 in Fig.1.4) are said to be equivalent with respect to
a pair of terminals if the voltage across the terminals and current through the terminals for one
network have the same relationship as the voltage and current at the terminals of the other

network "1,

e wpm— X

oo T

Uy Circuit 1 U Circuit 2
be—m-r ] yo———

Fig.1.4 Circuit equivalence

If U, = U, implies I, = I, for all (real) values of U, then with respect to terminals ab and
Xy, circuit 1 and circuit 2 are equivalent.

The above is a sufficient definition for a one-port network. For more than one port, then
it must be defined that the currents and voltages between all pairs of corresponding ports
must bear the same relationship'*. For instance, star and delta networks are effectively three
port networks and hence require three simultaneous equations to fully specify their
equivalence.

Impedances in series and in parallel

Any two terminal network of impedances can eventually be reduced to a single impedance
by successive applications of impedances in series or impedances in parallel.

Impedances in series: Z, =Z,+Z,++**+Z,
Impedances in parallel: Ny +L Froes
Z Z

n

eq 1

The above simplified for only two impedances in parallel: Z_ oo, Hih

1 2

Source transformation

A generator with an internal impedance (ie non-ideal generator) can be represented as



