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Chapter

Electric and Electronic
Technology Fundamentals

Unit 1 Electrical Elements and Components

Introduction

Electrical elements are conceptual abstractiond imsthe analysis of electrical networks. Any
electrical network can be analyzed as multiplegrcdnnected electrical elements in a schematic
diagram or circuit diagram, each of which affetis voltage in the network or current through the
network™ These ideal electrical elements represent reaysigdl electrical or electronic
components but they do not exist physically andy thee assumed to have ideal properties
according to a lumped element model. While comptsare objects with less than ideal properties,
a degree of uncertainty in their values and songeedeof nonlinearity, each of which may require a
combination of multiple electrical elements in artieapproximate its function.

Circuit analysis using electric elements is usédulunderstanding many practical electrical
networks using components. By analyzing the wagtavork is affected by its individual elements,
it is possible to estimate how a real network fdhave.

The elements

The four fundamental circuit variables are curréngpltage,V; chargeQ; and magnetic flux,

@. Only 5 elements, produced by manipulating these ¥ariables, are required to represent any
component or network in a linear sys{@m

Two sources:

e Current source, measured in ampereproduces a current in a wire. An ideal current
source is a mathematical model, which real dewiegsonly approach in performance. The current
through an ideal current source is independerief/bltage across it.

e \oltage source, measured in voltsproduces a potential difference across two poits.
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ideal voltage source only exists in mathematicaflei® of circuits. Similarly, the voltage across an
ideal voltage source is independent of the cuttenugh it.
Three passive elements:

e ResistancdR, measured in ohms- produces a voltage proportional to the currentvifhg
through the element. Voltage and current are rlateording to the relation =R - i-.

e Capacitance, measured in farads- produces a current proportional to the rate ohgbka
of voltage across the element. Relates Charge alidge are related according to the relation
g=C-u, i=dg/dt=C--(du/d).

e Inductancd., measured in henries produces a voltage proportional to the rate ohgea
of current through the element. Flux and curremt @lated according to the relatiop="L -i-,
u=dg/dt=L-(d/d).

The Components

A battery provides electromotive force (emf), ortage, in a circuit. It contains layers of
chemicals that cause electrons to move in a cediagction, from its negative pole to its positive
pold?. It is marked with a rating of how much voltagerth is across the two poles, and-gfor
the negative pole and a (+) for the positive pBlatteries may also be marked with an ampere hour
(Ah) rating, indicating total charge capacity.

An ideal battery can thus be represented as ageokaurce. In practice, a battery also has an
internal resistance that is represented as aaasistin series with the voltage source.

If a wire is used to connect the two poles of ddogtelectrons flow through the wire from the
negative end to the positive end. (The wire wiloaget hot because it isn't a perfect conductat, an
the battery will quickly exhaust all its power.)ugha wire can be represented as a low-value resisto

Current sources are often absent from basic ededtduits, and are more likely to be found in
electronic circuits containing semiconductBra=or example, on a first degree of approximateon,
bipolar (junction) transistor may be represente@ lariable current source that is controlled ley th
input voltage.

A resistor is a component whose function is to k&guthe current in the circuit. One common
kind is a little cylinder of graphite with metal s coming out of either end. These are painted
with colored stripes that indicate the resistamt@hms, and the tolerance, in percent. This system
is called the resistor color code.

Another kind of resistor is a filament, which iscail of metal wire that can withstand high
temperature but has a finite resistahic@/hen a current is passed through a filamengat$up because
of this resistance. Filaments are commonly usdar bulbs and heaters. They are marked with the
voltage that should be applied to them, and theepaw watts, that they will then give off as ligind
heat. Due to the effect of heating, a filamentgstance is higher when it is hot than when ibld.c

An electric charge can be stored and then quiedlased by a component called a capacitor.
A common type of capacitor consists of two pieckmetal foil (or plates) with an insulator (the
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dielectric) such as waxed paper between them.

If an electric charge is placed on the plates oipacitor, it will stay there because it can't
cross the insulator to the other plate. If a wir¢hien connected between the two plates, the charge
will flow through the wire to balance the chargestioe opposite plates- the capacitor is then said
to be discharged.

Some capacitors look like a cylinder or blob wittotwires coming out one end, and are
marked to indicate their capacitance (the charge they store per volt) in microfaradgH),
nanofarads (nF) or picofarads (pF).

Inductance in a circuit is provided by componerabied inductors, which are almost always
built from coils of wire. Large values of inductanare obtained by forming the coil around a
magnetic core, such as a lump of iron or ferriteductance is also present in the windings of
electric motors and generators, and to a lessengixt any piece of wire.

Elements vs. components

There is a distinction between real, physical elealtor electronic components and the ideal
electrical elements by which they are represented.

e Electrical elements do not exist physically, ané assumed to have ideal properties
according to a lumped element mddel

e Conversely, components do exist, have less theal jgroperties, their values always have a
degree of uncertainty, they always include somerede@f nonlinearity and typically require a
combination of multiple electrical elements to apgmate their functions.

Lﬁﬂ | echnical Words and Expressions

conceptual adj. A By abstraction n. %
lumped element model % % A UAHAER! are objects with ok
nonlinearity n. A &S charge n. W
magnetic flux FEiE & ideal current source 278 1, 7R
potential difference W £ ideal voltage source #2728,/ R
passive element TR ohm n. BRHE (o FLEAs )
resistance n. w1, [ capacitance n. Bz, WHE
farad n. i (B EAL) inductance n. i, B
henries n. A (dREAL) electromotive force #.3)#
negative pole A positive pole TEAR
exhaust wt. AR, A cylinder n. & AE AR
graphite n. g § colored stripe ZIE7N

h=4

tolerance n. BBz filament n. XA
withstand v. WL, 22ME capacitor n. W, A5
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nanofarad n. gk (42) picofarad n. Bk (32)
inductor n. R3S lump n. P (LAg3)
ferrite n. E7 IS

é{ﬁ N otes

[1] Any electrical network can be analyzed as rpidii interconnected electrical elements in a
schematic diagram or circuit diagram, each of wtafflects the voltage in the network or current
through the network.

VESC: ATAT PR I 20 ST L2 g D T ] i v B ] b 22 A LR K ek T, JF H
—ANTCA RS 5 3] F, 4 2% H ) R S R L

[2] Only 5 elements, produced by manipulating thiege variables, are required to represent
any component or network in a linear system.

PO AR RGP AU T PRARTTA R iT AR A AT s AP AT AT R 2%, T I A
PALTCA AU T IX DY AR A EL 4 o

[3] It contains layers of chemicals that causetetes to move in a certain direction, from its
negative pole to its positive pole.

VL HUIB A TR A s, IR 2 e W N AR BE R AUE 1)z 5

[4] Current sources are often absent from basictrdecircuits, and are more likely to be
found in electronic circuits containing semicondust

PO HRREREAC LR R AR, 2 HUIE S A SRS IR i 7 L 2

[5] Another kind of resistor is a filament, whicha coil of metal wire that can withstand high
temperature but has a finite resistance.

BEC: 3P BH R e 2 v RH, XA i B E i v ) BELAE 1) <65 e 22 20 P A it o

[6] Electrical elements do not exist physically,daare assumed to have ideal properties
according to a lumped element model.

P BUARDTAE AR TR AAAER, B — Pl BUE h B BARR PE R SR B 2 i

L{ﬁ [= xercises
]

I. Trandate the following Chinese into English.

1. (HAD Joft 2. (SRR Joff
3. HR 4, Wik

5. H i 6. H4Im 5

7. HLE 8. HLJEJR

9. HifH 10. HLZ¥

11. LK 12. B

13. V5P 14. 1A

15. £ RS HUCt 16. Hizh#
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I1. 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 particular way.

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

4. On a first degree of approximation, a bipolangistor 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

Unit 2 Network Analysis

Introduction

A network, in the context of electronics, is a ecllon of interconnected components. Network
analysis is the process of finding the voltagessa;rand the currents through, every componehiin t
network”. There are a number of different techniques fbieaing this. However, for the most part,
they assume that the components of the networalidieear. The methods described in this articke a
only applicable to linear network analysis excepéere explicitly stated.

Definitions

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

Node: A point at which terminals of more than twmmponents are joined. A conductor with a
substantially zero resistance is considered totmeda for the purpose of analysis.

Branch: The component(s) joining two nodes.

Mesh: A group of branches within a network joinedas to form a complete loop.

Port: Two terminals where the current into onalentical to the current out of the other.

Equivalent circuits

A useful procedure in network analysis is to sifiyplhe network by reducing the number of
component@]. This can be done by replacing the actual compsnevith other notional
components that have the same effect. A partideldrique might directly reduce the number of
components, for instance by combining impedanceseiies. On the other hand, it might merely
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change the form into one in which the componentsbeareduced in a later operation. For instance,
one might transform a voltage generator into aexurgenerator using Norton’s theorem in order to
be able to later combine the internal resistandbefjenerator with a parallel impedance load.

A resistive circuit is a circuit containing onlysistors, ideal current sources, and ideal voltage
sources. If the sources are constant (DC) soutttesesult is a DC circuit. The analysis of a dircu
refers to the process of solving for the voltaged aurrents present in the circuit. The solution
principles outlined here also apply to phasor asialgf AC circuits.

Two circuits are said to be equivalent with resgech pair of terminals if the voltage across
the terminals and current through the terminalsofoe network have the same relationship as the
voltage and current at the terminals of the otedwork” (Fig.1.2).

a e——— X e — |
* 1y * 5
U, circuit 1 U, circuit 2
b y o

Fig.1.1 Circuit equivalence

If U,=U,impliesl, =1, for all (real) values ol,, then with respect to terminals ab and xy,

circuit 1 and circuit 2 are equivalent.
The above is a sufficient definition for a one-poetwork. For more than one port, then it

must be defined that the currents and voltagesdmatvall pairs of corresponding ports must bear
the same relationshipl. For instance, star and delta networks are effedtivee port networks and
hence require three simultaneous equations to $pkgcify their equivalence.

Impedances in series and in parallel

Any two terminal network of impedances can evemyua¢ reduced to a single impedance by
successive applications of impedances in serieagdances in parallel.
Impedances in seriesZ, =Z,+Z,+---+Z,

. 11 1 1
Impedances in parallel.—=—+—+---+—
eq 1 2 n
N . . _ _ 27,
The above simplified for only two impedances ingiat: Z,, = > 47
1 2

Delta-wye transformation

A network of impedances with more than two termsnahnnot be reduced to a single
impedance equivalent circuit. An n-terminal netwoak, at best, be reduced to n impedances. For a
three terminal network, the three impedances caexpeessed as a three node desfanetwork or
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a four node star (Y) network. These two networles eguivalent and the transformations between
them are given below. A general network with anteaty number of terminals cannot be reduced
to the minimum number of impedances using onlyeseaind parallel combinations. In generaly Y-
and A-Y transformations must also be used. It can bewvshthat this is sufficient to find the
minimal network for any arbitrary network with sessive applications of series, parallelAénd
A-Y; no more complex transformations are requirdd.(F2).

Rab
“Delta” “Star”

Ra - Rc\Rb + RbRc+ R(Ra Ra - RacRab
¢ Rb Rc\c + Rab+ Rbc

Rah - Rc\Rb + RbRc+ RBa Rb - RabRbc
R: Rac + Rab+ Rbc

Rb = RaRb + RbRc+ RBa Rc = RbcRac
¢ Ra Rc\c + Rab+ Rbc

Fig.1.2 Star-to-delta transformation and Deltastar transformation

For equivalence, the impedances between any pderofinals must be the same for both
networks, resulting in a set of three simultaneegsations. The equations below are expressed as
resistances but apply equally to the general cébeimpedances.

Source transformation

A generator with an internal impedance (i.e. nagaldyenerator) can be represented as either
an ideal voltage generator or an ideal current ggoeplus the impedance. These two forms are
equivalent and the transformations are given belbthe two networks are equivalent with respect
to terminals ab, thed andl must be identical for both networks. Thus,

Norton’s theorem states that any two-terminal nekwoan be reduced to an ideal current
generator and a parallel impeda[ﬁ'ce

Thévenin's theorem states that any two-terminalvagk can be reduced to an ideal voltage
generator plus a series impedance (Fig.1.3).

U =R or | =Y
R

u<> v T <D L v

e b

Fig.1.3 Source transformation
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Lﬁ/ﬂ | echnical Words and Expressions

linear network 250 P 24 component n. T, LAt
terminal n. e explicitly adv. B E H, AR
node n. Th, HA mesh n. M 3L

port n. % 1 equivalent circuit EZLR RS
Norton’s theorem T resistive circuit w1, L, P4
phasor analysis A8 AT star and delta networks £ = & W %
simultaneous adj. B B & A4 impedance n. €7

series n. &Ik parallel n. iR

delta-wye transformation=. # £ % # arbitrary adj. (e
successive adj. EE equivalence n. B4, M
source transformation .7 % 4% identical adj. Bl —#), F4H89

Thévenin’s theorem B H TR

[@/ﬂ N otes

[1] Network analysis is the process of finding th@tages across, and the currents through,
every component in the network.

TESC: WS BT — AR M 2 oA b v s St aed 9 2% S rRR A I R

[2] Component: A device with two or more terminadgo which, or out of which, charge may
flow.

P JOPRIE — Tl o 22 s e 4, HLAT ) I B8 1A A B H

[3] A useful procedure in network analysis is tmpiify the network by reducing the number
of components.

FESC: AR b O R A L — b 2 AT A T TV

[4] Two circuits are said to be equivalent with pest to a pair of terminals if the voltage
across the terminals and current through the texisiifor one network have the same relationship
as the voltage and current at the terminals obther network.

VESC: T SR 0 5% 1 g b, M R e ) ) PR 2 TP PRI DR 3R 5 A ) 08 i [ )
Hs AR R FRAH A, XA i ) ) P B 45 280

[5] For more than one port, then it must be defitieat the currents and voltages between all
pairs of corresponding ports must bear the saragigakhip.

FESC: WA DA R 2%, WA e SO AH I s ) B AR R r . F s
KR

[6] Norton’s theorem states that any two-terminafwork can be reduced to an ideal current
generator and a parallel impedance.

P WU B AT i W 2% S A i Ak — A BEAR R — A F LA 3G
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4& [= xercises
@

I. Trandate the following Chinese into English.

1. T 2. X%
3. ML 4. Gl
5. Gk 6. — A
7. L 8. JRIk
9. Wi HE 10. #4E e

I1. Complete the following sentences.

1. Network analysis is the process of finding the across, and though,
every in the network.

2. A useful procedure in network analysis is _to the network by reducing
the of components.

3. A resistive circuit is a circuit containing only , ideal , and
ideal

4. Star and delta networks are effective networks and hence require

simultaneous equations to fully specify their
5. A generator with an (i.e. non-idea generator) can be represented therei
or plus the impedance.

Unit 3 Transistor

Introduction

A transistor is a semiconductor device used to dynghd switch electronic signals. It is made
of a solid piece of semiconductor material, withledst three terminals for connection to an
external circuit. A voltage or current applied toeopair of the transistor’s terminals changes the
current flowing through another pair of termindBecause the controlled (output) power can be
much more than the controlling (input) power, thensistor provides amplification of a sigWaI
Today, some transistors are packaged individuddlyt many more are found embedded in
integrated circuitd.

The transistor is the fundamental building block mabdern electronic devices, and is
ubiquitous in modern electronic systems. Followitgyrelease in the early 1950s the transistor
revolutionized the field of electronics, and pavé way for smaller and cheaper radios,
calculators, and computers, amongst other things.
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Importance

The transistor is the key active component in jically all modern electronics, and is
considered by many to be one of the greatest inenDf the twentieth century. Its importance in
today’s society rests on its ability to be massdpoed using a highly automated process
(semiconductor device fabrication) that achievesrashingly low per-transistor costs

Although several companies each produce over @tilhdividually packaged (known as
discrete) transistors every year, the vast majasityransistors now produced are in integrated
circuits (often shortened to IC, microchips or diynghips), along with diodes, resistors, capacitors
and other electronic components, to produce commkfctronic circuits. A logic gate consists of
up to about twenty transistors whereas an advamieprocessor, as of 2009, can use as many as
2.3 billion transistors (MOSFETSs). “About 60 milfiotransistors were built this year[2002]...
for[each] man, woman, and child on Earth.”

The transistor’s low cost, flexibility, and relidbj have made it a ubiquitous device.
Transistorized mechatronic circuits have replacéect@mechanical devices in controlling
appliances and machinery. It is often easier améjoér to use a standard microcontroller and write
a computer program to carry out a control functiman to design an equivalent mechanical control
function.

Transistor as a switch

Transistors are commonly used as electronic swsicti@ both high power applications
including switched-mode power supplies and low poaygplications such as logic ga{fés

In a grounded-emitter transistor circuit, such las light-switch circuit shown, as the base
voltage rises the base and collector current riggomentially, and the collector voltage drops
because of the collector load resistor. The releggnations:

Urc =l % R, the voltage across the load (the lamp with rest=R. )

Ugre tU=U,., the supply voltage shown as 6V

If U.could fall to O (perfect closed switch) theln could go no higher thatJ ../ R., even
with higher base voltage and current. The transistethen said to be saturated. Hence, values of
input voltage can be chosen such that the outpaittier completely off, or completely on. The
transistor is acting as a switch, and this typepsration is common in digital circuits where only
“on” and “off” values are relevant (Fig.1.4).

Transistor as an amplifier

The common-emitter amplifier is designed so thamall change in voltagéJ(,) changes the
small current through the base of the transistdrthe transistor’s current amplification combined
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with the properties of the circuit mean that snsalings inU;, produce large changes Wyl
(Fig.1.5).

Ry

Fig.1.4 BJT used as an electronic switch Fig.1.5 The common emitter amplifier circuit

Various configurations of single transistor amplifare possible, with some providing current
gain, some voltage gain, and some both.

From mobile phones to televisions, vast numbergrofiucts include amplifiers for sound
reproduction, radio transmission, and signal prsice€. The first discrete transistor audio
amplifiers barely supplied a few hundred milliwattsut power and audio fidelity gradually
increased as better transistors became availablaraplifier architecture evolved.

Modern transistor audio amplifiers of up to a feuntred watts are common and relatively
inexpensive.

Types

Transistors are categorized by

e Semiconductor material: germanium, silicon, gafliarsenide, silicon carbide, etc.;

e Structure: BJT, JFET, IGFET (MOSFET), IGBT, “othigpes”;

e Polarity: NPN, PNP (BJTs); N-channel, P-chann&T$);

e Maximum power rating: low, medium, high;

e Maximum operating frequency: low, medium, highdicafrequency (RF), microwave (The
maximum effective frequency of a transistor is dedoby the termf an abbreviation for
“frequency of transition”. The frequency of traiit is the frequency at which the transistor yields
unity gain);

e Application: switch, general purpose, audio, higltage, super-beta, matched pair;

e Physical packaging: through hole metal, througle Iptastic, surface mount, ball grid array,
power modules;

e Amplification factor hfe (transistor beta). Thusparticular transistor may be described as
silicon, surface mount, BJT, NPN, low power, highogfuency switch.

Packaging

Transistors come in many different packages (semdigctor packages) (see Fig.1.6). The two
main categories are through-hole (or leaded), amthce-mount, also known as surface mount



