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Chapter 1 Fundamentals of Electronics

Text 1 Resistance, Capacitance
and Inductance

Although resistors, capacitors and inductors form important elements in electronic circuitry, it
is essential to know something about resistance, capacitance and inductance.

Resistance A resistor is a two-terminal element. Between its terminals it exhibits a voltage
drop which is directly proportional to the current passing through it. We specify the size of the
resistor in ohms( ()) , which is the ratio of voltage to current. This relationship between voltage
and current, called Ohm’s Law, can be stated in an equation V =IR. Resistors may be classified
as fixed or variable in their type and also as linear and nonlinear.

Resistance is the opposition to the flow of current and is represented by the letter symbol R.
The unit of resistance is the ohm, expressed by using( ). One ohm is defined as that amount of
resistance that will limit the current in a conductor to one ampere when the voltage applied to the
conductor is one volt. Larger amount of resistance are commonly expressed in kilo-ohm(k{}) and
in mega-ohm(M(}).

Capacitance Electrical energy can be stored in an electric field. The device to be capable of
doing this is called a capacitor or a condenser.

A simple condenser consists of two metallic plates separated by a dielectric. If a condenser is
connected to a battery, the electrons will flow out of the negative terminal of the battery and
accumulate on the condenser plate connected to that side. At the same time, the electrons will
leave the plate connected to the positive terminal and flow into the battery to make the potential
difference just the same as that of the battery[ as shown in Fig. 1 —1(a) ]. Thus the condenser is
said to be charged.

The capacitance is directly proportional to the dielectric constant of the material and to the
area of the plates and inversely to the distance of the plates. It is measured in farads(F). When a
change of one volt per second across it causes the current of one ampere to flow, the condenser is

1
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(a) (b

Fig.1 -1 Capacitance and Inductance

said to have the capacitance of one farad. However, farad is too large a unit to be used in radio
calculation, so microfarad(one millionth of a farad) and the picofarad are generally used.

The amount of the stored energy of a charged condenser is proportional to the applied voltage
and its capacitance. The capacitance of a condenser is determined by three important factors,
namely, the area of the plate surface, the space between them and dielectric material.

One of the condensers to be used in radio receiver is a variable condenser, whose capacitance
can be varied by turning the plates. It is used in the receiver for tuning and varying capacitance in
the circuit so as to pick up the desired signals of different wavelengths.

Inductance It is well known that inductors are one of the main building blocks in electronic
circuits. An inductor is simply a coil of wire with or without a magnetic core[ as shown in Fig.
1-1(b)].

All coils have inductance. Inductance is the property of opposing any change of current
flowing through a coil. If a coil offers a large opposition to the current flowing through it at a
certain frequency, it is said to have larger inductance.

When an e. m. f is applied to a coil, there is an induced e. m. f in it. The polarity of the
induced e. m. f is always such as to oppose any change in the current in the circuit. This means
that the property of inductance oppose an increase in current just as much as it opposes a decrease
in current.

A coil of many turns will have more inductance than one of few turns. Also if a coil is placed
on an iron core, its inductance will be greater than it was without the magnetic core. The unit of
inductance is henry. A coil has an inductance of one henry if an induced e. m. f of one volt is
induced in the coil when the current through it changes at the rate of one ampere per second.
Values of inductance used in radio equipment vary over a wide range.
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Technical Words and Expressions

S SIS ST S T P S S PN P S e S >

SIS SIS I S SIS SN >

resistor n. LA R

capacitor n. vLES %
% inductor n. YR §
% resistance n. LA R %
2 capacitance n. 5>F,9%5
4 inductance n. LAY %
% terminal n. S, BB

voltage n. R, R AFH %

linear adj. KRR K8

ohm (o€ 3 %

condenser n CAB A RS §
% dielectric n. VA, %Ak %
% variable adj. TEE é:
4 wavelength n. ¥ 1
% accumulate V. 3 ¢
2 charge V. F A ¢
% discharge v. p &2 %
% neutrality n. P %
2 frequency n. WA, £ %
4 reactance n. L 4
% proportional adj. AR LA 8 §
4? plate n R %
g equation n. X, 8% §
! specify vt. HFE, H LA %
% farad n. %8 %

mold n. BT, HH 1
% coil v &%, 8 §
% henry n. ¥ #| (henries £ %) @%

be directly proportional to =T AR IE

A e e e e e e e T e e T T DD D D DD D DD D D T TN D D D D



AN P SN S S S S S

be termed E ALEEEEE 5 I ATIER w]
in the form of Feeenee #7 X,
voltage drop AR %
Ohm’s Law B A 6
3 electromotive force(e. m. f) LR %
Ziuilding block M4 (AR EH)
@@M@@@@@MNWM@@W@@@M@@@MM\\‘Q\

‘a1 otes

1. Between its terminals it exhibits a voltage drop which is directly proportional to thé current
passing through it.
FEERYPIRE BT 2B b R AE S R MRIE . AN E A4, % R which 3]
FE M A, passing through it RIULESMALGIEIEE B, B the current, B4 Wit T A
Wio

2. At the same time, the electrons will leave the plate connected to the positive terminal and flow
into the battery to make the potential difference just the same as that of the battery.
MY , FEL A5 e s TE AR 25 A 0 TR S AR DR P o, P e o7 25, B 26 T o e J
fH
at the same time [F]AY, f§ 24T meanwhile,,
AEAMIE to make. . . that of the battery 45 RIE , Hrb that 15 the difference,

3. The capacitance is directly proportional to the dielectric constant of the material and to the area
of the plates and inversely to the distance of the plates.
RS EAR SN R/ E BB PRGEFRRIE L, 5FARE R BT .
be directly proportional to 5------ FRIEH,
be inversely proportional to H------ B

4. When an e. m. f is applied to a coil, there is an induced e. m. f in it.
YR B RINFELR B i, 2% BB h it £ A R BT L B8

5. Values of inductance used in radio equipment vary over a wide range.
FIT T4 v 84 i s BB ZE R RV B A k.
used in radio equipment B33 X4MAIAEIE, VB /G BEIE, 81 values of inductance,
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7 Exercises

" EEEEEREEERNEXE NN ICIE B B2 B B BE B B I B I 2 B B B2 2E 2L N B S B IR A B A 2 B

I. Fill in the missing words according to the text.

1. Capacitor’s basic function is to store energy. A is a device designed to have
capacitance. '

2. The capacitance of a is determined by three important factors, namely, the area of
the surface, the space between them and dielectric material.

3. A small inductance would provide less at the same frequency, and resistance offers
an opposition to all current flow.

4. Also if a coil is placed on an its inductance will be greater than it was without the

core.

II. Translate the following sentences into English.

1. a7 BELAY B3 20 88 2 R PR AT R T B &2 JB P BUM LY
2. R HEANTEANEBRELTIMNEEMERNER,
3. B R BN R F A

Reading

Resistor

A resistor is a two-terminal electronic component designed to oppose an electric current by
producing a voltage drop between its terminals in proportion to the current, that is, in accordance
with Ohm’s Law: V = IR. The resistance R is equal to the voltage drop V across the resistor
divided by the current / through the resistor.

Resistors are used as part of electrical networks and electronic circuits. Fig. 1 — 2 shows
resistor symbols.

Units

The ohm (symbol: ) is the SI unit of electrical resistance, named after Georg Ohm. The
most commonly used multiples and submultiples in electrical and electronic usage are the
milliohm, ohm, kilohm, and megohm.

On circuit diagrams the value may be written in “SI Notation” with the multiplier replacing
the decimal point, so “2k5” means 2.5 kilo ohms.



:
}

Potentiometer Potentiometer

. Variable Resistor Variable
Resistor » Resistor
Resistor

Resistor Symbols (American) Resistor Symbols (Europe, IEC)
(a) (b)

Fig.1 -2 Resistor Symbols

Power Dissipation
The power dissipated by a resistor is the voltage across the resistor multiplied by the current

through the resistor ;
2R -1V V2

All three equations are equivalent. The first is derived from Joule’s Law, and the other two
are derived from that by Ohm’s Law.
The total amount of heat energy released is the integral of the power over time :

W= f’ o(2)i(t)de

If the average power dissipated is more than the resistor can safely dissipate, the resistor may
depart from its nominal resistance, and may be damaged by overheating. Excessive power
dissipation may raise the temperature of the resistor to a point where it burns out, which could
cause a fire in adjacent components and materials.

Series and Parallel Resistors ° -
Resistors in a parallel configuration each have the same potential
difference ( voltage ) (Fig. 1~3). To find their total equivalent R, R,

resistance (Req) :

1 _1+1+ +1 Fig.1 -3 In Parallel
Req —Rl R2 Rn
The parallel property can be represented in equations by two vertical lines “ " (as in

geometry) to simplify equations. For two resistors,
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Ru =Ry | Ry =52
: R; +R,

The current through resistors in series stays the same (Fig. o AAM—AA—---- AMA—o
1-4), but the voltage across each resistor can be different. The R R R,
sum of the potential differences ( voltage) is equal to the total Fig.1-4 In Series

voltage. To find their total resistance ;
Ry =R, +Ry +-"+R,
A resistor network that is a combination of parallel and series can sometimes be broken up
into smaller parts that are either one or the other(Fig.1 -5). For instance,

R\R,
Req=(Rl | Ry) +Rs =R1 +R, +Ry

Four-Band Resistors (Fig.1 -6)

N

\.‘\\H

N\, @

N\ a%‘@\

%\ N\
v N

5

\ \\ b %
3 resistors &
Fig.1-5 Combination of Fig.1 -6 Four-Band Resistors

Parallel and Series

Four-band identification is the most commonly used color-coding scheme on all resistors. It
consists of four colored bands that are painted around the body of the resistor. The first two bands
encode the first two significant digits of the resistance value, the third is a power-of-ten multiplier
or number-of-zeroes, and the fourth is the tolerance accuracy, or acceptable error, of the value.
Sometimes a fifth band identifies the thermal coefficient, but this must be distinguished from the
true 5-color system, with 3 significant digits.

For example, green-blue-yellow-red is 56 x 10* Q +2% = 560 kQ + 2%. An easier
description can be as follows: The first band, green, has a value of 5 and the second band, blue,
has a value of 6, and is counted as 56. The third band, yellow, has a value of 10*, which adds
four 0’s to the end, creating 560 000 ) at +2% tolerance accuracy. 560 000 () changes to
560 kQ +2% (as a kilo is 10°).

Each color corresponds to a certain digit, progressing from darker to lighter colors, as shown
in the chart below.




| Color |1 band | 2 band | 3 band (multiplier) | 4™ band (tolerance) | Temp. Coefficient |

Yellow ~4

| Green 5

|

| None +20% (M)

SMT Resistors
Surface mounted resistors are printed with numerical values in a code related to that used on
axial resistors. Standard tolerance Surface Mount Technology (SMT) resistors are marked with a
three-digit code, in which the first two digits are the first two significant digits of the value and the
third digit is the power of ten (the number of zeroes). For example .
“334” =33 x 10,000 ohms =330 kilohms
222”7 =22 x 100 ohms =2. 2 kilohms
“473” =47 x 1,000 ohms =47 kilohms
“105” =10 x 1,000,000 ohms =1 megohm

Resistances less than 100 ohms are written: 100,220,470. The final zero represents ten to the
power zero, which is 1. For example .

“100” =10 x1 ohm =10 ohms
“220” =22 x 1 ohm =22 ohms

Sometimes these values are marked as “10” or “22” to prevent a mistake.

Resistances less than 10 ohms have “R” to indicate the position of the decimal point ( radix
point). For example .
“4R7” =4.7 ohms
“OR22” =0.22 ohms
“OR01” =0.01 ohms
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Precision resistors are marked with a four-digit code, in which the first three digits are the
significant figures and the fourth is the power of ten. For example:
“1001” =100 x 10 ohms =1 kilohm
“4992” =499 x 100 ohms =49.9 kilohms
“1000” =100 x 1 ohms =100 ohms

Capacitor

A capacitor is a passive electrical component that can store energy in the electric field
between a pair of conductors ( called “plates” ). A capacitor’s ability to store charge is measured
by its capacitance, in units of farads. Fig. 1 — 7 shows various capacitor examples and circuit

symbol.
Capacitor Symbols
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Fig.1 -7 Various Capacitor Examples and Circuit Symbol
(a) Various Capacitor Examples; (b) Circuit Symbol
Capacitors are often used in electric and electronic circuits as energy storage devices. They
can also be used to differentiate between high-frequency and low-frequency signals. This property

makes them useful in electronic filters.

Capacitance
A capacitor’s ability to store charge is measured by its capacitance C, the ratio of the amount

of charge stored on each plate to the voltage:

g=0Cv
For an ideal parallel plate capacitor with a plate area A and a plate d separation:
_&A
T d




