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Resistors are the most commonly used components in electronics, and their
purpose is to create specified values of the current and voltage in a circuit. A number of
different resistors are shown in the photos below (The resistors are put on the paper
about a millimeter thick, which are spaced out 1 cm apart to give some idea of the
dimensions). Fig. 1.1.1 shows some low-power resistors, while Fig. 1.1.2 shows some
high-power resistors. Resistors with power dissipation below 5 watt (most commonly
used types) are cylindrical in shape, with a wire protruding from each end for
connecting to a circuit (Fig. 1.1.1). Resistors with power dissipation above 5 watt are
shown below (Fig. 1.1.2).

Fig. 1.1.1 Some low-power resistors Fig. 1.1.2 High-power resistors and rheostats

The symbol for a resistor is shown in Fig. 1.1.3 (The R
upper: American symbol, and the lower: European symbol). "

The unit for measuring resistance is the OHM (the @~——[ __  }—
Greek letter Q—called Omega). Higher resistance values Fig. 1.1.3  Resistor symbols
are represented by “k” (kilo-ohms) and M (megohms). For example, 120,000 Q is
represented as 120 k, while 1,200,000 Q is represented as 1.2 M. The dot is
generally omitted as it can easily be lost in the printing process. In some circuit
diagrams, a value such as 8 or 120 represents a resistance in ohms. Another
common practice is to use the letter E for resistance in ohms. The letter R can also

be used. For examples, 120 E (120 R) stands for 120 Q, and 1E2 stands for 1R2,
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etc.

Resistor markings

Resistance value is marked on the resistor body. Most resistors have 4 bands. The
first two bands provide the numbers for the resistance, and the third band provides the
number of zeros. The fourth band indicates the tolerance. Tolerance values of 5%, 2%,
and 1% are most commonly available.

Tab. 1.1.1 shows the colors used to identify resistor values.

Tab. 1.1.1 Resistor values

COLOR DIGIT MULTIPLIER TOLERANCE ™
Silver x0.01 Q +10%
Gold x0.1 Q +5%
Black 0 x1Q
Brown 1 x10 Q +1% +100x1075/K
Red 2 x100 Q2 +2% +50x10-6/K
Orange 3 x1 kQ +15%1075/K
Yellow 4 x10 kQ +£25%107¢/K
Green 5 %100 kQ +0.5%
“‘Blue 6 x]1 MQ +0.25% £10x1079/K
 Violet 7 x10 MQ +0.1% +5x10-/K
Grey 8 %100 MQ
White 9 x1 GQ +1x10-%/K

A common resistor has 4 bands. It is shown in Fig 1.1.4 (a). The first two bands
indicate the first two digits of the resistance; the third band is the multiplier (the
number of zeros that is to be added to the number derived from the first two bands); the
fourth represents the tolerance.

Marking the resistance with five bands is used for resistors with tolerance values
of 2%, 1% and other high-accuracy resistors. The first three bands determine the first
three digits, and the fourth is the multiplier, and the fifth represents the tolerance
(Fig. 1.1.4 (b)).

(D TC — Temp. Coefficient, only for SMD devices.
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For SMDs (Surface Mounted Devices), the available space on the resistor is very

small. 5% of resistors use a 3-digit code, while 1% of resistors use a 4-digit code.

 R-68-100 Q+10%
. R-68kQ/10%

For E12 and E24 series For E48 and E96 series ‘ W
R-12-0.1 Q+5%
First digit First digit R-1.2 Q/5%

Second digit Second digit = :
l J——Multiplier Third digit L G
Tolerance Multiplier e Tl =
fi= s Tolerance ; gﬁ»
"""" :  R-274-100 Q+1%
R-27.4kQ/1%

120 kQ/5% :
274 kQ/1%
b)

(@) ( A ‘
s (I

B—Second digit A—TFirst digit L kg 4007
[J]]m C—Third digit B—Second digit . B i

ABCDEF D—Multiplier C—Number of zeros R POMICY
634 /1% E—Tolerance ABC
: F—Temperature e 470 Q II
Coefficient i R
R-68 000
(© @ R—68 kQ
O

Fig. 1.1.4 Resistors
(a) A four-band resistor; (b) A five-band resistor; (c) A cylindrical SMD resistor;
(d) A flat SMD resistor; (¢) Examples

Some SMD resistors are made in the shape of small cylinder while the most
common type is flat. Cylindrical SMD resistors are marked with six bands — The first
five bands are “read” as with common five-band resistors, while the sixth band
determines the Temperature Coefficient (TC), which gives us a value of resistance
change upon 1-degree temperature change (Fig. 1.1.4 (¢)).

The resistance of a flat SMD resistor is marked with digits printed on their upper
side. The first two digits are resistance values, while the third digit represents the
number of zeros (Fig. 1.1.4 (d)). For example, the printed number 683 stands for 68,000.
That is 68 k.

For some electrical circuits, the resistor tolerance is not important, and it is not
specified. In that case, resistors with 5% tolerance can be used. However, devices
which require resistors to have a certain amount of accuracy need a specified

tolerance.
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Resistor dissipation

If the flow of current through a resistor increases, it heats up. And if the
temperature exceeds a certain critical value, it can be damaged. The wattage rating of a
resistor is the power it can dissipate over a long period of time.

Wattage rating is not identified on small resistors. Fig. 1.1.5 shows the dimensions

and wattage rating.

025W

: |2.2mm

9X9X 50 (mm)

Fig. 1.1.5 Resistor dimensions

Most commonly used resistors in electronic circuits have a wattage rating of
1/2 W or 1/4 W. There are smaller resistors (1/8 W and 1/16 W) and higher ones (1 W,
2 W, 5 W, etc). In place of a single resistor with specified dissipation, another one with
the same resistance and higher rating may be used, but its larger dimensions increase
the space taken on a printed circuit board as well as the added cost.

Power (in watts) can be calculated éccording to one of the following formulae,
where U is the symbol for Voltage across the resistor (and is in Volts), and 7 is the
symbol for Current in Amps, and R is the resistance in ohms:

P=UI
P=RI?
2
e
R

For example, if the voltage across an 820 Q resistor is 12V, the wattage

dissipated by the resistors is:
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=%=%=0.176 (W) =176 mW
In this case, a 1/4 W resistor can be used. In many cases, it is not easy to |
determine the current through or voltage across a resistor. In this case the wattage
dissipated by the resistor is determined for the “worst” case. We should assume the
highest possible voltage across a resistor, i.e. the full voltage of the power supply ‘
(battery, etc). |
If we mark this voltage as Uy, the highest dissipation is:
_Us
R ‘1
For example, if Ug=9 V, the dissipation of a 220Q resistor is:

92
P=——=368 (mW)

P

In this case, a 0.5 W or higher wattage resistor should be used.

resistor
component
electronics
current
voltage
circuit
power
dissipation
resistance
ohm
tolerance
cylindrical
multiplier
formula
wattage
battery
wattage rating

power supply

four-band resistor

220

[ri'zista]
[kem'paunant]
[ilek'troniks]
['karant]
['vaultid3]
['sa:kit]
[paus]
[disi'peifan]
[ri'zistans]
[eum]
['tolerans]
[si'lindrik(a)l]
['maltiplaia]
[formjule]
['wotid3]
[beetari]

TECHNICAL WORDS AND PHRASES
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SMD (Surface Mounted Device) F B R B A
printed circuit board PP AR &, 35 AR
NOTES

Resistors with power dissipation below 5 watt (most commonly used types) are
cylindrical in shape, with a wire protruding from each end for connecting to a
circuit.

B HFEMT SRR (RFEAGER) ARERY, A BeFaA
kiR,

&) ¥ “with a wire protruding from” M AKE .

Power (in watts) can be calculated according to one of the following formulae,
where U is the symbol for Voltage across the resistor (and is in Volts), and 7 is the
symbol for Current in Amps, and R is the resistance in ohms.

FL AE (REAR) TAATEAXT O —ANRHE, £+ URSMRAH
QERGFT (BEHK), [RBEHZIFAGVARNGHT, RASE ARG G
ML AFT .

8] ¥ “where” 7|-FIFFRAIMEEIEMNG .,

EXERCISES

. Translate the following words into English.

B 2. H
ThE A FE 4. VEBhARPH AR
I EE 7Nz N 6. MR
BUE ThE 8. HIE

II. Complete the following sentences.

1=

Most resistors have bands. The first two bands provide the numbers for
the and the third band provides the number of
. Some SMD resistors are made in the shape of small while the most

common type is

. If the flow of current a resistor increases, it heats up. And if the

temperature a certain critical value, it can be damaged.

. Power (in watts) can be calculated according to one of the following formulae,

where U is the symbol for Voltage the resistor (and is in Volts), and [/ is

the symbol for in Amps, and R is the resistance in
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Supplementary Reading

Reading 1 Capacitors

Capacitors are the common components of electronic circuits, used almost as
frequently as resistors. The basic difference between the two is the fact that capacitor
resistance (called reactance) depends on the frequency of the signal passing through the
item. The symbol for reactance is X, and it can be calculated using the following
formula:

o
2xfC
in which frepresents the frequency in Hz, and C represents the capacitance in Farad.
For example, 5 nF-capacitor’s reactance at /=125 kHz equals:
|

X = === 250 £€))
2x3.14x125000x5x10
while it is at f=1.25 MHz, it equals:
e o 1 S o550
2x3.14x1250000x5x10

A capacitor has an infinitely high reactance for direct current, because f=0.

Capacitors are used in circuits for many different purposes. They are common
components of filters, oscillators, power supplies, amplifiers, etc.

The basic characteristic of a capacitor is its capacity — the higher the capacity is,
the higher the amount of electricity it can hold will be. Capacity is measured in farads
(F). As one farad represents fairly high capacity, smaller values such as microfarad
(pF), nanofarad (nF) and picofarad (pF) are commonly used. As a reminder, relations
between the units are:

1 F=10° uF=10° nF=10"? pF
That is, 1 pF=1,000 nF and 1 nF=1,000 pF. It is essential to remember this notation, as
same values may be marked differently in some circuits. For example, 1,500 pF is the
same as 1.5 nF, and 100 nF is 0.1 uF. A simpler notation system is used with resistors.
If the mark on the capacitor is 120, the value is 120 pF. 1n2 stands for 1.2 nF. n22
stands for 0.22 nF, while .1 p (or .1 u) stands for 0.1 pF.

Capacitors come in various shapes and sizes, depending on their capacity, working
voltage, type of insulation, temperature coefficient and other factors. All capacitors can

be divided into two groups: one with changeable capacity values and the other with
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fixed capacity values. These will be covered in the following chapters.

Block-capacitors

Capacitors with fixed values (the so-called block-capacitors) consist of two thin
metal plates (these are called “electrodes” or sometimes called the “foil”), separated by
a thin insulating material such as plastic. The most commonly used material for the
“plates” is aluminum, while the common materials used for insulator include paper,
ceramic, mica, etc. after which the capacitors get named. A number of different
block-capacitors are shown in Fig. 1.1.6. A symbol for a capacitor is in the upper right

corner of the figure.

Fig. 1.1.6 Block capacitors

Most of the capacitors, block-capacitors included, are non-polarized components,
meaning that their leads are equivalent in respect of the way the capacitor can be
placed in a circuit. Electrolytic capacitors represent the exception as their polarity is
important.

Marking the block-capacitors

Commonly, capacitors are marked by a set of numbers representing the capacity.
Beside this value is another number representing the maximal working voltage, and
sometimes tolerance, temperature coefficient and some other values are printed as well.
But on the smallest capacitors (such as surface-mount) there are not markings at all,
and you must not remove them from their protective strips until they are needed. The
size of a capacitor is never an indication of its value as the dielectric and the number of
layers or “plates” can vary from manufacturer to manufacturer. The value of a capacitor
on a circuit diagram, marked as 4n7/40 V, means the capacitor is 4,700 pF, and its
maximal working voltage is 40 V. Any other 4n7 capacitor with higher maximal

working voltage can be used, but they are larger and more expensive.
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Sometimes, capacitors are identified with colors, similar to the 4-band system
used for resistors (Fig. 1.1.7 and Tab. 1.1.2). The first two colors (A and B) represent
the first two digits, and the third color (C) is the multiplier, and the fourth color (D) is
the tolerance, and the fifth color (E) is the working voltage.

With disk-ceramic capacitors (Fig. 1.1.7 (b)) and tubular capacitors (Fig. 1.1.7 (¢))
working voltage is not specified, because these are used in circuits with low DC voltage.
If a tubular capacitor has five color bands on it, the first color represents the temperature

coefficient, while the other four specify the capacity in the previously described way.

A First digit
B ——— B Second digit

N Maltiplier
X D Tolerance

E Voltage

B C

(a) (b)
Fig. 1.1.7 Marking the capacity using colors

Tab. 1.1.2 Capacitor values

COLOR DIGIT MULTIPLIER | TOLERANCE VOLTAGE
' 0 x1 pF +20%
1 x10 pF +1%
2 %100 pF +2% 250 V
3 x1 nF +2.5%
4 x10 nF 400 V
5 x100 nF +5%
6 x]1 uF
7 x10 pF
 Grey 8 x100 pF
White 9 x1,000 pF +10%

Fig. 1.1.8 and Tab. 1.1.3 show how the capacity of miniature tantalum electrolytic
capacitors is marked by colors. The first two colors represent the first two digits and
have the same values as with resistors. The third color represents the multiplier, to get
the capacity expressed in pF. The fourth color represents the maximal working voltage.
A First digit
B Second digit

C Multiplier
D Voltage

470 uF/20 V 2.2 uF/6.3 V

Fig. 1.1.8 Marking tantalum electrolytic capacitors

,“,_‘___‘“_
i



