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ELECTRICITY
1, mtroduction

All tatter is composed of atoms. There are about one hundred different types of atom
known so far. Each atorm comprises a central nucleus surrounded by electrans, rather
jike the sun and the planets. The number of electrons orbiting the nucleus determines
the property of the atem. The simplest atom is hydrogen which has only one electron,
whilst copper has twenty-nine electrons surrounding its nucleus.

Each electron carries a hegative charge of electricity and this negative chargs is
balanced by an equal positive charge in the nuclsus. For every electron with its
negative charge the nucleus contains an equal and opposite positive charge so that the
atom, as a whole, is electrically neutral. . .

The elecirens can. in suitzble circumstances, move from one atom to another so thatan
atorn with an additional electran will have an overall négatiw:: charge and the atom with
an aelectron short will have an overall positive charge.

The steady mavement of electrons in an electrical conductor constitutes an elecinc
current.

2. The Chemizal effect of an elsetic current

During the passage of an electric current through metals, there is generally no change
in the nature of the conducting metals, but some conductars are chemically changed by
the passage of an electric current. Solutions of acid in water are decompozad. The
chamical effects of an electric currant are utilised in electroplating and accumulators.

3 The Heating effzct of an elactrc current

When the electric current flows throuah a substance which has a resistance to the flow
of electric current, that substance hecomes heaied, The substance, usualy a metal, i5
known as g rosistance and when in the form of wire as resistance wire.

The immersion heater comprises a length of mineral insulated cable in which the
conduciors arc resistance wires. An electric fire element is a coil of resistance wire on 2
heatproof insulating rod. A lighting bulb has a very fine resistance wire known as lhe
filament. The filament heats up under the effect of the eleclric current unlil it bocomes
incandescent and emits light. The filament is protected from burning out by enclosing it
in & sealad glass bulb which is either evacuated or filled with an inef gas.

4, Magnetic effect of an elactric current

An electric current flowing through a conductor produces a magnetic fizld around that
conductor. Similady, if o conductor is movad through a magnetic fizld a voltage is
developed which will cause a current to flow if the ends of the conductor are iined to an
external circuit :



CONDUCTORS AND INSULATORS

1.

Irtroduction

A previous lecture stated that an electric current was a steady movement of electrons
moving from atom to atom. These electrons, under the influence of a difference of
potential, leave one atom and move to another atom, the total movement of glectrons
consfituting an electric current.

The movement of electrons is towards the positive potential.
Conductors

In a conducter the electrons are not very firmly attached to the central nucleus and are
normally interchanging between atoms in a random manner. A small difference of
potential will cause this interchange ta be in one direction and so an electric current will
flow. 4

Insulators

An insulator is a material composed of atoms in which the electron is firmly attached to
the nucleus. With an insulator the application of potential difference will cause the
electrons to strain in their orbits but not to be detached. As an interchange of electrons
cannot take plage there can be no movement of electrons around the cirewit and
consequently no flow of electric current.

Resistances

A resistance is a comparatively poor conducter. 1t is still a conductor as.an electric
current can, and does, flow through a resistance.

All conductors have a certain amount of resistance to the fiow of an electric current but
in general the term resistance refers to a conductor specially chosen for its resistivity
such as nichrome wire used as the heafing elements of electric fires, Nichrome wire
has 70 times the resistivity of copper.



Material Resistivity Features
(ohm-metre) -
Silver 16x 10"
Copper 1.7 x10° Good conductors
Aluminium 2.65x10°
Nickel 7.24x10°
Iron 9.4 x 107 Used as
Manganin 45 x 10°® Resistance
Nichrome 108 x 10° ~elements
Carbon 33-185x 10°
Germanium 0.5
Silicon 2 x 107
Glass 10"
Mica 10" Used In
Polythene ™ insulators
Polystyrene 10"®
Conductors Insulators
Silver GGlass
Copper Rubber
Gold Sulphur
Platinum Polystyrene
Tin Polypropylene
Steel Nylon
Lead Paraffin wax
lron Epoxy resin
Nickel Polyvinylchloride (PVC)
Brass Woad (dry)
Bronze Paper
Aluminium Perspex
Zinc s Cork




ELECTRICAL UNITS

1. Introduction
There are four electrical units that the electronic wireman will frequently meet.

They ars the Volt, the Ampere, The Ohm and the Watt

2. The Vot

The valt is the unit of potential difference. The difference in electrical pressure befween
any two points in an electrical circuit is measured in voits.

When a mains socket is said to have a voltage of 240 volts it means that a potential
ditference of 240 volts exists across the pins in the sockat. An electric. Lamp is said to
be a 240 volt lamp when the maximum difference of electrical potential that may be
safely applied to the lamp is 240 volts.

When a voltage is applied to a complete electrical circuit this difference of potential will
cause an electric current to flow through the circuit, The symbol for voltage is V.

3. The Ampere

The quantity of electricity flowing in a circuit is measured in Amperes (Amps.). For any
circuit an increase in applied voltage will cause a.? increase in curment, The symbol for
current is L

4. The Chm

The Ohm is the unit of electrical resistance., The opposition, or resistance, that an
electrical circuit offers to the flow of current is known as the resistance of that circuit and
is measured in Ohms. The symbol for resistance is R,

5. The Watt

The Watt is the unit of power. The work done by an electric currentin a load depends
on the voltage across the load and the current flowing through the load,  The symbol far
the Wafi is W.

Watts = Volts x Amps.
Example
What is the lowest safe value of fuse for a 1,000 watt (1KW) electric fire when the supply
voltage is 240 volts?

W=lIxV
v
= W i I=1000 |= 4167 amps, The fuse should be rated at SAMDE.
W 240 A

If the electricily board charges 1p per unit (1 Kilowatt hour) what is the cost of running the
electrs fire for three hours?
Cost= Kilowatts x Time x Cost perunit. =1x3x1=3p.



. Unit multiples and sub-multiples ; N
Large numbers can be casily cxpressed by index notation. Ipstead of writing out all the
noughts of a large number, the number of noughts can be witten as a poWer of ten.

Number Number Faclorised Number of | Number in Index
Into tens tens | Notation
10 10x 1 11 1024:|r 10"
100 10 % 10 i 11:|?J
1,000 10 %10 x10 3 1{11|
10,000 10 % 10 x 10 x10 4 10
100,000 10xi0x10x10x10 5 10°
1,000,000 10x10x10x10x10x10 |6 10°
- and so on
Examples: 10,000 = 10*
15,000 = 1.5 x 10*
100 = 10°
1,000,000 = 10° )
107,000 = 1.07 x 107
150 = 1.5 x 10° ‘ _
Fractions can also be expressed iri1 index notation by putﬁ?g a minus in front of the index.
P = 1 =i
Fraction 10 10
Fie cammeid o =HHF
100 100
1 = 1 =10
1000 10°
j S 1 10"
10,000 10°
AT o100
100,000 10°
S 1 =a®
1,000,000 BT

The metric system is used for expressing multiples and sub-mulliples of primary units

G = Giga = 10° Examples: 1 MV is 1,000,000 or 10%Volts

M = Mega = 107 1 k0 is 1,000 or 10° Ohms

k = kilo = 107 1utis __ 1 or 10®-arads
¢ =centi = 107 1,000,000

m = milli = 107

1 = micro = 10° .
n = nano = 107

wp or p = micro microor pico = 107

L
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CABLES AND WIRES

El.ren the most sophisticated
and modern manufacunng
techniquessmployed today in
the constrection of cleclranic
equipment have nat eliminated
the necd for basic poini-to-point
wiring, &0 an understanding of
the many different ypes, sizes
and uses of wire is essential,
particulary o those of us who
purzue clecironics as a hobby
and the wiring forms an
important pari of many a
project,

CQUIPMENT WIRE

Equipment wire is the type that
is wsed for the wiring of
efectronic chassiz, front panels
and circult boards, and is
usually sheathed with pv.c.ora
smitar insulator. 1t can be
divided Into a further two
categaories; single stranded, that
i @ single copper conductor
sheathed with pavoc and rmulli-
strandad with more than one
copper condustor grouped
ingether and again sheathod
with par.a.

Whhen describing equipment
wire, two figures are quated, the
first being the number of
conductors in the wire and the
second being the diameter in
millimetras ol each conduslorn in
that wire. So for example, a
140.6 wire has one conductar
0.8mm ir diameter whereas a
Ti0.2 wire has seven smalker
conduciors, each of 0.2mm
diameder. Tablo 2, on the nosd
page, gives the data on the
popular sizes of cguipment wire
avaiable

Single-strandcd cquipgmoent
wire must never be usad in
applicatons whers the wire is
lioaly to be continually flexed"
back and forth a= this will
evenfoally fraciune L copper
and the wira will brazk.

The idaal application for the
single strandad wire is chassis
and p.oc.b. wiring, &5 once in
place it will not be required to
e we Mlox

MULTI-STRANDED WIRE

in the casas whore the waras in
a piece of equipment do gat
subjected to a fair amount of
flexing, as in a cabie farm or in
front panal to dreuit board
wiring, a multi-stranded wire of
the comecl voltage and curant
rating must be used. Dus to the
nature of multi-stranded wire, it
is abie to bend monz often
without breaking and 0 lends
itzelf to this type of wifing.

|n instances where the wire will
be frequently moved aboul, as
for example, with a test probe, 8
wire with a larga numnber ofaeny
small diametar slrands and an
exiremely pliable pv.c. shaath
is used, the exampée in Table 2
being the 55/0.1 wirs,

Examplas of equipment wirs:
(1) U0.6 {2) 702 {3) 55A31

WIRE PREPARATION

I order to make a successful
solder foint with a piece of wire,
it must first be stripped of its
in=ulation for aboud G to 10mm;,
anid in the case of muti-
stranded wires, the individual
strands must be twisted
togethar and tinned, thus
making a ngid enough end o
form a qood mechanical jaint
prior fo soldering.

TABLE 1

S0LID COPPER WIRE DATA
SIZE HOMINAL DIA. jmm)
5.w.g toow. ecw. |

16 1.62 1.73

18 1.22 1.31

20 0.81 T

22 0.71 0.73

24 0.56 0.63

2% 0.45 .53

tew. - tinned copper wire

_c.c.w. - enamelled copper wire |

The stripping of the insulation
iz bost performed with a special
wire stripping plier, these being
sel carefully to the comect depth
of cut to emsure that only the
ouder sheath is removed.
Should the strippers damage
one or more of the strands o
nick the conducior, the end
must be cropped off and the
wire prepared ance again as
any weakness in 1ha wine cose
fa the joint will almosl cerlalnby
fail.

A wire must never be puiled
tao tight and & good “nde of
thumb is to allow enowgh slack
al both ends to complately
remaks the joint shoukd e
equipment ba modified or
senviced.

SOLID WIRE

Another type of wire tha home
constrecior will encountor |15
solid copper wire of both the
tinned and enamalied varatics.
a single copper conduclor
precoated with solder, supplicd
in sizas cocresponding to the
Standard Wire Gauge (s.w.g.}
shown In Tade 1. A typical
application of Lo, being finks
on stripboard where a 20 or 22
S, wire would be used.

The enamefied copper wire
[e.cow) also measwed in 5wy
Iz a lithe more specialised, ils
prime application being in
wound companants
(transfommers, chokas, olo).
The enamal coaling provides
insulation to prevent adjacent
windings from shording ocul on
one anpther and st b
soraped off to make a
sloressful solder joinl,



TAELE 2 FQUIPMENT WIRL BGATA

EI%F MAXL RATING DESCRIFTICIN TYRICAL APFLICATIONS
1/0. 25:nim 160Vems. 04 A 25"C  Silver plated copper, Kynar inzulated,  Suitzble for wire wiapping
.08 0.5mm diametar, oniy.
a ) TSR

10 6mm (1.28mmy VIS TEA@ T0C  Tinned copper, pv.c, insulaled, 1. 2mm Rigid witing of electronic
dim, equipment {chassis, p.cb

10401 TELmE 05 A @ 70'C  Tinned copper, stranded, pv.c. Ty

(0 0&mm’) insulated, 1.05mm diametsr

o Zmm (B22mmY) TeVems, 14 A YOS Tinned copper, stranded. py.c
insulated, 1.2mem dameter. \Wiring of electronic

tEOZmm D EmmY 1EVIME 3.0 A @ TS Tinned copper, slianded, pv.c equipmant where a dogrec
insulated, 1.Gmm ciameter. 7 flexing of the wires is

240 2mim: 1RVLms 4.5 A @ 70°C  Tinned copper, stranded. pv.c expected, (front panels,

{0, TEmm") insulatod, 2 .0mm diameter, external components),

smo2mmil0mmY 1kVEms 80 A@ TG Tinned copper, strandsd, nv e

: Inzulated, 2 Smm diamsiar. B,
S50 mim GEIVD.c. (500Va.s.), Tinnaed copper, stranded, pliabic, pyv.e,  Wary flaxible for leg leads
{B43mm’) 254 @ T0°C insulated, 2. Smm diamstsr. and probes.

Effactive cross sectional areas of the canductars are given in parentheses in the first cotumin



PVC POLYTHENE AND PTFE EQUIPMENT WIRES

wWires are widely used for the interconnection of companznts and equipmant in the electranics
industry and elsewhere.
In the elettronics industry PTFE wire is mainiy used far Mimstry Slandards.

Reasons: For:-
Higher insulation properties. \
Does not burn.
Langer life expectancy.
Against:-
More expensive,
PVC AND POLYTHENE EQUIPMENT WIRES DEF 120
[Conduetor o .
Approximate | Mumber and Wall thickness | Diameter overall | Diameter overall
AWG size |  diameter of wires : [ |-
mm | inch mm__ |inch | mm inch ~mm | inch
F\C (hard grade thin wall) Type 1, 750 volt ac rms
= 2T 10376 | 10148 [ 020 (0008 [ 083 | 0033 - -
| 22 1/0.61 024 | 020 | 0008 | 1.06 0.042 5 =
i 24 710193 | 70076 | 020 | 0.008 | 104 | 0041 | - -
P"JC {hard grade medium wall) Types 2, 25, 25M. 1,000 volt ac rms
27 | 10,376 1/0.148 | 030 | 0012 | 1.04 0.041 . =
[ 22 | /061 | 1024 | 030 | 0012 1.27 | 0.050 - -
12 | 1/0.914 1/0.35 ] 030 | 0012 | 157 | 0.062 : = |
24 | 70193 | 70075 | 030 | 0012 134 | 0053 1.80 0071 |
21 | 14/0.183 | 140076 | 030 | 0012 | 162 0.0e4 2.08 0.082 |
i | 23/0193 | 23/0076 | 046 | 0018 | 218 | 0086 2.54 0.104 |
PVE (gencra. purpose thick wa[u Typas 3, 35, 1,500 volt ac rms |
22 061 | 10024 | 046 | 0.018 | 162 | 0.084 -
18 10112 | 1/0.044 | 048 | 0018 | 213 | 0088 | - =
21 14/0.193 | 14/0.0076 | 061 | 0.024 | 2,13 I 0084 | 2.5% 0.102
18 23/0193 | 23700076 | 061 | 0.024 | 243 | 0096 | - .
16 40/0.193 | 40/00076 | 061 | 0.024 | 272 | 0107 | 317 | 0.125
: 14 700,193 | TOO00VE | 061 | 0.024 | 3.20 | 0.126 - P
| Palythens (general purpose) Types 4, 48 =
' 19 10194 | 10036 | 046 | 0018 183 | 0076 | 238 | 0.094
21 [14/0.193 [ 14/0.00768 | 061 | 0024 | 213 0.054 2.98 | 0102
| PVC Types 7,8, 8.
21 14/0.0076 | 14/0.0076 | 088 [ 0035 | 276 | 0109 | - -
29 1400, "|_Q§ 14/0.0076 | 165 | 0088 | 429 0169 = z
19 23/0.193 | 2300076 | 3.04 | 0120 751 | 0296 | - -
| Types 10, 11, 12, 135, :
| 18 2310193 | 23/0.0076 | 234 [ 0170 | 10.00 | 0.386 | !
21 14/0.193 | 14/0.0076 | 115 | 0045 | 330 | 0128 -
21 10737 | 10028 | 203 | 0.0B0 | 497 | (.185 : S
21 10737 |_1/0.025 | 3.31 [ 0.130 | 750 | 0.299 =]

=



STATIC CHARGE

With Micro Electronics' effects of stalic in I0's may be invisible to the naked eye, but
just because we cannot see the damage does not mean it does not exist.

Deqradation caused by electro static discharge (ESD) to electronic components may
not show up on test. All IC's are sensitive to static discharge; it is only the threshald
atwhich damage occurs that varies.

In 1984 independent American research estimated that the electronics industry
losses directly attributed to ESD amounted to $18bn. This may have been a
conservative estimate as the figure was based on gnly 40% of indusiry sales and
was projected on a survey of around 50 electronics companies. It is unfikely that
these figures have changed, due to Industry demanding sa much more from
clectrical praducts through the 80's,

We cannot afford to ignore the problem, assuming a 0.5% damage to IC's
{remember that is unscen damage which may be degradation or catastrophic failure)
with an average of 5 Printed Circuit Boards (PCB) per system that equals 10%
defective systems. Every year other industries report losses of millians of pounds
due to ESD causing plant and production losses, ESD also causes industrial
equipment to fall; electrostatic sparks cause fires, explosions and injury. Many
industries have suffered including NASA in 1964 when scientists [ost their lives.
Health and Safety Executive statistics show 50 major incidents in the UK each year,

SO WHAT CAUSES STATIC

Static electricily is generated by friction and separation of man-made materials,
which is called tribo-clectric generation. Electrons are transferred from one material
to the other leaving both materials charged

Since electrons have a negative charge, the material which acguires electrons is lafl
negatively charged while the one which surrenders eiccirons becomes positively
charged. The Triboelectric series is ofien used in explaining static electricity. The
chart below shows materials that create Posilive and Negative charges.

+ (POSITIVE) Human hand — Human hair — Fur - Silk — Paper - Cotion — \Wood —
Nylon —Waool — Rubber = Rayon ~ Polyester — Polythene — PVC (Vinyl)
- (NEGATIVE) — Silicon

PREVENTION IS THE BEST CURE

We can hoar static between 2000 and 3000 volis and see static at 5000 volts. ith
relative-humidity at 10 to 20%, a person walking across a carpat can generate 35000
wolts, acrass a vinyl floor 12000 volts and a worker at a bench 6000 valis. As
technology demands more, IC's can be damaged by ss litlle as 10 volls. This can
happen at any time from handling due to incoming inspactions, stores. kitting, PGB
assembly, auto insertion, wave scldering, test, rework or shipping the final goods.



By eliminating as many materials that generate static ahd ensuring that you take
static precautions at the workstation, during material handiing, use static
measurement and monitoring cquipment, and most importantly train staff to be
aware of ESD problems, ESD related damage will then be reduced to a minimum,
impraving product quality and increasing profitability.

STANDARDS OF BS EN 100 0151

Greated by the relative maotion of two dissimilar matarials in contacl, electrostatic
discharges have been a part of the natural warld from time immemerial. Indeed man
has been aware of the catastrophic effects of electrostatic since he witnessed the
first bholt of lightning.

Whilst charges below 3500 volts can destroy sensitive components within the
glectronics environment, these everyday charges often go unnoficed because they
cannot be felt by humans.

Much of what the Standard is designed to control is, therefore, intangible and
congeguently its introduction must be supported with constant vigilance and
adequate operator training in order to ensure that the danger to ESD's are fully
undersiood.

The original need for a Standard becames apparent in the late 1960's with the
increasing usage of MOS devices in modern electronics. With the advent of large
scale integration (LS1) and very LSI (VLSI), came sensitivity to electrostatic charges,
Soon the electronics industry was demanding mere and more compact componenis
until even the most basic items were sensitive to electrostatic charges,

S0 BEWARE - WEAR YOUR ANTI-STATIC BAND



RESISTORS

PURPOSE
TO RCDUCE R LIMITED THE CURRENT FLCW N A CIRCLIT
. SYMBEOL TYPE WIRE ENDS GGOD CONDUCTOR
. o
—| - —Licemeon |=—— = E Cmuora%éé:
[ [ L —&—
HEW INSIDE
“('I 1 CARBON POOR CONDUCTOR
—— N — AT
QLD WIRE WOUND

IT ALSO DROPS A VOLTAGE. THE VOLTAGE AT ONE END 15 LOWER THAN AT THE OTHER
END WHICH DEPENDS UPON THE VALUE OF THE RESISTOR.

HIGHER VOLTAGE ’;OWER VOLTAGE
l ¥ v
' —
- N R

A RESISTOR IN A CIRCUIT:
1. DROPS THE VOLTAGE AND
2. CONTROLS THE CURRENT FLOW

THE ELEGTROMIC TERM FOR A DROP IN VOLTAGE 15 F.D (POTENTIAL DIFFERENCE]
A DIFFERENGE OF VOLTAGE FROM ONE END OF THE RESISTOR TO THE OTHER

THE CURRENT FLOWING THROUGH & RESISTOR CAN BE LIKENED TQ THE FLOW OF WATER
THROUGH A PIPL.

@ : FLOWS THROUGH EASILY _:&

WIDE PIPE SO 15 A LOW RESISTANCE '

S>>

LOW RESISTANCE

1MO
PF—F—>—F—FF» NOT S0 FASY TO FLOW 50 (
NARROW FIFE . S0 1S A HIGH RESISTANCE |
F—r——2

HIGH RESISTANCE

SRR \',r s 'I" * |
R1 R2 R3 F
— |
L . B . I
RESISTORS IN SERIES. RESIZTORS IN PAHJ‘\LLEI

OMNLY OME PATH FOR CURRENT TO FLOW APATHS FOR CURRENT 1O FLOW



RESISTORS

THINGS TO CONSIDER ABOUT RESISTORS

[ VALUE | TOLERANCE | WATTAGE | TYPE |
VALUE & TOLERANCE

RESISTORS ARE INVARIABLY MARKED WITH COLOUR CODES WHICH INDICATE
THEIR VALUE AND TOLERANCE

Golour code far

4 Band Resistors

h
1st & Znd 3rd 4th
colour hands colour band colour band
| BLACK i U | momeLv oY | RED £7% |
|_E!R0'u"m 1 SILVER 0.01 GoOLD & 5%
[RED 'z G0OLD [i%] SILVER |z i0%
ORANGE | 3 BLACK |1 NONE | = 20%
YELLOWY 1 4 BROWN 10
GREEN o RED (100
BLUC [s] ORANGE | 1000
MIOLET T NMELLOWY | 10000
GREY & | GREENW | 100000
WHITE i BLUE 1003000
Colour code for
5 Band Resistors
oy o h J
st 2nd & 3nd Ath Gth
colour bands osiourband colour band
| WRILTIPLY B RED | x2%
| SILver | 001 GOLD [ +5%
GOLG | 04 SIVER | 2 103
[BLACK |7 | NONE | z20% |
BROWN 31V]
RFMD 100

ORANGE 1000
YELLOW | 10000

[GREFN | 100000
BLULC 1000000




EXAMPLES OF READING RESISTOR COLOUR CODES

BROWN RLACK RED SILVER

T

h 4 ) ¥ 1 ¥

1% Band | 2¥Band | 3" Band | 4%Band |
Brown = 1 | Black =0 Red = x 100 | Silver=210% |
l_ I— : T = 1k ohm 102
| 1 0 00 [ t10% —‘ = 1k ohm $10%
) . |
FED VI FT QRANGE GOLD
v ! |
: ¥ ki
1% Band 2™ Band 3™ Band 4" Band
Red =2 Violet=7 Orange = x 100 Gold=%5%
Y i ¥ ¥ = 27k ohm 5%
[ 2 | 7 000 £5%

GRFEN DIUF RLACK ©OLD

l ] |
| y - — ¥ I T
[ ™ Band | 2" Bang 3" Band 4" Band
| Green =35 Blue = 6 Black = x 1 | Gold =+ 5%

|
| [ |
o | v ¥
5 g5 | ] £ 50 = 56 ohm 5%
i 13




EXAMPLES OF READING RESISTOR COLOUR CODES

GHAMGE ORANGE

GEin SILvER

= __x . . ¥ . ¥ _
1% Band 2™ Band | 3"Band | | 4"Band |
| Orange=23 Orange =3 | God=x01 | | Siver==x10%
I T ) | o
h J-_ l = h
ERE +10 ‘ £10 % = 3.3 ohm £10%

YELLCW VIDLET BLACH RED BROWN

L

o R B
1=*t Band 2™ Ba—:d | 3" Band 4" Band 5" Band
Y:}lluw 4 Viclet = | Black=0 || Red=x100 Brown =z 1%
[ p— |
—l—, ¥. Y Y ¥ . =47k ohmn £1%
| 7 ‘ 0 00 1% |
= RO GRCCH DLACK RLACK HROWH
___l"i M. = ¥ — h J " '-
1 Band 2™ Band ‘ [ 3"Ban ' 4" Band 5" pand
RED =2 resn =5 Hiack =0 | Black = .1 | Grown =21 %
¥ ! v f - l = 950 ohm +1%
2 | 5 | 0 B

14



RESISTORS

Resistors are available in several series of fixed decade values. The number of values
provided with each series being governed by the tolerance involved, In order to cover the
full range of resistance valugs using resistors having a £20% tolerance, it is necessary to
provide six basic values { known as the EG series ).

More values are required in a series which offers a tolerance of £10% and consequently
the E12 series provides 12 basic values. The E24 series for resistors of 5% tolgrance
provides 24 basic values, and as with the EG and E12 series, decade multiples (i.e. X1,

%10, x100, x1k, x10k, x100k, x1M ) of the basic series. /
EG
E12
E24
| 1.0 1.0 #
11
S 12
etk 43
15 [ 15—
18 15|
e ’ 15 |
/1 =20 |
2.2 2.2 T
27 2‘: '
/1 ao |
3.3 33 — |
19 2|
—- : ag |
1 4z |
47 47 s |
56 -
| S — _3;
6.8 LA HE
s ]
E12 ,
E24

15



RESISTORS

BRITISH STANDARD 1852

AM ALTERNATIVE FORM OF RESISTOR MARKING IS BASED ON THE SYSTEM OF
CODING DEFINED IN BS1852, THIS SYSTEM INVOLVES MARKING THE POSITION GF
THE DECIMAL POINT WITH THE LETTER TO INDICATE THE MULTIPLIER AS

FOLLOWS:

3 i
LETTER MULTIPLIER ~ |
L RS
k (small k) 1000 |
M 1000000

A FURTHER LETTER IS THEN ADDED TC INDIGATE THE TOLERANCE AS SHOWN

BELOW-

EXAMPL

m

3

LETTER [ TOLERANCE __|
B £ 1%

G | £2%

J | 25% )
K = 10% ]
(M 1 20%

470+ 10% = 4R7K

10 = TR0

56k0 = 5kB

5.3 MO = BMa

101 2% = 1R0G

1.8 k0 £ 20% = 1kEM

CHANGE THE FOLLOWING TO BS 1852 FORM. NO GROUP OF LETTERS AND
FIGURES SHOULD BE LESS THAN THREE CHARACTERS.
ANSWER IN PENCIL AND SHOW YOUR INSTRUCTOR.

E 250 kQ 5% 11 10i% |
|2 22 11 1% (12 |7505% =

3 |15 M020% |13 | 100MO0 20% | !
4 [22k02% [74 |BBK210%

§ 6000 10% 15| G6kQ2% |
B +0330 1% 16 | 330 k00 0% ]
|7 |24 k0 5% 17 | 24kD2% | -

B 10 MDD 10% 18 |[22k02% ¢ o]
g 0470 2% 19 |[27M020% | _
0 G3k0 1% | 20 (0001% |

NOW DO THE EXAMPLES ON THE FOLLOWING PAGE

o



RESISTORS

3. BN [ BK RO= Z1. RD YL T¥="
Z. RO | R OR= 22, BN BK | OR= B
|T 7L (Vi |Gh= 3. GY RD | Rb=
[ 4. OR WH BH= 24, GH BU Yi=
s, [ RO Vi | Rb= 3 Vi BU | BN=
;“c. | BN [BK | BN= |25, OR OR TEV=
| 7. | vL ¥i. BE= 7. BH GH RD=
e BN RD BL= 26, GN OR  |BK= |
a, GN B0 | RD= 3 |WH  |RD | GNS
10. oR oR BK= 30, 4 BN BK | 60= |
1. RD &Y [¥i= 3 |FD Wi OR= |
lf? WH '_| BN= | 3z BU~ |[GY | RD= 1
i 15 [GY | OR OR= N RD YL Bh= :
| 14 RO | GN | RO= 34 OR | GN Bhk= |
15, | WH [RD YL= : 35. GY [ BK OR= |
15. | EN EK BH= [ 36. WL [ 'WH BN=
[17. [BU  |GY  |GD= | |37, | RD TOR | GN=
18, TOR BN  |BHN= | 38 | GN | BK GN= 1
43 YL |wH | GN= [39. JOR |BN | Vi= :
2. |BW EN BN= :‘ 20, RO RD GO- '

CODES: BR=BLACK, BN=BROWHN, RD=RED, OR=0RANGE, YL=YELLOW, GN=GREEN,
BU=BLUE, VI=VIQOLET, GY=GREY, WH=WHITE, GD=G0LD, $¥=5SILVER.

YWORK OUT THE FOLLOWING RESISTOR COLOUR CODES, ANSWER IN PENCIL, AND THEN

SHOW YOUR INSTRUCTOR.

—_ VALUES

~ COLOURE




RESISTORS

WATTAGE

Tho waltags | powor rating ) of resistors doterming the current and vollage thal resisior can ocperate
wilhin, The watiage is refated to the matarial used in the construction and the physical sizes of the
component Usually the larger the sizes of the resistor the higher 1he power rating. Wattags values

should nol be exceeded. Consult dala sheets and cataloguss for information.

TYRPES .

Two lypas of resisters are in common use, the fixed value resistor and the potentiometar.

FIXED RESISTORS

FResislor Carbaon Caroon tetal Metal Ceramic
Tvpe composition  film film oxide wire wound
Resistence 22kto 1M 10to10M 1to 1M 1010 10 0,47 to 22k
range (1) '
Typical +10 5 +1 72 +:5

Tolerance (%)
Power rating(W) 0,125 102510 2 0192505 025t0 05 L l7

Temperaturs  + 1200 -250 +50to+ 100+ 250 55 to + 200
Cosfficient
: Poor Fair Excellent Excoliont Good
Foor Fair Excelicnt FExcallan: n'a

Parformancs

Ambicnt A0t + 125 45lo+ 125 55404 1585 0510+ 155 -55to 4
Temperaiure

Range ('C)

Tata]
L

]

!
s
T

Insulztio Wire coil ;] y
/ \id

Carhan-clay
| Hﬁli IMixture

Vitroous
weire: wound

0.1 to 22k

h

2to4

-55 io + 200

Good
n'a

~B5te + 200




RESISTORS

g POTENTIOMETERS

The polentiometer, or more commonly calied a "Potmeter” of “Pot” is really a
variable or preset resistor and can be made to change its value from zero fo
its full rated resistance value,

They have many uses. A volums or brightness control on a television, speed
control on a train set, setting a preset light level are just a few examples

CIRCUIT SYMBOLS

) o | R l I (J r_u:.: qJ o
i [/ ’ § — i f;"' -
fi I /%/‘ T 1 1 1 I

Fimed Resistor Variable Resistor Presst Polentiormnolor Potentiomater

SPECIFICATIONS

VARIABLE RESISTOR

VARIADLE RESISTOR TYPE

CARBON CERMET [WIREWCUND | MULTITURN | CONDUCTIVE
TRACK o b WIREWOUND | PLASTIC
Resistance range () | WKW | 1010 1M | 10 to 100K 100to 100K | 4Kt 20K |
Typical folarance (%) | £20 410 15 +5 420 |
Povier rating (W) 0.25 {ta5 [ 13 1.5t 3 1 |
Temporaldre -500 typical 150 +50 tymieal 450 typical 1 800
coefficient (ppm™C)
Slabiity Poar Good Good Good Ciood
Moiss perfomance Poor Good Good Gaod Good
Arnbient temperalwe | -10 o +70 A0 1o +85 -20 o +300 -850 4125 -B5 1o +125
range () 2

PRESET POTENTIOMETER

FRESET POTENTIOMETER TYPE

OPEM EMCLOGSED OPCN ENCLOSFD MULT T UM
SEELETOM | CARBON CERMET CERMFT CLREMET
' CARGON )
fesstance range {T1) | 10040 290 | 470 to 1M | 100 1o 1M 100 ta 1 100 12 T
! ypical tolerance (%) | +20 +20 | +70 =10 =10
Poveer 1ating (W) 0.2 0.15 T aTe | 0.5 025 B
Tenpestes 00 fypical | 500 typical | 12512 <200 [ 100 | 200
costficient (ppmSCh - | b |
Statilily % Poar [ Poor Fair | t5oud | Goad |
Moise pedonmancs “ery Poor Foi et > Good (Goud _|
Ambiart temparaiure | 56 +125 SR EE - AN e 2s +136 -12E 125 +125 |
fange () | | | S |

(e



RESISTORS
POTENTIOMETERS

Mast pots are round and have 3 soldering points allowing electrcal contact 1o be made. A
spindle at the front is mechanically connected to the wiper and zllows it to be luned
Clackwise of Anticlockwise. Preset pots adjust with a screwdriver.

cw 1 CW
el —{ —
T
L ]

ACW

terrminals

POTENTIOMETER

Terminals LA
or Tags

POTENTIOMETER
WITH THE BACK REMOVED




RESISTORS
PRE-SET POTENTIOMETERS or VARIABLE RESISTORS

- TWO TYPES OF edjusting scrow
) PRE-SET =
= %}k POTENTIOMETERS sl °j
oy e'““:_zz_ 3 o "D ,_,--""'J-—
. ;]‘ e ‘\/U oW .
: PRE-SET POT
i carbancract o SY[‘.IEBDL

ACW —|C'-‘.'
haricertalsleletan |

ADJUST WITH .
i SCREWDRIVER W

OPEM SKELETON PRE-SETS - MAINLY USED ON PRINTED CIRCUIT BOARDS

s [

W




RESISTORS [N 8ERIES

R1 R2
| 5—5——— T e o |

Only one path for the current {1} to flow

When a resistor is connected in series with another resistor, the current flowing through
that circuit must pass through both resistors. The effect is the same as if the two resistors
were replaced by one resistor having the sum of the values of the separate resistors,
This is true for any number of resistors in series.

FORMULA: Riotal = R1+R2+R3.... ¢t

Example 1
Ri R2
— +—_
20k 1k5
RN RN, | SN T |

Only ene path for the current (1) to flow

A resistor of 20k ohms is connected in series with a resistor of 1k5 ohms. What is the total
resistance, (Rt}

| Note: ALWAYS WRITE DOWN THE FORMULA — EVERY TIME

Rt = R1+R2 = 20000 + 1500 = 21k50

Rt = 21k58
Example 2 - )
Ri R2 R3
— ] = —
Ske 100k 10k

SRR O T S CER  GHW GU Gl G G Os S e i e
Only one path for the current (I} to flow

Thiree resistors of values kB, 100k, and 10k are connacled in series VWhat 1= the total
resistance ?

Rt = R1+R2+R3 = 5600 + 100000 + 10000 = {15300 = 11LkE0

Rt = 115k6(2

P
P



RESISTORS IN PARALLEL

- = Pk

ko L

1 R2 T

B —— 1 2
Two paths for the current to flow

Whien a resistar is connected in parallel with another resistor, the current will now have two
senarate paths to flow through

This &s true for any number of resisiors in paraliel.

FORMULA 1 1 _ M o %
Rtotal = R1 +R2 +R3 . . . . et

FORMULA 2  [For bwo resistors in parallel there is anather formula that you can use

Rt=R1xR2 or Product

R1+R2 Sum
Example
R1 R2 R3
1ZR ER 4R

Three resistors of value 12R, BRD, and 4R0 ohm's are connacted in paraiiel. Whal is the
total aguivalent resistanco 7

Using FORMULA 1 Sl e & g AF
Rt Rt Rz R3

1_ - _1 + _1__ &+ 1_
Rt 12 G 4
Mext find the common danaminator, 12 will do.

1. e § 2 % 05 v o] E ¢
Rt 12 Ri 12

Mexl turm upside down RL = 12 Rt =20
[+]

I
[}



RESISTORS IN PARALLEL

Using formula 2

R 13
Al -1R

1
k1
|.2X

Take two resistors, R1 and B2 and use the formuta.

R =E1x R2 or Product
R1+R2 Sum

BE=4E0

Muw lake the answer of the fise fwi reststors and work o with B3,

- | R | IL3
|4H 4R
I3 ]
B — j
Rt =R = B3 or Froduct
R+ R3 Sum

Ri=4x4=186
444 g

Fi=2R0

NOTE: The value of R and B3 above are the same value, 4R0.

{1 worked out to a value of

ZR0. Therefors if two resistars of the same valuc are connected in paralle the corresponamng

value will be half the value of the oniginal resistor



RESISTORS IN SERIES & PARALLEL

A WORKED EXAMPLE

[IND THE TOTAL RESISTANCE (Rt} OF THE FOLLOWING RESISTOR NETWORK

1 s R&
] — 12/ |- am
— 30R - R | [ 27R | 33R |
| _R2 [ 100R | —{300R l+¢ RR Ry
o '~ 50R M 10R — 40R }-
@ ) © i

Resistance belween AEB=sRab=R1 x R2? =30 »x 20 =800 = 12R
R1+RZ 30+20 50

Resistance between B & © = Rbc = R3 + R4 =100 + 300 = 400R
Resistance between C & D
First find the value of the two sories paths of resistors RA, RE, and R7, B8, R9
REG=RE4A RE=27 + 32=E0R
R7.8.9=R7 + RE+RI =50 + 10 + 40 = 1008
Maowe we ave the equivalent of 2 8013 and 100R resisior in parallsl

Reod =R56 = R7.8.9=560» 100 = 6000 = 37TRS5
ReG6+RY.82 60+100 160

Total Resislance between A and [0, Rt = Ra.b + Rb.c+ Red

Rt=12+ 400+ 37 5
12t = 449850

NOW DO THE EXAMPLES ON THE FOI L OWING PAGE




"RESISTORS IN SERIES & PARALLEL

D0 THE FOLLOWING EXAMPLES IN PENCIL. SHOW ALL MCTHODS OF WORKING OUT EACH
METWORK ON SEPARATE PAPER AMND SHOW YOUR INSTRUCTOR YOUR RESULTS.

L 4a) (3 @ @) @
R1 1001 b i
Rl l B2 EH R’1 ‘ B2
R2 Fﬁl:-l{ IR ER{ R | 80k 40k
]
3 I 120R iz)) || B3
i_r @OrR=— | GEOk
)] 6
. (DRe=_
- (&)
E4 El
170 Sk

B4
40k R2

R3 30k

130R
B3
kY
RS
68K
)
P 8 -
@ - — s (5) re=-
{7 BRO 120R I2R
O Rj_'_l—?—l Ré |
‘ BR0 2
R



OHM'S LAW

DHM"-S LAW CORRELATES THE THREE BASIC ELECTRICAL UNITS OF VOLTAGE,

CURRENT AMD RESISTANCE. IT STATES:-

THE CURRENT FLOWING IM A CIRCUIT IS DIRECTLY PROPORTIONAL TO THE
APPLIED VULTAGE AND INVERSELY PROPORTIONAL TJ THE RESISTAMCE OF

THAT CIRCUIT.

IF THE VOLTAGE APPLIED TO A CIRCUIT I3 DOUBLED THE CURRENT 15 GOUBLED.
IF THE RESISTANCE OF A CIRCUIT IS DOUBLED THE CURRENT IS HALVED.

ERELATIONSHIP BETWEFN VOLTAGE, CURRENT & RESISTANCE

V=IXR VOLTAGE = CURRENT x RESISTANCE

=V CURRENT = VOLTAGE =+ RESISTANCE
&

=% RESISTANCE =VOLTAGE = CURRENT

EXAMPLE

m

A B valt batlery 15 connected to an 18 ohm resistor. What 15 the curent flow?

R=18R ——
|
| B
¥ —!' -
=¥+ &= 0.33A or 330mA .
R 18



POWER
VWHAT IS POWER: POWER IS THE RATE AT WHICH WORK 1S DOMNE. SYMBOL W

Thee power in a circuit is equivalent to the product of voliage and current. Henco:
W =1 xV

Where W is the power in watts (W), | is the current in amps (A}, and V is the voltage in wolts. W)

The formula may be arranged to make VWV, |, or V the subject, as follows:

W =1xV I = — V =

EXAMPLE
& Voltage drop of 3V appears across each resistor of 1k00. What power is dissipaled by cach
resistor?
: —fR=1k0 |—{R=tk0 |—IR=1k0 }— —
| =3mA |
| Sy

£s each resistor is of equal value they will each drop the same voltage (p.d.). in this case 3

As the resistors are connactad in seres to each other, the currenl flow through each resistor
will be the same, hence the powsr dissipated by each resistor will ke the samce,

W=1xV=23x10"x 3 = 9mW

(=
oo



POWER

EXAMPLE

A vollage drop of 9V appears across a resistor of 180, What power is dissipated in the
resistor?

Mow we only know the value of the emf and resislor sd we cannot use the formula of W= x |

Using the OHM'S LAW formule V=L X R, 1=V /R, R=V /| we caniransform W=\ x | inte
W=V x| but from Ohm's Law | = VIR so

W=VxVWR

W=V'xR

W=V x 1 but from Ohm's Law V=1 xR =a

W=IlxRxl therefore

W=ExR

So far for the above examples we will use the formula W=\2/R
VW=VTIR

W=9x{18

W={(9x2)/ 18

W=81 /18

W =45 Watts

80 THE THREE FORMULAE YOU CAN USE FOR POWER ARE:

W=V x| w=-‘;{'—' Wos ER















































































































































































































