Plot the graph using the figures in Table 1 )
(a) Is this a linear graph?
(b) What is the spring éxtension ar 3 force
ﬁrr[ght angles to (c) Are all results accurate?
' “’mﬁﬂfmg Dainy 1.19 A generator on test gave the resulis sh
Table 1.10.

(a) Plot a curve of these results and star
is a linear or non-linear curve.

(b) Are all results accurate?
{c) What is the maximum passible current

o 35 I

Own in

€ Whethg,

A 50 kg body hangs at rest from a rope Wrap
around a pulley 150 mm in diameter. What ”F:::
torque about the axis of the pulley?

. solve the missing
ted : What is the angular speed of each of the thye
qmnght-angled mangles s hands of a twelve-hour clock? )

An electnc motor running at 1200 r.p.m. is
supplying a'torque of 5 N m. What power is the
motor consuming from the mains at 78 per cen|
""!: Wﬂ efficiency?
: &285 Im; opposite side 68 m—find all : A 5 kW motor has an ops - efficiency of 71 e
: cent. What is the input pi julrement? :
reference axis in the conventional
he rectangular components for 240 V

owing angles: N .
_*_;: .?-];‘ iﬁS" 3407 (a) Neglecting friction, cals Né power used,
(b) What s the efthciency tual power
ctangular component methad, find the }24 W2 | ! e
Ue o .Ii‘le’fnltowhg three forces: :

5‘1_ 133 N at 235% £ = 300 N i T!'IE* ,f;ides of a right-angled are in the ratio
9:12:15. Calculate the valus e other two

angles.

A 300 kg weight is lifted lock and tackle 154
height of 4 m in 1 minul: ) seconds,
|

& th__acarmqmres aforce of 15N
ce would be required (o turn the

e tediiced frorm 450 to and 27 units long. Calculate |
two angles.

In a right-angled triangle, th cent sides are 11
lues of the othe

ot "’nhi’..:m H’mtﬂ on full load. : Draw the graph of the equatio x4 + 3 forthe |
e Rl values of x from —4 to +4. On the same axes, forthe 5

same values of x, draw a graph of y = x% - 3. '|

1,28 Two vectors of 10 N and 5 N respectively act on s
point at an angle of 60° to each other. Find the |
value of the resultant force. If the angle was reduced

“‘._'. -u--lh i -
e I; \";5“?;“{\; to 45%, what would be the new value of the
|POwWer was 5.3, resultant force?
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Much of the me Il wus lncapab:e loing what was
sonied = the axperimenter. To illustratz th poin!
pECTEE =0a 1D thursk of ihe rensston o5 a MOGEm thYen-
noer. it 5 Dot appreciated ot 1t was Orsl pioposed 65
concept in the law 1800

apahble of making one ¥

B wans enly with later devslopmenty and more modsm

hen there was 10 equipment
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lchmigques and equipment tha! d transistor ould be

mitGe af all

22 HISTORICAL PERSPECTIVE

Ths following are only o few of the names of peopie who
Bove given the modes world such o widely dsed encray
wousce. The list = of necessity shost and many notable
expennmenten ofe omitted. The lie is by y=ar of Wirth in
(mn aitemge &5 pul them and the progress of therr word
in misonos] onder,

Wilkam Gilbert 15441603

Gilberi expenimented with iron ore and i inherent mag-
netic properties Hewrts o kenathy treatise in Latin cglled
ln brief) “The Magner” in 1603, It wos not published In
Englash wntil 1900 ' :
-2

Siiher i?rv;med o heory that the Earth wos g giant
fnagn‘ﬁ nrfd 'Im:ﬂ ol materiols were gither ei-eﬂné Gr
;arr-ela:h'fm Today we soy all materials are éither con-
Eitmn o ediaion. The theory was comrect but
of vonductens and nen-conductor were

SOt inderpestation. '

10 put this man's vers;
ul i 20n of mognetisoy intg Pespectiy

lini‘:’ns;nbeupg;mmd that it -had not long been pmw::;
— u'mtﬂx ? W0t the world was round and not fat. He
YS0an and wos ofter asked'

B

wdl ]
.

effort pat =0 by sany -

= =

Charles Coulomb 1736-180&

—

.

‘I d

il
1

Coulomb wos a mechanionl] engin -
- - ri_""",_' | P
StTUnmEnLs FOF Measuring quaniities of 2 s
wligd now e l_}:ii*.:;"ﬂ-'lﬁt"‘j and ':*_‘mL'urg.:j “_' X II
et [T hﬂh ey
: _! i

Ly Calvam 1737-1798

Calvant developed the

]
1
I:_!_-}i]*_t:r: W | -j-r-nﬂf‘!‘:l{: wll
AMiesanarc Volta 1745-1835] |

Yolia gk :'\-'71,1 the

concept of curmen Hiw ap:
Calvands odeas on dynamic -:*I-ch'trlr,‘l!“:‘. He "
ot _'.‘_:}e- -:r_fal later the voltaic cel for eq
cnTent flow. The princple behind bothect
plaang two dissEmilar metals in g cr-l‘adumngmﬁ
I

Andre Ampere 1775-1836
Ampere -f}:n.‘-?é-'i--_i that parallel COnduttan s b
cusrent could attract or repel eoch other Hr_m%"
the solenoid to the elecincal world, and deﬁme ) '
OdEnGrd o Lhe :—-!e—ﬁrr-mcsgnet stage. ]"T '
Hans Oersted 1777-1851 i
T

Cersted developed the concept of an elecinic e
crealing a magnetic effect around a CONdUTtor His s |
was erthanced {,’I‘. .b‘\m!'_"ﬁﬁf and Faraday. :“;JL

Ceorg Ohm 1789-1854 5

Ohm proposed and published the theory The Cobaa
Clrcuit Mathematically Considered’. Higcu;ln:;mJ !
was later proved correct and is now known as Ohmly 8
Ohm also worked on the theory of resistance of condas t
anc how to calculate values of resistarice. This was dem |
oped from work by Henry Cavendish (1771-1810). E

Michacl Faraday 1791-1867 -

Fi}.rgduj.- was not the father of electromagnetism osps
caimed, but he considerably advanced knowie@_i 1
slectromagnetism. He discovered the concept of induces ©

Where a conductor in maoving through a magnetic &5
hos electricity induced in it. -

2.3  STRUCTURE OF MATTER

Evérything oround us occupies space and has mass. &
:’ﬂ“ﬂ——whﬂ'ther solid, liquid, or gas—is built up &
mumbem' of small and distinct particles called molesss
oot k::miubh: damt suggest that these particles cm ®
down it somethira TE& 100 i e
siibistoncas: ng like 100 different elementsy ;
By combining these element HOUSPE
_ per A ary particles in vanouss =
portians, all the different materials in the world @B =

formed. These elementary substances are called elemeis

} i '-
. A p#
' it i = e
aral LDt J e il |
o i R .1" &
ET N b
l..-'“i:iiiJl.'-g ¥ 3
ot 15 AWO X
B iils 2ol 3 i & T
SHEEEALE 01 ¥

woter nstead of G very small Fﬂﬂlfjf 5-UMIMHI_} amol  mumber ﬂhm ment m
ecute of water reduces it 10 hydrogen ond oxygen, ench  in the nocless &5 Bol Deoe dy’
with completely different chamctenuics from thase of protons of chectrons. Al the end of

WialEr

2 3.2 Elements

subdividing the wafer moleculé produces two diff :
matenials colled elements, In this example, the o
water is hroken down into two Qases;, ok Of‘ "lri Iht'ﬂtch s
an element. The smallest part of an slament is colled an
anom

233 Atoms

The otom itself can be further subdivided into smatler
parts thot no longer kave the properties of the slement
thot they moké up. Thess ports consist of slecinooal
charges and are common to all elements. They are rela-
tively unstable in the sense that they are constantiy byng
to cancel each other '

An atom has pever been ==en diregtly by the human
eye, but certain similanties between different slements
indicate similarities in their structure, A mental concept
called a model has gradually been developed to indicate
the structure of an atem. The most adeguate theones of
atomic structure are mathematical, but a useful meds] is
aiven by the orbiting electron picture of the atom shown
in Figure 2.1(a). Although electrons are shown here in
only a two-dimensional picture, they are assumed 10 be
orbiting in o three-dimensional shell totolly enciosing the
nucleus of the atoms as shown in Figure 2.1(b).

The nucleus contains protons, which are positively
charged, and it may also contain o number of neutrons,
which effectively have no charge. In orbit around the
nucleus are electrons, which have a negalive charge.
Under normal conditions the number of electrans and the
number of protons are equal. .

it is assumed that the attraction between the positively
charged nucleus and the negatively charged eledrons pro-
vides the force necessary to keep the electrons adjacent to
the nucleus, while the motion keeps the electrons fom
plunging into the nucleus. In any particular atom, the

(a) |
Figure 2.1 + Model of atemic structure

chorgerenstios of woter, jusl os though it were g Htre of  actdol nainbes of positiee che

dix wction is o list of the slements
trons i the atom of that dlement. To S
be subtracted from the atomic welghi |

atomic weight of 63, This means thal

G5 =
v - e I
! S L

e

i ! y U 8
s s o LR N
el sy

T S S e A
haids 29 slecirons and (63 — 29) = 34 neat
Auckegs. together with 29 protons, Seniany,
has 13 electrons in orbit cround the nu
protons and 14 m:nmi!ﬁ - 3y m =
roughly equal numbers of protons and elec
of electrons around ihe nudieus play a past-inea
ing the properties sfamatom. P | A
Orbits are somefimes refered 10 05, ENRIGY IEES 0
any electron mﬂmmuﬂr DIt o s
energy. This energy change affects the GURE
arnd couses it to behove in o difierent mante
fusther subdivided into subshefls. In Table 24
to fill each. Tl
Each stable combination of elecuns and
makes one particular type of atom. fn Fgure 2
shell is flled and the thind electron isin-the L2
is capable of holding 7 more electrons. Becat:
has 3 electrons. it alss hos 3 protons and has o

TS
CLES FE
% N

'

s
-
=

Table 2.1 » Grouping of lectron oty —
B AR Rl
=3 S
Number of electrons 2 8 18

Desgnation hid if

i
- =il
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« foe thve Blectrical Trathes

This means that, because there are nsafficient olections

10 Mtna either body 1o a neutral state of charge, both will

be slightly deficient In eleciions and both will have
small positive charge, Note thot ea

> Ll

«ch of 1the bodies has a

. . ive charge anid there is
potential equal ko 2 units of positive charge am

Ao potential difference between |

he two badies alter

contadt.

Il o positively charged bidy 1s contected Lo a negative 1y

chamed body. the electron flow will be from the negative
o Hhe positive body. The potential diflerence between the
bodivs will be zero when the electron flow ceases

Betore they are connected, the pud between them s

numencally egqual to the algebraic difference between
thelr potentinls {Le the pd is equal 1o the sum of the
surplus and deficient electrons in both bodies)

Flgure 2.500) shows a body with-a surplus of 6 electrons

and a bodv with a déficiency of 2 electrons. The pad

between these bodies v 6 = 2

2 which equals 8 electron

inits

After they have been joined together, the potential of

ench body will be 2 untts of negative charge and both
bodies will hove zero pud. (see Fig. 2.5(b)).

Nole thot o transier of 4 electrons ocours: 2 to rieutralise

the positive charge and 2 more to make It 2 units of neg-
ative patential

ti bath the above examples, the number of protons In a

body did not alter when contact was made, only the
number of eltctrons transferred.

Conclusions

Matteris composed of molecules made up of
different atoms

These molecules can be subdivided to produce the
clements of which they are made

There are olmost 100 separate olements, each with
\ts owm characteristics
The smallest part of an element is an atom.
-..._,-l"__-. l---.\_ 4 _--.--‘—-
A T e
[ 3 3+ A
[ +F 355 ¥
\3T E3/ W
SE2Y X,
- N

HReastue ™ '
= Fositive charge

(1) Before contact

5 i an atom Is loniseg G ! -
produced called electrons., fhe ren '

1aind | &

atam is lelt positively chiarged, that s ;;"_’h'ﬁ“tht =]
positive on f ‘-"El]rnh” |
6. All atoms can be jonised to prodice POsify J ’lI'
negative charges. For example, on elactn g

1O i‘ll.‘mllt“l"“ ]'lh"l‘l'_'lit:(':o. i “h'"l“_"{_ll "‘-‘I\gu" hm‘ h
charge to the electron from an atom af ¢hlg e l )
an atom of copper. O o

. An excess or a deficlency of electrons coles L
PUH'HHI_H dillerence to he l‘.ll“l[ up h““"-'l:"lfn iwﬂ 'Ii,
bodies and, if a conducting path s Provided :;'l I
clectrons How along it thereby ﬂquuliumg_”{é ” - |:
and reducing the potential différence l"-lurﬁ ;\h"'"ﬁ -
electran flow then stops, “0 The il

244  Applications for static electricity N

1, Electrostatic precipitation e

A precipitalor unit consists of a central electrode gy v

nected to the negative polarity of a high voltage sy

A sumounding cylinder that normally COMmpfises P".'-t“ﬂ }_'

the ‘final flue is connected to the pusitive ;mlnﬁ't},;'@r

passing emissions through the unit the air or !iui'll

lonised and the ions attach théemselves (o the foreigy i
badies present in the flue emissions, These being nagy
tively charged are attracted 1o the outer cylindrical tme
and are neutralized on coming into contact with un l)pp:,. 1
site chorge. The undesirable components then fall bt E
and are collected and disposed of in o manmer s
harmful (o the atmosphere. This method for limiting g -+
paliution is common [n power generating statiGns sl
uperating with' fossil fuels where the emissions consistee

ash particles and large quantities of sulphur and o ©
acidic companents, TR

2. Paint spraying

This method is more common in industries where ik
NG 1S used extensively os part of the manufactursy
progess, It also ﬂ]lpﬁt?# 1o I'.H."Wf-ti‘f ﬂ’.‘ﬂ”ﬂg pmt:edum. IM |
are in the white goods Industry to coat refrigerators ané =
washing machines, The method §s also used in the @
manufucturing industry. The unit to be painted Is o
pende on a travelling everhead rail and raised to o il
vnltuge. When !-.‘]Jn]}r_ed with either puint or !mwdg;.(:::l_h!
Ipﬂiﬂ.f’ Pﬂﬂ“lﬁ'ﬁ'ﬂl’?'ﬂﬂfﬂﬂﬁ'{l lo theunitand ﬁi!{fﬂml?mﬂ |
allached. In ecanomic fenms much less paint is Hiﬂﬂhﬁ* _|
{IE same amount of spraying and with far less woste. {1

the case of powder ¢ STy a e
& ca; ouling the overspray can largely %
recovered and ysed ugpin,g Y -

-.—; Wy

25  DYNAMIC ELECTRICITY

It was stated earlier th AR "
e lier that when two bodies are at difieEst
gﬁlﬁ!ﬁ'&?}m Flectric force exists between them, Thisore:
- h '= i: .... jhﬁmmm‘ I '-5-;. o
force (e 1 ar " OF Pressure iy termad an ¢ ectromdse
m.L), | 15 mieas) ln.a]’ A st e ] i feen ciEs
'""""E“:"I.“'I.i-"-. oopaints. o “
r!’E*T'Jl RIS OF diffurgny

Sy
wWhoro

i.,' o' E

:
f5 o deliciency. Thal is, electrons will flow
higher electron potential o one aof Jower ol
whenever a conducting path exists e

T

the replacement of fossil fus

steany. There ate many sthe

fromn o polit of
ECtron potential
twewn those points,

Fhese [ssues give rse to three factom: ticity, but nong & it the stoge of AL
1. Porential difference ““ﬁhiﬂgl[hﬂjﬁ _‘- presently ava;
Onee the potential difference bstwoorn two points has been alating Wm‘hﬂl

N | _ o D o
reduced 10 2e1o, the llow ol electrons stops, Fir ]'*Iﬂﬁlml The generator smploys th )| :i.;!..i.';:..'j..*

- _ R e g,
purpases this tieaulor fliow of slectrons (5 unsatistaciory. :;? th;‘;:-uah o . e V%4
To wrisure a continuoas How aof electricity o cantinony mf;:! “I?"“‘h"m": s .
saurnce of dectromaotive feiree |s Fequined, . B]mt'ﬂm;:l;mnuﬂi I' '.‘,ll.,.'

2. Electrical materials

Electrical energy heeds 1o be guided o where It can b
used effectively. This is done with materials thar exhibit
specific characteristics, One type of matenal conducts 1he
electrical energy to where §t can be ysed (@ conductarn),
while another type prévents any unwanted flow from
other parts af an electrical cirouit tan insulator)

direct current in Chapler 12,
The only rea! varations ar type
required, The driving unit may e o stedm
turbine, gas turbine or di :’" e, eoch
ular advant
froim o comman source for large Gities and
industries. A typical aperating efficiency co
3, Electron flow cent, although this figure is highly surioble
The rate of flow ol electricity 15 govermed by the above ' E
two tactors. That 1s, a high potential difference tends to
increase the Mlow and a poor conductos tends to decrease
the flow.

o ol .

252 Development of the ¢ enerat
FﬂT’udm ﬂpﬁlﬁﬂﬂhtﬁﬁr]ﬂ_ja in l_h ‘.'.." 0 th
ment of rotating moachinery (o M ce dynani
ity. Initally wmﬁ;—-; uchinery was of apen |
and primitive by today's standards.

Figure 2.6 shows carly versions in the devel
direct current generator. 1t ean be seen t
little obvious change in direel curent gi
the lost 60 years. However, there has been refine
the intersal construction and materials used.

s ': r__ ;I'F:i u

2.5.1  Sources of electromotive force

The great bulk of ¢lectrical energy is still generated in the
same manner as it was one hundred years ago. Fossil fuel
15 burned to obtain heat, which converts water (o steam (o
move mechanical devices that drive electrical generators.
The major concern now is that there will be depleted sup-

Ollsring
bearings

el

- -F.'.'-'.."_ -
FL

Pedastal-mounted armaire

Altamalive type
/7) i .

o fiald construction
-



- - - . e .1:1:1.',_1 -{}
h‘Dd‘EFﬂ _:\\_“'\.‘l.‘t‘l U< qt'.'Jt*\_"P.'! ni £

LS
wk
- B I
L “
'y s L.
aindl | 1 ’
. ™ g F i
10rsd i '
yVing ini 3w r .
Qs
';_".-l | .
| e 0o il T T I ! TS
LT 14 | Stean ETGH he aand 1 <leasy
=G 1 ] T e {r= Is
= ! EELAY
byl I G b I L51ire 1) '
£ - O Or 1 4 i3 I | _!_ (1} =ich
| 1k =3 = . -
= it kst LT WITER ST O YU Tt
i - X . ¥
na T i e .
T Lo 89 INVELY lower [emy GILSE and pressure
ihe Uniteid Stakae e i
i L1E : i i nd New 14 ‘- IVE O ¢
USNO '-!jl_l_ el k= NP : b -
: 'od for power generation T paratively
AT FEe [T
Faee s )
SEIILE Una W e . .
" | F !I. i e T !.J.r'l'!l'_u!_ I|:|,|"='|!|::.,_-__I h".lll'ﬁ' 11_':'””!”"!11'
HED Rlur= o nurl o1 -
b Al eneray lor the (
o drive ¢ t .” 1 mn [ the SURetuiion of qli am
. = BN 4 " ek kit |h-]r ol | - i .-
: g AIMST T OLTESS Wy rheam w1
il cool s I'I_‘U'i _.'I.l..l_"lllx o

Taas, and so hgve A (
Ior the qenety
. genefation of *?1*.:1’1!]5._1.4[ cnengy r._l*_'l“!ﬂl.,ll'l'h urrentl
HSS upproximately 20 s ¢ & tdnar
g 4 SUSNIKlear power stations and lapan
du:w ,~I t Aty of materials for AT |
i i f

= SLSImLar usage. The Uni

I powesed siatic

¥k 1o ollermytive Means

U SENOWS
19y pro.
: d Stales
ns and js ntending o

T 4.!*-1.'-_'!:me
nas many nutlea
stadl mors

he nudle '

s ¥ used o produce st
W VEsteam which (s the
thines asin "iIEum-mw-:-m:i g-z‘m-r-.mng 31uth‘.+;u-m :
Tidal MovEments |
Feance ond :
gland have done b

e i mum-um*c w
w_;tit]ng BES wotes by g da) moveman tor ge o

4 Bydrosiectne wnes e

_ - In some
"o countries have tiggl Mevements

Cai-
ney ﬂlihg power
Coastal areas these

-
L
W, 1
' “Li.‘-'r.v
\ i r - X :\
. ) r"“ :
L
- : T
5 W Mee
[
L
. the. ¥ |L.‘-|.'
B0 b H‘ -
- < Y
L) 5] Eq v c ]
U Oligye -
\ 5 "
i
] % i 11N L]
‘ (] ”-_‘_. .
W11 T vy i Mo
! . i WL s \.T‘r-z I‘L
\ P
i \ 5 ! ¥
“'.:1-: th,
. 14" ] 1 G
A"l 8 e y
i o t\_-_'l l” ‘-_'..\' L o
” % =
" ™, ¢ ¥ 4
\ LA ‘1‘\,.1 l\'.l ik -
= L) s II.I.'-"“\-
kg §5
\ B [l i
. Ry | YEV SDon b s
(" =
4 .:1“ (] J '[. —
*I":-!h:r:] L "
L [ \‘l { I
| ¢ Dmey ki
| 1“],Il s
W
¢ . " § r [} i Y
L . O - Inam BT
! 1 1 Al
L § YWD AT 1 1
WV Waans gt s
- " . . b
St I 1 l LE L Wiles x'u;'--'.
* - " .
w ! | o
| g L= }F .
L i
: " C T Nnven afemaalors am my
= = ‘i = . . - & o L
L% i i -.‘l_\til l".l:.r i AN 0 ""‘!}1'-“"“5\” 1‘\-'n-'---.-
i | - |
, : a wrger scale than that oS
e s LY { | L exny 2l ¥ 1€ \ |
VLG Ueienaiorn. 1UIS G more expensivy method 1o

NG power but it other fuel supplies sudhs
wal T lurmace otl are not avallable aton s
nomical rat nerate steaim. there is no allematie

JUIE 2.6 shows a modem diesel driven a.c oenens
nstabled in a macl

\ :.__1_:-'._ Tl_"L']“: \1'\ Ll "\11}11iit“1- l‘l 'IH'LI “..:'I.]l‘:l

LroIne was des 5 !l."]"t't‘j directly as a resultof dee

MRS Work in the 1940 to produce an aero engine i

WL Qv speeds hiagher than the speed of sound. T
1 desian has remained virtualls nnchanged. It &8
POSES Onoair WM PRSSorn o means af injecting fusl Lt
PRESSUTE, and an ignition chamber. The gas and s
IXTUrE when ignited produces a rapld expansion of o
Which are forced out of an expansion chamber. Thisisid
- ERES o turbine blades and prodices sufficient e
0 drive 4 generator connected to the turbine shaft 18
waste goeses are then exhausted out of the sysies
although some units use'the heat of the exhaus! (st ¥
heal th coming air through a heat exchungen L
larger the uni the better f1s efficiency. In qeneral @@=
Wrbine generating plant is able to be started more quics
Wan a stearn-driver tutbine angd because of this 168
they are olten used as emergency standby ﬂpm-ruh‘m_ﬂlld
Us back-up SUpplies tor peak loads, A starting motor
NECessOry to un the unit up (o speed betore "“L-ttinlil'l"“:

h.'*-"- Because of fis stze, welght and cost {t 15 not sultd
tor small foads, )

234 Other sources of dynamic electridly \
Chemical SOUrces
thie o

There ge several varlations of this method: ol
primary and secondary €
Fin Chapter 3,

SOMmMOn are those ol the

- "||T,J-'-=_

B T I . " . ] .

-

o

¥
i,

Fiagiaie

y OTIALS
figure .8 = Drosal-doven a QeiiRialid URECHLAN AryeelTe :

A less commuon invthod s the combining of el ”Irlltd]“
such as hydrogen, caran and axyaen 10 10 COmpOuines
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Ihe ]Hilh-I]liilI differences produced are very smull and
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low opposition to the flow of glectrons. Difforent con

the whole clrcult, Induding the Indicator
VETY
ductor materials are used lor various temperature ranges
A thermocouple belng madé ol ‘copper and 'can
tantan (an dllay). For a temperature rise ol 200°C, the
rental difference creoted would be of the order of
6,009 V. This would occur when the cold function was of o
tomperature of 0°C. If the cold jundcion Emperature was
A 2 l with the hot junction heated to 20000, the oulpul
voltage would be appraximately 0.004'V. For greaier voli-
Cges, thermot nU['.r|'+_'x (e SOMmeELtirmes Con e ted s a '-””“P'
s0 thelr '."lﬁrih.lf_ji_-x, cidd uptao h"uihw value, Theumitisthen

called a thermopile

Piezoelectric sources

When certaln materials are subjected’ to me hanical
siress, a vollage |1s '|l'il~‘l-llf-L| acrass the faves ol the mat
erials, This is called the piezoelectric effect. Materials most
commanly used are naturally occurmng crvstals such as
quartz and Rochelle salts : |
called crystals), with thelr faces basically paraliel 1o aneol
other ol the three axes i) thee main crystal, ang then
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chip, It distorts and the movement Can be leasured
Whien the chip (crystal) is distoried, 6 voltage Qppego ot

the opposite fuces, These two effects occurata riatural fote

of resanunce, depending mainly on the angle af cut pnd

thie |J1'11.*-.u_1_1i dimensons of the r.ryv,ml’:n Ag such. their

most common use 15 i rodio-transmitier cm_:ulln..

althouah they can also be found as the initiatiog element

i echo sounders, ultmasound dlugnestic muchines in

hospitals, and for the gengration of very-high-Ioequency

saund waves in wtrosound cleaning machines.

In recent tmes it has been found that ceramic materials
can be used to produce the same elied while hoving
the advantages of being nird, l';hr:mu'ully inert and l't'ﬂl'
affected By humidity. Because of their Cerumic natuee tlhﬂ'
can be moulded into shape during manuactuse ‘while
Jlght varations in compasitian allow emphasis on spe.
cific properties requined fF o speciol opplication. For
example o High-voltage generalor, as _uz.m‘l \n clogareie
lighters, oxy-ccerylene Hghters and fuse [goitian for
L'_\-Lilt.l_l‘]‘h'..'a-.__ would have different I”I'E'LIU’II‘@I“EHL\ 10 'lhll‘ﬂi‘ﬁi
a tronsducer used for Wtrasonis Cigdaning und ﬂegming.
The first example requires o gampanlively long length
with a small cross-section swhilethe second reguies G

large cross-sectional ara and a vety short length.
Figure 2 12 shows an elementary striker gnition AysIEm
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ances governing a materiol’s use alsa hoave an elfest on
thie selection

Gorne salts are insulators when solid bat dre good corn
ductors when molten, Neor s an insilator when not gl

ander an electrical stress Bt becomes o conductor when
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ronducion nor s inere o m lect insulotor Semiconducton
(1 [ by |n”||h' riotiniddl sinle ane ven PHRAT conducior

duetivity, Under normal everyday: use ther

%
increased, thelr ability o conduct elecirons also increasss

(o, good Insulatons) As thelr content ol frnpurific
spmleonductors ure Nest purified and then doped’ to the
1,.““11-:[ degree of Impurity o eontrol the rate ol How ol
eleetrons through them

Insulators that are porous ant capuble ol ghsarbirdg
moistire must be treated with caution because: as thay
hecome  damp thelr insulating II'LIIIII“'I'h Jeeredss
morkediy. These miaterials {e.g win by and alten impieeg-
nated with varnish o prevent the absorption of st

canducts

The oUvious charctestic o most (el tonadudtars ol
stectrlcity 18 that they are metals, The common leature ior
any l_]n[ul coinductor involves the aulermaost e¢lectrons in
the valency fing or shell (see section & $,3). In the case o
copper, the single electron in the valency ring s not held
tghtly ta e o lous Because 1 is lurthest away and
shlelded by the other arbits. U 18 castly removed Dy
another atom and can be passed an from alem 1o atom
Recause of this it is called a “iree electron, Any (ood con
ductor has large numbers of free electrans Not nll metais
conduct 4_-Lh|.1_|”‘|.’ witll. The bestis siiver, fol lowedd By Copper,
gold and thon alumiaium The mast practical conductas
for general use 15 copper—arising from it qoad periormt
ance. as a conductor and is relatively [ow Cos!

fabile 2.2 » Conductors and ingulatorns

anstaroartals o4 pisaleST

Irsuhisbases fnon=-coiductors)

THe mott ott<tanding charactanstic of on (nsulator is that
W contains very few or no free electoons undet aormal con:
ditions. Without Iree electrons there cart B¢ no cuprent
Now and the eledtrons In the awom remoain sln:mgly
bound 10 the nucleus. As ageneral guide only, the greater

tHe namber of clectrons in the "u"ﬂh’_'ﬂl."; F'Iﬂ!.] thoe m:_tlzr ithe
material 1= as on Insulator

AnITie o -Illlr‘_li‘lf'.

(e twerm semiconductors must not be misunderstond

They are not hatfconductors, Pure semiconducton ane
insulators gt low temperotures and reasonahly Guod cans
dictors ot higher tempenatures. The eluments qermanium
and gilican are the most important of the semicondueaors
i the olectsical and electranics ndustnes, although there
are some compounds used in special  cases Semiy
conductors helong to group 4 of the Pertodic Table: that is,
they have & electrons in their valency ming. Mare semi-
condictors are seldom used: they ane usuatly doped with
ilemerits from groups 3 and S af the Periodic Toble Refer
(o Tabite 2.2 tor a comparisan of esistvily.
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Flgure .14
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If the current path 1S not continuous hetween 1wo polnts
ol 1'.-&11'!111.“” difference, the et Is referred 10 08 an Gpen
clicult. Refer to Flgure 2 fdtal, The eircult s a hﬂ!ﬂl.lﬂ
it No curment can Now and the lamp s not dhght. This

condition ocours (o normal elreuit when 1818 switehed
0l

If the circust 14 complete as in Figpure 2 14} then current
can Mow and the lomp glows. This condition oceus na
normal cireuit whepn it is Hh‘ll\hi?d on. A closed circult |s G
essential condition Jor o current (low. Toe maintaln o cone
Hnuous cirent fove @ conBnuous SOl of electriedl
eOengy must be provided to maintain tire ;hitﬁlmi.ll dﬂhﬁ
once at the heginning of thee ctriit dn Elguare 2.14 acar

Ap proxlimate retestvily iy ks fRRtres

EASLETLA { ik wrction f “1 ‘n
LCU LN |
' i
Insulalor gh 1l|-llpr,l\1lii.'ll'l (4] ‘l.'|'|Ll-'r.\ 10 IJf,H_l Ouo Dﬂﬂ (H'}1 }
electron fow Bakelite 10 000 000 000 (10 9
rubber 10 000 000 000 00¢ (10')
sulplin 10 000 GO0 OO GO0 (1o !\j
' {lican LR,
Seimiconcuctol §
(ermanitim 0,89
= - ﬂ
Conduetor low oppasition 1o L{Iver l.hrl I:: E
plecLion How coppei 1.72x=1 a
alurminiuim 2B 0
Lngsten 5,50 = 0% 1.
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nly more modern experimentation showed that o

[-‘.\:!rwm .Ih’n.-; consisted of negative II(IJ'LJ.-: g F'|E:\'.'|llg oWl
zn.: pusitive terminal. That is, an electric current flow wos
ctually an “electron flow”. The conventional currént i
VESIon had been in use for so long that it was considémd
"f.fm.’:w h"','"“_ir"f"l electron flow as the standtird. However in
:. L. Hied States, elactr n flow is often used, and (o avod
an? f;n:i‘ i'.k:.ﬁ‘!“?'d Oy this practice, a wise student il
f - LR WHICH method Is used when using clreuis
:.Hurlr the United States. This also applies to textboaks o

When no conveani
4 convention is stated, it s always assumed tht

nt flow is being referred to, [f ke
ust be clearly stated that it 15 being
d confusion. For the remainder of this book

the vaventional cure

tron flow is used, it m
HSE, 0 Avor

it is specifically

L

stated. otherwise,  canventianal
currenl How' 18 1o be assumied

2.6.4  Current electricity units
Patential difference

The amount of current that ows

VN ARY particular circuit
lepends pnmarily 'on the amount of potential difference
botween the terminals of the clircuit

Potential means the charging of a body or the ¢ harging
of one end of a conductor. This results in a difference of
potential between two bodiet
onductor. The term
ened 1o the one

IMEaning

5 O] 1'-‘".13'..'l'|’“ W 1,!111-. “I (1
potential ditference’ is often short-
word ‘potential’, having the some

H‘-_!-HI?: 2.16(a) shows thal the rate of low of waler
depends on the head or pressure. Increg iing the pressure
increases the flow of water,

Iin an electrical circuit the rate of low of current aleo
depends.on the pressure (p.d.),
circuit is altered (Fig. 2.16(b)).

If the resistance to flow remains the same, doubling the
pressure on the water in d tank forces twice as much water
through the pipe. Similarly, doubling the pagtential differ-
ence doubles the carrent. Il a difference in potential of
2 units causes 1A to flow, then o potential difference
af 4 units causes a 2 A flow, That is, making the voltage
twice as large will make the current flow twice as large
provided the opposition or resistance to flow is kept
constant,

An electrical pressure is reasured in units called volts
By definition (Chapter 1) a vaolt is the pressure causing
I watt to be dissipated in o circuit when | ampers is
flowing. By Ohm's law (see section 2,8) it is alsa the pres-

il no other part of the

14 kPa piassure 28 WFa pressure
Piessura in

Hippascals

Water Bose = 15 e

Walai lhyw = 5 llrps
ey sanang

Water law = 10 Wires

pal second par spednd
(a) Rate of flow af waler

2umis g d 4 Uritls 0

(b) Rate of flow of current

Figure Z.16 « Relationships Detween pressure and rate of Now

ety ol shpenea ity

sure cawsing 1 ampére to flow theagh o resistancs of
1 ohm

Fhe lollowing obbreviotions and symbols ars used o
indicate electrical presune .

pressure (pid) Vigenenal symbol)
b r_r'll \"

millivalt my

micovol uV

kitoviolh kV

Electrical resistance

I the movement of an electron in o canductor were tracec,
It could be shown that its movement, while irregular in
direction, resulted in o general drnft from negotive 1o
positive polarity olong the conductar. The free electrons
moving towards poditive polarity collide with positise lons
in the conductor and tend 109 recombine o (orm neutoal
otoms. At the time of the collision the alectron s slowed
down. It can accelerale again due (o the apphied eoml
but suffers further collisions with other lons, The slowing
down |s o measure of the opposition o current flaw by the
conductor. The autside solrce of energy must supply exira
energy to accelerate the electron again, and the exchange
af energy with further collisions resalts in the generation
of heat and a rise in temperature of the conductor. For the
same current flow, the lower the emperature fise, the
lower is the conductor’s electrical opposition [0 current
Hdw

This opposing force is called the electrical resistance of
the circuit. Resistance is that property of @ material which
apposes the flow of glectrons, The resistance 'of a conducs
tor depends on its length, cross-sectional urea, fype of
material and temperature. The following abbreviations
and symbaols are used 1o indicate resisiance:

resistance E tgeneral symbeol)
olim §2

microhm 12

Kilohm | 19

megohm M2

Electric current

Current hos been shown to be a flow of negative charges
called electrans. For convenience these small eharges dre
grouped inta larger units called coulombs. The rate oFfiow
is given as coutombs per seconil. In s&ction 1.2 the ampere
was given as the base electrical unit of flow und defined
according to the magnetic force between parallel conduc-
tors. By definition, a current flow of 1 dmpers transfers
charge of 1 coulomb (6.24 = 10'%) glecirans each secand,
The & illowing units and symbals are used o indlcate elec
tric curment;

current ! (general symbol)
ampere A

milllampsre mA

microampsen A

MEASURING CURRENT

ELECTRICITY UNITS -
The Instruments maost commonly used in eircull measure-
ment are the voltmeter and the ammeten .

" §
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ELECTRICAL POWER
AND ENERGY

Electrical power

In section 1 4.4, electiical patential wok dufined (0 epms
of povior and carrent such that,

: [

voltage — =
J curmemil

I general terms, then: ¥ ;

By transposition I Vi

I wetion 2 & on Ohon's law v was shown tHat By toans
pasition there were three varations of the one equation,

it I8 ! V/R, ¥ iR, K v/l

By subsEritating these vanations in the Baste oWt fquc

tcin, above, then

! =¥

From Ohm's law

\ N
then g LR
thot is, P 1<K

Simtlagly, with | V/R:
P VVIR

=

Lthat s 4 i

{
Foir elocirionl circiiis I.

||1'|II

(1) Sohematio diagram
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Example 2.6

203 Cost of electrical energy
Electelcal onoergy is sald Hke alhee
Lot cangd

commodites. The prices

'I-'-"”Hll f Stale Irom
ane plice 10 anather Supply autharities, ke mony other

vty Troan stote Lo AAmeLnes

arganisations: sell thelr commaodity at varying roles sven
inthe one area, depending on the nee 1o which the encrgy
S TR TN Jrslll as well as e Cuontity L o and 1 he llrﬂ-l'-l-li
use: Moarkel torces, compaetition and the profit incentive
can cause Uiese tants o vory swidely and olten. A storage-
Ly Alecteic hotswaler Beder s genenally on oane ol e
oot tarills. These are conbrolled by o Thme switeh sothat
It operates only durlng a peried of low demand on: the
power stations, This method of operating during restoct 4
times s usually refermed o as ‘olfpeak leading' and s
affered by the supply authorties as anincenive 10 eco
nomical aperation of the power station; There s a grow
wendency In states ol UL

method of frequency conttol operated from o central

R ot Australia o to O
polnt dn this mannd individual saburbs can be switched
on or off ot will 1o suit prevatling load conditions | he
moethad overcomes the lack of Nexibility and controb ol AL
dstial tme switch, Due o the thotsands o alder installo
Hons st operating with cotme swil b it will De Some con
oielerable time before they are completoly phased oul o
apration

When o manual |1u|||_11'r:trt gw el s |||.|-,'|.1.-.!. 1o bl

the e ol anl :\[‘l'humr during |"~‘:I|..=|. when the 1oald

demoands, on the power Station e greaie the wales
hooter or other applianes 15 costed ot o highet rate
Farmers with trrigation systems ||||\'.r-r|-_| by electnie

motors operate under o stmilor system and ure Cntail

util_'ll Lo rrlggeate al night

294 Taritts

COviisumoers e |11|I;||'|.‘| by Vs (L CATH [l L :
These colodories Very

and thi

rates for eneigy vary gecardingly
fron state 1o state but indlude

*  domuoesti
& Corrimunily service

« commetclal and general supplies

gl
*  lodustrial
o Industylal thalk, high valtage)

1}‘.”"“:‘”‘ ,'\”I"'l*“l"i. h"l l;“\l”‘“l"j" hlll'll.-,' ‘.';lll"p*l“ll rolos

w.‘lll“ ll‘i' l"]l." IL'I.'."-:IH""- it .‘.-'\.Illhl-.'l'“;‘-I il“'hl Illh\ll' 1-5 O R ]
surnpton of 950 KWh in one perod of thre mintlis, Lhe

4 e aue

vigde off sfer iy

botiad fese units worild be Charged ot one mite, winthe later

units would be charged o the contumer of decreasing
fihies - -

Example 2.7 0

prviane restidence comuumes 11258 KWy ol eneogy pains
1 hotswalady thicdiar anth HH':H uk hiﬂ.k

ety ol the sl l.'r'l.' L r:H".'L'H “H‘

. [ = all unils 5.53¢ AWh
. nirral dormest ill units 14 G6elkWh
* FUTE IVl CYean A0 1R
! hetiiet Bl = Ry hd.Nl
ol 1Has 1 5.ht it nd
TR T 36, )
fital 5231540

2.10 FACTORS AFFECTING

RESISTANCE

I wiGis lhurlh'ﬂ ol o section 264 that an electromative
faree s neoded to overnoome the resistance of an’electrical
crciidt and covse o cument o Now, Resistance eqri be cams
pated with the friction grngountered by o ball rolling over
a rough surtage. In overcoming the FesisTOce the ball
loses envrgy, which 15 converted o heat. Similarly, ¢lec-
trons lose eneray in overeoming electnoal resistance ungd
the Iost eneray s olso convertad o heat

Dffercent types of matetluls and surfuces otfer varying
amounts of opposition 1o & maying olyject and in @
dmilar fashion different types of condus for materiul offer
varying anms snts of resistunee oo the flow of an electrical
current

Al parts of an eledtrcal chrcuit affer resistance 1o current
ow; the supply sounrce, tue conductont and thy load. o
compare ditferent elocrrical conductons, a standard 1§ ae-
casary. Phvsical size 1S the ¢usiest to cantral so Jength and
cross-sectional area are used. Wihile sliferent materials
have different reststances, (& must also be recogrised that
temperature alfedts the valoe,

Fhis the factorn affeching resiSIHEnGe i

« length
# CIOsS-SM Honul drea
« ypeal material

¢ lEmperatune

2101 Length -
Flectrical tosistance 5 assoclated with, the Imlltai_;?qﬁ'
botwecn moving electrons (the electric current) and the
electrons and ,,_1[.._;[“3. of the conduating '_l-““l-"l“ll]'* mm
of the current flaw, the pnumber of collixons Cousing o
Leinstaen
length of the conduicting peith,
conductar is propartional to ks length:

R I - . .

17

of onergy e heat indreases directly with the
That s, the resistunee of a.
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seen, the increase of resisinnce with empemture 16 bask.

10.4 Temperature (temperature
coefficient of resistance)

FOT SOITE mdatenals, an INcredse i 1.*.‘1"1"]‘['1-_':'-Jl;".[:_- COVSES 0OF
Increase in resstance; the materals are said to have a
positive temperature coefiicent (FTCL Where a materal
has a lower resistance at higher emperaiures, it s said «
have a negative temperature coefiicient (NTC). Some mat-
erials are specially made Into resistoss to take ndvantage
of these charactenstics

The temperature coeffictent of resisiance i

defined ags the change in resistance peér oan

| per degree Lelsiis.

Because resistance can change with tempernfture
values of resistivity are specified at a particuiar tempera-
ture; The resistance of most metaliic conductors Increses
with temperature (PTC) and over a limifsd range e

increase is a linear function ol femperature
o it. This leads to a methed of caladlaning the
of conductors at another temperature by whal

resislanee

1% ',_l]li."_'lll

W lmeat IF o length of copper wire has a resistance of
Bg $2.a1 0°C then theoretically, it will have rero eSistanc:
at ~234 5°C AL a temnperature 1, the redistond wonld tie
Sy widle at 5 i wounld have imoreased to B, Kngwing
ilue of resistance at one temperature, the value of
ancther lemperoture ¢an be caltulated from he follcwing

formuilg

the

R.(A4 & & !

L] - - =
-[:_ = l__ — il
- 2345 & 1y}

where Ry = resistunc: ot temperature f,
Az = maEionge of lemperatars £,

Example 2.11

\ second methed for calculating resistanes walues ot dit-
terent rc—mpsm‘turrs invelves knowing the temperature
coefficient of resistance (symbol =, pronounced ‘alpisa’s
The T,-*’n{;"%m*u.m coefiicient ot a given tempercture S
defined as the change in fesistance per ohm per degree
i temperature. Toble 2.5 lists some commingos
and their temperatire coelfiGents Of ressstance

For mast metals the change im resistonee }'lfl'ﬂhlﬂ iﬂf
degree Celstus 1s constant, but the coefficient is notl since
it is compared by a ratio with the previous value of resists
which has changed with the difference In tempens-

# Rt e

drLe
The temperature ot which the vaiue of the cosiiicient

[-‘;[5_ 1

is effective is usually given by a subseript (o the symbol

-,!‘hlf‘

the inferred zero methed. The inferred zero value vanes B
Ressiance
1R Oms
"
7Ll—. A,
-/,,-r | L&
>
___,_.r: I ~
- I |
AT In |I
_,-"""'r'. |
.r""_"--' '
i'fi,‘.-"h.'.,_j:‘-‘.j- 1 ' T
— - 1] amperature
- = = |:- C T, Ig"

Inderred
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Flgure 2.21 » Fllect of temipicrature on resistanoe
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drop iOhm’s aw, V= [k} & . | .
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the voltoge drop 15 nol 1o« o 1! | _l
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tag i i3 V zuwply. this means 12Y is Uk
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IMGXTIMLET i '.';.II1
ra LAt 16 where the conducior resistance s
i ., |
iV a 1 i “ = i IS
¥ (R s 1law
| - N
45 V (less than the atlowable-maximum
T
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1
) ‘I §

.4 Resistance tables
Conducior
eqsily

reasiance can be « stabitshed l_._];Tj}_'J:,il!'lf,".r_"_:‘-.
appropnate lables, The !;L'unnn;jl
5 lten given in ehms per 1000 metres of cable
and, by proportionate scaling eithes up Or down, the resist-
SNGE Ol any particular length of conductor can be ablained
Por example. for 10 mm? catile the e

reference 1o

resalanoe

resistance of 100 m is
ould then be 0.179 @

any

1.79 & The resistance of 100 I W
Ldre shoulag o aken
B Ty ACINTE 2w
1..5_..:._1_'».1 lri. gy P r'\J_'- _':-f:uhl-h are not I'j'i"l'lhl-“-:d U’”th !h-"
T‘u s given lor the resistivity of copper in section 2 10 2
I‘HJL,;:: ‘-! - gt B =, ot A
Ihe resistivity value given in this wble is for 100
HET cent pure copper, while the :
“opper conductors is in

thal resistance values

1€ jpurity of commercig]
the region of 95 PEr cent. Effec-
lectnical cables is ¢ :

b =CANIC 515 about 4 165 pe
cenl ugher than that of pure COPPer at the e 1
atiire; Any resistivity table used
elisure that the guality

Hed as either pu

hively the resistanoe of g

MIME temper-
le should be examinied to
of the conductg tnaterial is spegj.
€ 0L commeraial grade 1

212 RESISTORS
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of rrmia:f:f::.tm vlectrical compongnt thoy has the
T3 2 ANce can be gn

“onnected into o cirouit 1 produce o advanta

can b o di i '
' disadvantage when s resista

undesired offect ' BEE produces ap

Any wonductor COnnect

n
tuﬂ_‘rpfrutum liss -rﬁ_!rlﬁtctnu:y » 1ﬁﬂf! S
vanlage, since voltage drop.
these unwanted eff |

: effect, ' |
IarGeT 10 Ensyise the efectg umiﬁer:fuﬁ bl vec

IJ r{}p{;ﬂ}-

§€ when
4 particular effecy, 1

Flgure 227 . Resistor types

he following materal appiies to resistors

struction rresistance has a finjte Valye :]tlli,“mh‘!n
gred necessul)  thi I“‘“'”"”“i O an '.'J'L'rli'ilfif l: HT"}m_«
For most electrical work, ‘resistors are rrulﬁrrlnh.'ru”
either al I 'metals or from a carban. ruur.-:h::m iy
A lew are made lrom a compound similgr pq u-nlf"”'-tr.-i
ductor. Th wre called non-linear resistors unr;mmh'u-
cussed 1n section 2,13 d o g

I Wire-wound resistors

fhree resistors are shown in'Figure 2.22

[he feg
o SOT oy e
15 constructed with ihlnntr wi T3

v .a lesser current than that of the
in Figure 2.22(b)

top in Figure 2.22(a)
can, Carm 1 rl"gﬁ:-:
can cal TESISION shgye
fysical sz tm:
s a. rating

[0 dissipate any
credated; or eXcessive remperatures wiiliresult:

Uwing o ils greater p
current-carrying capacity, this f""ﬂwh"l-
50 W, It needs a larger surface areag " '
]t
Fives <o
resistors are usually large enough to label tht-.'-::: l::n‘i;[:ﬂh
resistance value and power rating.

Both of these wire-wound resistors are fixed in value
but in Figure 2.23, showing some basic symbals, it can s
seen that there are four resistors of this type that [U.I]'Er:
adjusted in value. The second and third units from the h
cin be preset, while the fourth unit can be adjusted 1113
in service

Resistors that can be varied while in service are often
referred 1o as rheostats. They can be wire wound or the
resistance element can consist of a carbon-based film, Th
lype can carry only very small currents but their rﬁm-
ance can-usually be varied over an extremely wide range
The physical make up of a rheostat often consists of the
element manufactured in a circtilar pattern with o rotol:
ing contact able to be moved around the resistor elemenl
0 vdrying the resistance. Usually both ends of the retst
ance element plus a connection to the rotating contact ofe
brought out to suitable términals. |

s 1

2 Compound-based resistors

{_arr -
-arbon-based or conductive film based resistors are phys
ally smaller and have lower power ratings. Commi

/. /

)

AR

End cap

Carbon-film coating
e Carbon-compound resistor

Symbol Objgct l
: g —=3) |
= ( hem——

Fixed raosisior

B
o)
_jl‘_ -J-_.-;‘ —— _,J-‘.----f u1f"
7 AR { .- 1
Ad|ustabla ﬁ"')k
rasis|orn '
o T e
[TTT]

Tapped resisiol

Variable rasistors | J.)_r!-".*:l

—
—
im,
—_—T

.'"r"'::i.‘ '\
S .

|

Figure 2.23 = Basic resistor symbals

ratings are ‘i W, 'z Wiand 1 W If these ratings: are
exceeded, rapid heat production will occur and destroy
the resistor.

The construction of one of these resistors is shiown in
Figure 2.22(c). The resistive materialis placed in the spiral
nt'JIth body assembly. During manulaciure, the actual
composition of the compound can be varied so that Hjn_.-
same length ef spiral can be used 1o make resistors of dil-
ferent values. _

Carbonscompound-based resistors are OHER
that their resistor size and rating cannot easily b
imprinted on them. This led 1o the des elopment r.v% i h’tdf'::
dard colour coding scheme for identihcation. The colourad
bands on the fixed-value resistors are placed on one end
during manufacture. I e

A later development of the carban-based resistor was the
metal-film resistor. The thin layer of compound plat Ld m
the spiral shown in Figure 2. 22(c} 15 0 metal-based 1'1_::.%.*»[1': E
compound which replaces the carbon. .-fﬂh'.*r munuluguu;.
the resistors are coated and branded with coloured bands
to indicate their resistance and tolerance value.

Carbon-based’ film resistors are ulso munull:lcmrln'l as
variable resistors and are then often called pm'vh*ﬂ.tful‘ll.t:-
ters. The volume control on a normual [l“hl.T hrullie
example of this type of variable resistor _!l ir; a!ll_nj::‘:lr \n
Figure 2,23 beneath the adjustable wire-woune resisi

¢ small

2123 Power ratings ; the resistor
The poswer rating indicates the number of 4l e I::::nw
can dissipate without excessive heating [“mluﬂitunﬂ uslud-
power is often wasted (#R),.), because the hea! ; ?I-'r lower
For largen power ralings, resistance wire 15 usec i

power ratings, a rarbon-based composilion i3 e

oo L viids oF Zecerbiey

The composition resistar gives good resistanes stability
with both temperature and dge. The mﬂ.fﬂl'lﬂl uw
on o ceramic body in which a helicnl groove is cut @ give
sufficient length. The physical size of the resistor body is
often the anly gulde to its power rating. As.an indication,
the 0,5 W resistor nos-a body length inthe orderaf 10 mn
with o diomoter of 4 mm. '

2124 Resistor colour codes :

The compasition resistor Is generally suitable only for low
power circuitry, Physicaliy. the resistor is much smailer
thon o wire-wpund resistor and there IS a difficulty in
jabelling it with an oppropriate volue of resistance that
can still be read. A system was developed using combing-
tions of colours. The original system comsisted of three
colours (body one colowr, one end another, with o colaured
dot on the bady) and the resistor was generally within a
tolerance of =20 per cent of its morked value With
improved monufacturing methods the physical size wos
reduced by using special compounds _w_llhin @ spiral on g
ceramic body. This is shown in Figure 2.22(c). An improve-
mient in accuracy led o closer lolerances: This in turn led
lo the use of three coloured bands with a fourth band
being added to indicate the twlerance when desired. Ten
per cent and 5 per cent mierances then become relntivelv
common. This stage is generally known as the four band
code (see Fig. 2.24). The standard colour cedes are shown
in Table 2.4. it should be noted that In MOsE CAses t_hg_ml-
erance band fs spaced slightly apart fronu the main md}-
cating bund and is always to the gentre of the resistor bady.

Examplé 2.17 |
A Tlrtire v § Tubty 28, dotormine the esisiange
b rEStors

o Yo gan i the

. ¥ i - i
)i [ 11 it AR

| ! Vel lrid's _|'||'1 1!

npst sig howre = SSlncs = Byedlow e
Tie ' 10 per ke LOlpponice,
GO0 000 = Q5 ML Ot
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, 5. 7.000 =47 006 = AR EELwithuihe =8

11 Band indicating £5 per SrnE DlEnanGes
. . i il
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Figure 2.24 » Four band cotaur codng




Table 2.6 * Rewston colour ook d)\aree) i e :.l‘.“'”: 5 blael il
"";.ll 1tor) 115 with o ‘-I’lq- 1 ! {‘Tun
= ~5 ¥ | i I i [1 rn ‘j[; 1
' SH_.:]IF‘HTIL._IHTL : Resistar valil 3 0-0-0060 L gy I""”'ii {thy
Coloor figures MuHiptier Tolerance Bn at tolerab ‘ bt ES 1 \
e LSS Delore i UXam :I‘ .!L‘h‘Tm
B*JLL- 'IT] | ;1-1:1 (R QUWIT | arst sig, Naure | i 3 | € 2]?! '
1l | with w = Dlagk, oW
Beewin . v A LT Vel B ;W | "'l""‘F”]"r.Jr; ol ._.[}
Moty { v {iv) N " Nt : S | UM
%\ ik | =~ =) |.r'|, M ”I | 20 2
Re . 100 {10<) + 2% ES el tolerance A 0007 1.2 ".H#
1‘_1|,qr.,_1,'a : 1 000 (102 [ Y&l how T 1550 SId. ligiire 4 viodes 3 * |' .
} l i = . 1 it
"'n{.'”f‘_‘lﬁ | 10 000 | (3} I . :lil-l"t !'.'J-'['.Hl- i Ilj.r”_i Gk =)
eSS Ao LULI .i -_I-I[.q A7 ~
Green 5 100 00 (10" : : D000 = 47 ki) at
TUEITEE G5 DEIOre 11 ooy 1 ]
Bive 6 i 000000 (10%) mpe 213 t
i il | (11 ' (] i |'_ (1 1s § " '
Viok! 7 WIRTDANGS Trom the fiog
1O OlOMT COrle o rl‘”'”"‘itfri_l
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White U >
=t Fs : .
o - - o 2.12.5 Preferred values of resistors
C e o With the iwdea o :
MIVEr = 0.0 =10% "\_'“ € ddea of ationalising the manufacturing o
‘\f"._-lrﬂf —_ + 2y I}IEI ”L“I”tfll ":? "“'r'r'..'”“”! "r'L]Il“}}‘* 'q.‘I .Fl Hjﬁti'lr‘j I—] 'rm&'&
: reduced to g standard called the preferred mﬁ i ™
TN, : ) (e,
The range was based on one movement ul'ﬂ:lje I¢
mig ‘u-.l]{, '.!IL-:'LI:_-.'_]' ino [f!.illl_j] 5;}!_“',.-1.'_ -I"‘.' ‘_hnﬂ::gjnﬁr
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preferred range for thre

Invided Value of resistance must be tolerances ¢ Selleg
LAY Y W g or 100 = Y in o -
nades by either 10 or 100 aepending on which colour is
used ol "
Tﬂblf T Prolarmed v s
. - ricicited range of resistor valiias
Five band ¢ S ML
e Dand colour codes
As the manufachuring vrae 20% tolerance 10% tolerance 5%
ni PG process further improved it became 10 | o
It L_..'“-_\"._']-'. '_I' J-FII-LI;'L'”J;, ’1 §C o il ) { . L | 28
- E IMETGICES UN SIStOrs ]' g 10
ac Fac AF oh '. _ . CESISILTS hr
LITREC 1 ine FeListing Being -'ni[.'f'-"‘-r-._i }1. e | Ad IG
range of standar ' ‘ e SN
n :: Hindord or preferred vaiues being produced, g 2 4
ST in 1 y \ - . LR, 5
POOSTLIN dable 2.7 This led 1o the introd s pl-cp £ 12
oand of colour Cur raduction of 0 N
Sl LI LIEnuy resistors oy il
o : ~are rellubly o Yle
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2.13 NON-LINEAR OR

TEMPERATURE-DEPENDENT
RESISTORS

[t was shown in section 2.10.4 that condii tor resistance is
atfected by temperaturg [he rising o hliltm_i characteris-
te can be used to advantage in electrical cire uits. Where
the temperature of a crcult or device rises, the change In
reskstance 15 used to alter the circuit’s behaviour 1o com-
pensate 1ol the lemperature ‘-'h'li'“.'l'r'_ With electrical
machinery. the resistors can be used in crcuits that will
switch the power off if temperatures shift outside o spect-
e range

2.13.1

Positive temperature coefficients
(PTO)

Metals generally have a positive temperature coefficient
of resistance, bul a PTC semiconductor resistoris one in
which the change in resistance is greatly increased over
that change in a normal conductor. Two main maoterials
are used. One is a metallic oxide such as barium oxide,
which has a large PTC over a limited range; the other is
silicon based with a smaller FTC overa larger range. The
typically shaped characteristic is shown in Figure 2.26(a).
he more usual method is 10 show the resistance values
on a logarithmic Scale, but in order to show the sharp
knee of the curve as the PITC heats up, o representative
curve has been drawn from test results on an actual resis-
tor, It can be seen that the resistance is only 4 £ at room
l[emperature but rises I’t'lpl('”'.' once the temperature rises
abhove about S0rC,

2.13.2 Negative temperature coefficients
(NTC)

NTC resistors are made from oxides of chromium or nickel
that have been maodified by the addition of small amounts
of semiconductor material, Similar tests were canducted
on an NTC resistor and the results are shown in Fgure
2.26(h), Again the more usual logarithmic scaies have
been avoided, The test resistor had a resistance of 2000 42
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Figure 2.26 » Tempertuie-dependent fesiston

A s Cf whe iRy

at room temperature of 10°€, and when raised 1o 80°C

the resistance fell 1o 4 2 The charotteristic s shown in
Flgure 2.26(b)

2133  Low temperature coefficients

In some crcumstonces o resistor s required to refain s
value aver o range of temperatures. Special alloys have
been developed for this purpese, one of which is mun-
gonin. In Table 2.5, manganin's temperature coefficiont is
given as 000001, Its resistance chonge 1s so small com:
pared with metallic elements aenerally that it is often
listed a5 zero. Manganin is used where resistars of high
temperature stability ore required, o8 in medsuring
instruments,

2.13.4 Voltage-dependent resistors (VDRs)
A voltage-dépendent resistor 3 manufactured fom o
mixture of maternals and is usudlly presentedin dise form
with two leads for connection into o cireuil. The VDR is
connected in parallel with the voltage supply close to the
circult it has to protect. Normally non-conducting, it'is
given a valtage rating at which it breaks down and con-
ducts. Its primary purpose is to profect equipment against
voltage surges such as lightning strikes. s response dme
ix extremnely quick, an obviously necessary charactenstic.
in some circuits VORs are intended to blow a fuse or trip a
circuil breaker to isolate the electrical cirouit being pro-
tected. Depending on individual circults the VOR might
have to be replaced after it hos operated, although in -
some circuils, once the excess enengy has been dissipated;
they can resume normal aperation,

2.13.5 Light-dependent resistors (LDRs)
Most light-dependent resistors are usually made from.
cadmium sulphide mounted on o plate and coverad with
a vacuum-depasited metallic grid. To ensure there s no
build up of contamination and t& protect the active mate-
rial the resistor is mounted in an evamﬂmd:_g_]ﬂﬁﬂnvﬂltipt
or covered with a clear moulded plastic surface.

The resistance of the device varies considerably with the
amount of light received on the surface. Typically the
resistance in compléte darkness can be as high o5 10 M
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3. Radiation =
Heat energy Is transformed int radiant energy, 'ﬂbﬂ;
sienblar 1o Haht or radio waves, In this form the e -
travel consliderable distances and cian also Irﬂvm

a vacuum. When interference s met. the energy o
back Into heat eneray ot the obstruction | '

2. Convection

2155 Thermal conductivity =
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The rate of heat conductiogn 1hr;-.ugh o maoterial htﬁ!- 1

ured in watts and depends on:

L temperature difference (gradient) across the mating '
2. crosssectional area of transfer prath .
. length of transfor path '] .l
1. type of moterial, |J|
The best conductors of hedt are metals; pmrmndl,lf_lﬂ;

such as wood. of gloss, offer higher opposition (o he
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2.16 EFFECTS OF ELECTRICITY

Three effects of electricity hove been mentianed
They bre summarised briefly. in wections 2 16.1 10

sectlon 2164,
2161 Chemical effects

Reference was mude (6 section

so fan

A fourth, or side effect (physiologicall i described 10
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device in which & wpaater is chargad. Eecrodes con
nected to the machine are placed Gt appropriate places on
the body and the capacitor 1y discharged in an attempt o
shock the heart into resuming nonmal rhythm

2.16.5 Supply voltages

Retuced power losses generally squate with higher volt-
ages To =dute pOwer Ipsses, he resislance ofF ransmis-
sicn canductors must be reduced as far as is practicabie.
The only steps that can be taken are o incréase the ross-
sectipanl aréa of a condactor, thus decreasing 115 resist-
ance and ot the same ime decreosing the qurrent fiowing
throuah it

Incraasing the aoss-sectional area of a condugctor 15 a
task sasiy accomiplished by reéplacing the conductors with
larger ones. Decreasing the current flowing through a con-
ductor and still maintaining the same pawer levels means
that the violtage of the supply must be inceased. For
example, the fumily-room television mecegiver tokes about
=0 A on 240 V but would nesd more than 100.A if the
supply voltuge was 6 V

A 415240V S0 Hz supply with sneutral Is standard for
most installations in Australia. These voltages are o com-
promise between standardisation, safety, conductor size,
pmcmical convenience and economics. The possibilities of
glecinic shock at these vollages are inctreased, but provided
Ei:HIEb_T*: prﬁ.aalﬁ{in.i are taken, It is considered an accepl-
:jf;i :1_1!-_ g"[ut:;j:f:k;:crt:Ii.-fjn[:-:am‘m AS'NZS 3000 detuﬂ:i
: elimes fn ailotions under these condi-
tons. There hios been some agilotion to adopr the Euro-
Pean <sandord of o 230400V S50 Hz supply but with
f;nniigui!}-l tr‘nelnﬁ:”::ﬁp;r {2 th‘asdmlgt. The genera)
2267380 V60 Hs sumh. 3 St and Caonada g 110-
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2167 Treatment for electrocution

Remove victim from the supply

fumm off the power supply if at ol} possible and remove the
electrocuted victim, If the power supply connat be turned
off immediately, do not touch the vickim without adeguare
precautions. Do so anly by indirect means; for example,
use a dry piece of wood or rope as insulation for yourself,

Articles of clothing can be draped over the vidiim so that
he ar she can be pulled free of the live conductorns

Decision ime—what type of resuscitation?

Once the vicim 15 removed: from the electrical supply o
decision has to be made. There are two questions:

1. Is the victim breathing?

2 1s the victim's heart beating?

The answers o these questions determine the rescuer's
next steps, If the victim is merely unconscious, oction may
not appear quite so urgent, but action is still required. If
the victim's heart has stopped, chest massage Is required.
If the heart is beating but breathing has stopped, then
mouth-to-mouth resuscitation may be required.

The application of chest massage and mouth-to-mouth
resuscitation is beyond the scope of this book and refer-
ences (o propér training should be sought elsewhere.

Assistance

It 1s important to call for assistance. Sufficient information
must be passed on to a third pariy to get additional help
and/or resources. In the meantime, the rescuer should not
stop resuscitation actions until directed to by someone i
authonty.

2.17 CIRCUIT PROTECTION

Electrical circuits are designed to work with speciic
maximum values of current. The circuit can be used for
loads using lesser current values than the designed value
but must be protected against higher valugs. For example.
a 20 A circuit would be wired with conductors capable of
carrying 20A continuously. It 15 not designed 1o camy
currents in excess ol this fgure.

2.17.1 Overload currents
An overload current is o current flow slightly greater than
the designed value for any circuit A current flow .nf 30 A
or3s A ina 25 A circult would be considered an averload.
Overload currents can be deliberate or accidental, Multi-
ontlet power boards ore available with six or maore
general-purpose outlets mounted on them To be mt:f :l'
légﬂlly approved lype tht‘:};l :l;tuil have some 1o
urrent=limiting device instatied,
m‘ﬁ&-ﬁd}* -ﬁtl&lplers plugged into gene ral-purpose ﬂlalt!;?.:
enable two appliances to be used from the ﬂI_lﬂ_"lf:" L
They enable a gircuit to be overloaded quite easily i
there i no form of current limiting installed.

2.17.2 Fault currents
A fault current has a value greatly

|

in excess of the drauats

25 A circuit would be treated as a fault current 1t is often 5

Grckitid By s ..I.“wtanunzupplldm;::nr-mncmm__ ».
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ance of the supply lines. For exc
lﬂﬂ:dumE_Sﬁ? SO _‘.- ,-;-?"" I’
bodrd, the current that would att

rated value, An excessive current flow of say 1500 Aina

nearly 1700 A. A length of 20 m
has o resistance of 0.143 2 sing Oh
l=240/0143 = 16804
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rating (o be obtained. 1t is found by ¢
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obtaining o power

29.1. 1t is, however, cailed @ volt-ompg
item of equipment has to be bullt &
values; that is, 1680 A x 240 V =403 2¢

The current flow would not

I e

ance of all the conductors regening back
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2.17.3 Protection devices
While there are a great number of yardations
tection devices available, they can general Ty b
into three groups s described below. -
AR T'..
FM - ey — |¥._ x -.x-"
The cperating principle i ane of fasing) {rr=ion
nated position in the crouit ﬂ'm =),
is to protect the dreuit and any connected equipm
Gircuit breakers = oy
power to the foulty croult Thiscan.
or the magnetic field generated by the
The intention i$ to protect the Grout ahd: GRS
equipment. s r:J !
Residual mtdmg N
Thﬂ' Wﬁ“ﬁ Fﬂl:!uplﬁ ‘. L-‘ f1'a;-r"!_i:'_- =+ e
the circuil when an unbetlnnﬁéﬁJ d"
cussed in more detail in section _'-”wﬁ_
protect the aperator of (he cincuit mithies &
and any connected equipment.

high for safety. 1t does, ho
of fault currents.

2.17.4 Fuses

A fuse holder and fuse S an lecied
a circult 1o protect that Credit Gaains
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magnetic Grosl bredker ore spular o those for the
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s that the time delay of the magnetic fype is ulemost fon-
exivlent—o few thousandths of g sscond

It ras been found that o more proctical cieoit brecker
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currents, while the thermal section i3 better suited o
handling slight averiood cutrents and only iripping affer

a short time delay, It Js diso fitted with 6n Gre-quenching
mechanism. '

2.17.6 Residual current devices

Core balance devices have been developed as a means of
protecing users from lhe dongers of slequic shork
Previously called earth-legkage croult breakers, ‘which
wased them 1o be confused with another device, the
nome vias changed to residual camrerg device (BOD). By
Australlan standords i1 s for nll new instalic-
tioms. and/or ciircuits 1o hove one insalled.

An BCD is conpected in series with both conducton w
thal the current in one conductor returns via the
secand conduitor. Speciol versions are available for three-
phase work.

The operating principe is bassd on thot of o bolanced
difesentiol transformer. In Figuare 2.34 it con be seen that
o wroidal magnietic core has thres cotls wound on . Two
of These gre identical and are connected in weries with the
connected load. Each bas the same number of turns of the
same size conductor, white the winding dirsction iy such
that eoch cof) creates o magnetic fiw. oppssing thot
created by the ofher ool The net flux in the oo is there-
m_ %’lﬂnm:immﬁwle the two identscol
: wwwm flowieg through them,
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Latmadive: bedt willed
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Heensing requirements there areé now two guiding
bl o Authorty Council in
whith the local lHoensing authority has representation,

The Dlecdnical Regulatory

and the National Unifarm Electrical Licensing Advisory
Counctl, which congists of members from tralning oraanis
sittons angd other interested parties. Flexibility became the
ISsue beoause of the continual changing needs of Industry
atud education generally :

This latter body considered that a national policy
nended fo be atlopted and o wlatively common QNNess
ment procedun: develeped, Statements of required compe:
toncies have been ssued and all A Qass ele

___SUMMARY I

= Muner is composid of molecules snd atoms,
EMectrons ane parts-of atoms and are negatively charged

-l
= Matter can be charged by adding or sy i
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are expected to comply, It is then the duty of Reglsftmd,
raining Organisations 10 ensure that they quide thule
students towords reaching these standards. [ridustry hos
been requested. Lo pul In place approved training exi
assessments lor thelr trainee electrical warkers. 1100
expecied that electrical workers failing to achiove thes!
standard exit assessments will remain as trainees unles
and until they do achieve the required standard Aty
further assessment will comprise both practical and

theoretical skills and will be done at the student’s owh
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EXERCISES

If the type of current flaw is not stated, then conventivnal
current Hlow is assumed AU Hows fram the positive side of
the .‘ELI['!PI}'. '"'ll"ﬂll';]h 1hie tuad, and then 1o he n&gatwe
polarity. :

w Electron flow is from negative to positive.

« Electrical pressure is measured by voltmeters and eutrent
low by ammeters.

- Ohm's law-describes the relationship betwien viiltage,
current and resistange to current fow in a :Ir'ci.:h:ﬂ.?wm:

« Electrical power is measured () watts (£ = V1), '
Electrical energy is measured | watl-hours (W = PH.
Electrical energy is charged by the supply campany at a
rate called a tariff (o /kWh).

. The resistance of a metallic conductor is gguﬂmﬂ' by its
length, cross-sectivnal area, tempeature, ﬂﬁd'ﬂﬁe--typé*ﬁt
material used (rasistivity), - '
Conductor resistance causes temperature rise and power
loss in a conductor. It shows as a voltage drop along the
conductor. -

« The temperature coefficient of resistance Is an indication
of a conductor’s change in resistance as its temperaturs
alters, ' '

w A supercoriductor is @ matenal of negligible resistance.
This oceurs anly at very low temperatures,

« Resistars can be' made from highsresistance conduclors or
they can be made from a carbon-based material,.

« Resistors made of special alloys have a resistance that Is
constant over a range of temperatures,

« Heat produced by electrical energy causes a rnise in
temperature,

« Heat energy is related to temperature only by specific heat
capacity. :

w Heat is transferred from points of high temperature ta
points of low temperature. F o

« The rate of heat transter to or from a body is governed
by the material’s thermal conductivity and the method by

which It is transferred.
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i.2 Mo do atoms ol The varous ¢ bernonts differ! 211
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24  What s a loee electoon? a1
2.5 Explain the medning of thie t@erms pasiie came andd - 2,14
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2.6 What plectrical teatures ditinguish an mslatar from 413
A conductor? 216
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235 Caltulate the restance of 3 100 m reel of COpper
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O Coouiate the maistance of s m of manganin
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What Ssngth of Nicheomse reagancs wire with 2
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A680°C, Find the Wﬁﬂg Tﬂi[ﬂm[}' ““ ' Y ’ ! | | ] _am

A length of 200 m of 825 mm diameter Copprer
wire I8 used in wanding o ek coll. What is the
resistance o the coil at bath 20°C and 40°C?

AR 1 a2 KW radiator bs uved 160 4 hokirs per day asd {b} Qe
the tandt is 152 70WHh, how much would the radiatos
cost 1o operate for a five-day week?

3 49 Lt the indicated values and tolerances for the {", Brown .
) L' AT . IOWING Tesiloes . =
resstance of M2 At 15°C. What S e : RHIgWIngG T | - . Ay m lﬂi‘:q
‘h.“t. - (&g |_'|| 'l...lll“l :' "I " I [_J.l i'l"i" Wi L e Ulve m Huﬁ- red
: () brown Qreen QrAle gold. u's
b g i = o 100.0 0 o ipet (@) red red black ne F
i the tesistance rses 10 1852 O :ﬁﬂ"‘f, . b Dlat qold - .
tempPeTat ¥ st frCient of resist M@ Y wh t'-l] Jree) LHE h& . :
iR D A » - »en black vellow goki
determine whsl metal is used to make the m (&) greet .
: 3 (h  orange  ornge brown gold . |
An BRI LD Taises: the temperatire of 12 Ly (@)  brown red DTG st . i
water fram 1570 o 60°C in 25 minutes. Witha. 9
supply voltage of 40V, aateulate the Clirreny . =
from the supphy. assuming theae ane no heat o
Animmerson heater requires 60 m:ﬂl.i'li‘&h}l‘ﬂ . ' Il

40 L of water tram 15°C to l"(‘.'-lhng xamt, Aﬂﬁ
O losses, Caiculale

(@) the heat energy required in jouley
{h) the kitlowatt rating of the element “

(C) the cost at 14 62¢ '"\Wh., ul

o
A codl s 1o be wound with 200 metres of capper

Sing 2 om wide by 0.5 ¢m thick. Calculate the
resistance of the finmdved coil

What will be the resstance of the above coll #4
atans a working temperature of 60°C?

A coll of coppet wire has a resistance of 4.0 ﬂ"l!;f

femperature of 16°C, Find its resistance at 5‘.1:'.. i
a0

The 12V held winkding of a generator was Nieaue
ot Tound to have & resistance of 2.16 @ atthe .
ambient tempetature of 15°C, Undes operatng
Condtions the temperature of the winding ross
45°C. Cakadate the new value of the frekd cumesl

1
W ah odlfilledi distribution transformer, the S
o ane of its windings was found by measurermenti
B 975 52 ot an ambrent temperature of 17°C. 08
foad, the average temperature of the windings =3

13 distsituition ransfarmer, the resistance of one® ',- = et
o LK ‘ b ) i _'| ﬂ:l- e - - . o
1 WININgs rase from 4.52 0 at an ambient |
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3.1 INTRODUCTION

Iy this chapter the fallowing terms are used with respect (o
i electrodes immeérsed in an eélectrolyte. An electrode (s
1n plectr il conductor in contact with an electrolvte. Thie
electrolyte 1s a conducting medium in which electrodes are
placed: it provides a current path between the electrodes,
and Is often o liquid (see Fig. 3:1). Electrochemistry In
e neral refers o two opposile processes—one using ;.-h“'-
rrical energy locreate a chemical effect, the ather a chem-
ical effect to create electrical energy

rhe first process is often used in electro deposition; dn
sternal voltage source is applied across the electrodes and
a current is made to flow through the electrolyte, The elec-
traele connected 1o the positive polonty of the supply 1s
called the anode and, following chemical changes, part of
(ts material is transferred to the cathode or negative elec-
trode. The anode is eventually destroyed. This process has
been adapted for electroplating and the refining of metals.

[he second process converts chemical to electrical
energy Electrical energy produced within a cell by the
chemical change 15 able to flow out of the cell W any con-
nected load. There are two major groups. ol cells: 1n one
group the chemical action is such that it is not econom-
ically feasible lo reverse this action, 50 the cells are simply
replaced by new cells. In the second type it is feasible 10
overse the chemical changes that have taken place so
‘hat the cell can be re-energised and reused.

3.2 PRIMARY CELLS

with the availability of modern supplies ol electrical
energy from mechanically driven generators, it'is difficalt
to assess the importance of the pamary cell.

After the development of the generator as @ SOUICE ol
supply, the cell was relegated to a position of lesser impor-
tance and in many instances became a matter of only
academic interest. Today the imponiance of the pnmary
cell s again increasing, owing to the development of
semiconductor technology:

During the development O} the cell from the original
voltaic form, many types were proposed, but the one that
has successfully held the fleld is the Leclanche cell. The
modern form of the cell still hos a prominent positon,

Eiecar e witneds |

although many types of call with different constuctions
have been developed comparatively recently.

3.2.1 Voltaic cells

Figure 3.1 shows a simple voltale cell consisting af two
metal plates, one of coppéer and the other of zZing,
immersed in o solution of dilute hydrochlonc acid.

fhe acid need nof be hydrochlore acid. Other acds
such us chromic, acetic or sulphuric con he subshituted—
indeed salt solutions such as common salt or copper suls
phate can be used. In order 1o obtain a difference ol
potential between the tw alectrodes; anly two copditions
are necessary: electrodes must be of different metals anid
immersed in an elactelylic solution comprising an aad,
alkali or salt. Recause of early work in this area these eells
came 1o be known as galvanic or, more popularly, veitaic
cells ofter two men (Galvani and Volta).

The container is made from a non-metallic material
(e.g. glass) that is not affected by the ocid. It must not be
made of a conducting material, and care should be taken
that the electrodes do not tauch each other

Dissolving an electrolyte of hydrochlonc agad (HCT in
pure waler allows some of the acid to separate out Into
positive hydrogen fons (H7) and negative chlonne wons

(CI-). Some of the chlonne ions attack the zinc ond creale
positive zinc ions (Zo*7). This leaves free electrons on the

vinc electrode, giving it a negative charge, The positive
ine ions combine with other free chlonne lons, forminc
sinc chloride (ZnCl), o solid which sinks to the bottom of
the container.

simultaneously, positive hydrogen 1ons move Geross to
the copper electrode. There they ¢ombine with surfoce
olectrans from the copper electrode and becoms neu-
tralised hydrogen atoms. The hydrogen nses to the surface

of the slectrolyte and escapes oy free hydrogen gas. The

cermoval of electrons from the copper electrds causes it to
have a positive charge, and the vell has a potential equal
1o the difference between the negative charge on the Zine
alectrode and the positive charge on the copper electrode.
This potential difference is usuaily about EV.

This simple cell is not very practical because the
copper electrode becames covered with hydrogen gas, 50
preventing hydrogen. 1ons foking further electrons from

Posilive glectiods —

-

n

K HC| elecirolyle

-

" 1 r
ZnCi J/

Flguare 3,1 = Simple voltac cell

&1




Flgure 3.7 '« Lozl arunn

B

Electrode potentials

It was mentioned

ihove that wo dissimilon

electrolyte form o primary cell. Bey

metals

metals in an
use ol the number of

Arpl e3if _-1"IJJ'_':I s .|'_':_]..‘_=r p

standards have bees
e ra— : o ¥
developed by using prescribed

. elecirolvies and electirods
"ll L] L - P e 1 .1|. !.I-_‘
'Iltri 1f|] Irll-l“"r'_: rrii_]u;.-!--' Jik ¥in Il- [ire T.II'{"qI o T j ;
igtall = : ks to AN OreleT Ao

indicate relative poténtials. The cm (. between the ol

Tl A i 3 ’ Ll LNE Blac.
s -_I 1. 1 WL i,-'“ 18 ke T !h'_" '.hi']}i!-ﬁ | Hott
between the slectrodes and the Sl LY

"..‘E."i AT =
react more e e

eadiy m their abllity ¢ n

1 1l DOANEY o dccem gle i
*'h_"."r”‘ .“TH]"" HIT:_'r |”_|r1,” J FI’“’]"’ i ! | P. I‘_‘l[‘ "’5 Ii.”,_.
o3 T = (1o 1A HSES electrode potan-

anme melals

"
FLM 'f|u| -

1 :
=l shown in Figure 3

AN Ly e
by R =

- L the voltage i< the
e twio "-'!"'"'E:-_-'Jq', 8 | hr.“_ rjlif*_‘r.

lable 3.1, fore xample

Enro

poteEntials alven in

3L — 0761 = 11§
Table 37 » Estign dlve fome wried
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Hlectrode poténtial in Vil
aluminiurm s
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cadmitm )
lead s
hyqu&ﬂ =012
Copper :
Silver i
gaid 1
+1.42

1o 'ﬂ[iﬁhﬂrg:(im“' le

higs: G e

the surtace. 1his elfed 15 KnOwWH Us polanisa it et Coppes !”Hji”.“ Villue ”‘-tlﬁ ¢l
theoutputl voltage arid nmcoreas i Pl | sistant Decalngs the: posilive i ode (anode) [ h iﬂ'hl?t 0y
of the cell. Stens have 1o be taken 1o oy c he ol il 18 splitractea o the anode vaiue. T P‘“b‘;
with depolansers
The zinc used to form the negaliv Jecinede. mal Exampie !
contain small gquantnes of Impuniies that tend o 10111
individual cells by gaivan an within the main cell -
see Fig- 3.2). Circuloting currentsare &1 Uj between L A
impurn h de. cousing the zind lo be eqien [
| even wi tl o1l v U wain cell 15
| i ithis Jocal aclion 1t 1s N cor iy to Use ZAN eied
trodes thal are as puie ds s dhle. Local action 18 not coir
fined to celis bul mgant ocdull | <tuations where diliersn|
metals are in contact and mojsture 1S presenl The resuit
N actinn causss COrrosion and destruction of the metals
1 contact s discussed uriher in =000 J 14.5 Lec!anche CE'”
___Zir This cell was a successful aftempt to overcome they
. sing effects of the voltaic cell, The original versio) !.@HI
by aetrolote wet” cell 'and later developments led to the ‘dry" -
- popular 1odas Cell g
1} : Vel cel
1 _
N = 'he construction in Figure 3.3(a) shows a central carbo
Neoas rod surrounded by a cyvlinder of manganese rlil-fwml.-

which is used 0s a depolarising agent. The hydrogenpm
duced (as in the voltaic cell) combines with the OXYgen :n

*

the 'h?}*lﬂﬂ]";ﬁ'i 1o ;1[';”1“. e water.
L |j TH's =

tne dry cell version of the Leclanche cell currently manu
5"'. “”"'I*-l has carbon and zinc electrodes; a -iul{m;nmfmiu-'
f:lr—.a_:mt%h;- and manganese dioxide as the ti?pt‘:lﬂncjmj
m’:m' jusl Qs the onginol version of the cell, HDWE-Ti-f‘
insead ool oyt n n open cotaine el
it "'*‘f’w.nlr.l Itl?;-' , Whis :._ ru. virtually unspillable, Inthe
Al r,ur'l-.-..: . ."l f-l.lllt electrode forms the container.and
i anoelectrode hos a brass cap and iflrﬂl'ﬂldiﬁ
: L l_n.,llr:_ih g setling cap at the top of the cell. (Sé

1d. +.3(h))

The
" h]:-;; ‘:,”: :n;:u::d L‘jnlt":::'rtll*l-':l in the p-rnl_u riginglleemem,
dered “‘”"”ﬁﬂmnmr- carbo H- n"'.“'li%]ﬂr‘lf:yj dioxide, pows
electrylyte usually H‘;H'WF ']1] M?L chlor ld.{f and water, '[.TIE'
T L e s oF sal-ammoniac, zine chiloridé

The dry cell va Nx such as flour.
mately 1.5 v :Hr_:‘.‘rt::*n ';‘;“::] It thlput potential of apprits s
lndes of the orniginal cel) I':h? i ..Ih"] inherent dm]d‘m?' F
and virtuolfy unspitlable. 11 5 “ght#r' robust;, porabs
i both wel and r;'rr S 1e depolarising un'ﬂngﬂmﬂ_f_i“' |-
onger pened of Il.j:'n{.ﬂj-% ensure a steadier output overs:

cand caating of the zine elecimoas =

w”h Lin am "
_ algam « | :
SEiON Diogess Tmercury largely overcomes the luﬁﬂll

The gradual drw
llmztedjun'{zﬁtl:l?jmg Out of the electrolyte pase and a
o limited stora p' _-lj-:'fﬂl action led to the rm:;‘ignlﬁﬂﬂ"q )
Moximun ur.u:ii.' Perod—taday called “shell life" Too gt
that the calj iy _ier {;u{ of @ dry cell it 1s pecessary: Lo ensi® =
Or shelf Ny, 'Hj T Land hos had'a minimal ﬁtnrﬁg#-lﬂ,ﬂ
because locq) .:.?;1: emperutures terd to reduce shell e
spredud p, i 90 diying out af the elearalyl
il canditions, usuplly associated ¥
e Lo provide moisture for e
versely, lower temperatures ¢
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(a) Leclanche 'wet'-type cell

Figure 3.3 = Frimadry cells

the effects of local action and the drying out of the elec-
trolvte. The cell should be stored 1n @ cool dry atmosphers
and kept clean. The minidture cells ot the types discussed
i section 3.9 have a longer life if these conditions are con-
sidered, In addition, care should be exere ised in their hon-
dling. In many cases simply holding them between the
fingers provides a very thin film thraugh which the cell
can discharge, so reducing the life cycle. A proleclive
tissue should be used when handling them.

3.3 SECONDARY CELLS

Cells in general can beclassified into two types: primarny
and secondary. With the primary cell discussed above it
bocomes necessary (o renew the active matenals period-
wcally to réachvale the unit. That is, the matenals Onee
used have to be replaced. The process cannot be reversed
as with the secondary cell, The secondary cell can be used
antil the chemical action within the vell ceases and no
further electrical energy is available: The cell 1s then said
to be discharged. The chemical Process can then be
reversed by charging the cell from @ source ol _l'l'-'t"”_“”
energy and repeating the cycle, The pracedure ol creating
4 chemical change with electricity and then using .[h“
chemical change to create electricity when required qives
else to the alternative name of storage Il for the second:
ary cell

3.3.1  Secondary cell types

The secondary cell has had many Varanons ;‘valmml
over the years but anly two major ypes have persisted.
They ure the lead-acid cell and the nickel-alkaline cells.
I the nickel-alkaline eells there are two further varia-
Hons. B_{-ltﬁ use nickel with an alkaline electrolyte but an¢
uses a cadmium-hased slecirode, while the other uses an
iron-based eloctrode,

63
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(b) Dry’ call

The lead-acid cell hos remained vifually unchonged
gxcept for minor vanations in intemal construction.

34 LEAD-ACID CELLS

When compared with other types of cell of comparabie
size and weight, lead—aad cells can deliver higher curment
surges ;

Variations in plate construction allow for individual spe-
Galised wses. For example, in automobiles, where the
primary function is toslartan engine, the plates are made
thinner so that more of them can be fitted in the same-size
battery case. This increases the plate surlute Qrea for
further increased current SURGES, althaugh at a cest of
thinner and therefore weaket plates, which in tum leads
o a reduced cell life.

341  Cell construction

(1 the fully charged condition the active matenal of the
positive plate is lead peroxide, aod the negative plate is
spongy fead. The disc harge acuon converts the plates 10
lead sulphate and waler 1s produced, so diluting the
electralyte _ _

The active matenals have no Tigld mechanical form o
strenigth, and it is necessary to mount them ina frame
or grid. These are then Krown as pasted plates and are tie
most common form. af canstruction (see Fig. 341 The
method is adaptable g hoth positive and negative plates.
The grid usually has antimony added to the lead for ngid-
ity and extra mechanical strength. _

To improve the plate area in contaet wilh‘lh&&lﬁg‘iml_yt&
aumbers of plates of &ach polarity are connected in par
glel and interleavect as shown in Figure IS B

The number of negative plates is one greater thop that
af positive plates; and.an indication af the cell capaaity h L
given by the number 0f negotive plates: for example, 5' i
11-plate or 17-plate. - I
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3.6 SEALED SECONDARY CELLS
A development of the sscondary cell GMRIng nto pfl"'ﬁ'lj'
L Sometimes called low-
maintvrance ar no-montenance they aré a
ol the basie oell Sealed to prevent los of elec-
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38  STORAGE CELL COMPARISONS |

1
qenerated; usaally in the electrolyte. Sealed

have provision for venting gases to the Atmogpy

i the event of EXCEssive pressures being Um'ml@
within the cell, |
Protective clothing. Eye protection must e
Flectrolytes are usually highly corrosive

1.
celly.
|

ingly b 1
- Z;-J‘ll

Test equipment. Separate equipmen| should pe

maintained for difterent types of cells, .

Isolation. All charging and discharging should b 9
carried out with some degree of isolation. D)iffer 4 .
rypes af cells should be kept separate from cach = &
othér as the mixing of different types of elu.‘ctml?ta ' I1'I'I
can cause explosive chemical reactions, ' o
Sealed cells. Special care must be taken to ensiite \
that designed current rates are not exceeded. Gowel
might othenwise be generated inside the cgl) ot o -
faster rate than they can be reabsorbed, and the ce
could then explode 3

i

-

The advontages claimed for either lead-acd '3 i
nickel-alkaline cells tend 10 conflict and the real adige ¢
tages actually depend on many factors. There has bes 1
stroang competition between the twao types of cells and e
mast choices the selection may depend on a .Pﬂﬂ'ﬁllj!” I
application as well os on an individual’s preference. . 1

The following is ¢ list of advantages for comparabless

clls of both types.

Lead-acid cells |

Higher voltage per cell—2 V per cell against 4
12V per cell, b i

Price—up to eight times cheaper than an alkaline o2

ol _ 1
Smalier 101 sormne capadity. '

At‘ﬂiiﬂbﬂﬂ}'—mﬂm’ non-related businesses stock e |
wod-acd cell, g

| 1]

Higher discharge currents available. N |
Lower intémal resistarice. K
PeCaE-iaine {ells ! .
;z?eb&ﬂéﬁdmrgajwithﬂul harm. '

UE overcharged without harm. e '$ .

uﬁ'mnn'ﬂfﬂ s
==ciancy of epproximately twenty yeors
Smpared with zhmé-}mnfmﬂmlead—aﬂﬂﬁdﬁ -
_ W constrize ui st
OB 10 withand mechanical and electsonl aDIE
h“‘-“hﬁﬂlﬁhﬁmﬁﬁmgmﬂ ther

rhey weére once used as a standby power supply in the
event of amatns power lailure or as backup to generating
plant The current trénd (s to use them as the main POwer
supply and trickle charge them fromthe mains or @ gen-
erating plant.

The battery bank usually comprisés sufficient cells to
produce the required voltage and supply connectad equlp:
ment directly, Applications Indude control pquipment In
distribution substations and telephone exchanges

Many isolated rural properties use stationary ¢ells of
this type as an electrical storage focility and have the
pattery bank charge maintained with either wind-driven
qenerators ar solar panels.
~ When alternating current is needed, the battery bank
supplies an inverter, which converts the direct current 10
alternating current. This is then used' [0 run connected
equipment. Applications include ‘no-breok’ supplies
where safety is paramount and an interruption 10 a
supply cannot be tolerated, for example, in aircraft navi-
gational equipment,

OTHER CELLS IN USE—
PRIMARY AND SECONDARY

391 Sealed zinc—mercury cells

in an effort to meet the above reguirements, the
zinc-mercury cell was developed. Some versions of this
type ‘of cell are rechargeable and strictly speaking con
then be classified as a type of secondary cell. Figure 3.13
shows the general construction of one type of cell. The
negative electrode is made from omalgamated zinc und
the positive electrode from mercurnic oxide The slectroivte
of potassiurn hydroxide is contgined in an ubwrb-_‘:*nt
material placed between the two elexirodes, A steel cosing
encloses the cell and the casing struciure is usually suc
thot. if excessive gas pressure s created in the cell, the gas
can escape 1o the atrnosphere and the cell then reseals
auipmatically.
Typical uses of the sealed ZAnc-mencury cell are:

* pacemakers

* space and avigtion

3.9

* blood-testing equipment
* radiction detedos

_ ,
+  referonoe voltage soures u .
« wrist wotches -
electronic thermarnmetess
*  sonthuoys

*  hachometers -

I___.
1
R I

o

« laborataty meters
rodio beacans

pH meters, -
The apen«irenit voltage of the ¢
135V, On load, this drops rapic
1.33 V and malntals this i

392  Zinc-alkaline

dioxide cells

These have been the most meent calls o v
acoeptance. The electrochemical’ fer Jjses
electrode of amalgamated zipe gran
electrode of compacied mangonese. dioxh
ductive with grophite. The eisarolyte
hydroxide held (n cellulosetype separaton.
tion, emphasis miust be pldted on the purity
stifuents to minimise contamination and loca
The cells hWEﬂiﬂH’iﬂw esistonce ar .
for high current delivery. The system is staliie o
lung shielf life. [ts main applicotion 18 in stiuan

18

ack

ofively heavy current of continupus d _* ars |
are suitable for phatofiash work, metor deives .o
tope-recorders, Yoothbrushes, elecric shavess and
toys. Depending on the & o O

voltage will be in the range 147 ?ﬁ_ﬂ.ﬂil
) BN SRy, N
somewhat sirnilas W the nickel-leon cefl o soimeovs
mzmnﬂ_iﬂn.ﬁmmwﬁﬂ:“ s OF T
and codmium with an electzolyle of potaist 3 IyEERGRE-
The voliage per cell is I-M L "-_HL_._:‘__,il'._l'_.l_::_'__'_'_ :
rikel hydrowide n convened fo she divalent sats 3
Md}gl‘gjﬂ!ﬂﬂ“lm A !: e a7
to codmium trydroodds m% i T -1
' . oo L IR

394 Sealed nic
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‘rh:lh-l‘u'l }‘hJTh'.l!.?l!L' electromic devices. They do

Qceess 1o chargers o maintain their state of Ags |
3.10 FUEL CELLS
In recent years the fuel cell has been the subiject obmuch
research and received a ol of publicity when 1t was used
10 |."|Tl'l\"1ul‘. electnical LA for <eicecrafl. The I;!‘I'.";, |,l'|]-|
of the fuel cell was first demonstiated i 18392 as the
reversible aas oell (see Fugure 2. 15ta)), 1IF the load 1S
replaced by a d. supply, oxvgen collects at the anode
and hydrogen at the cathode. When the load 1s !'r:;‘]:iLELi.
the cell generates o current flow until the (Jases have
recombined to form water, The special electrodes of plat-
inum black do not andergo a chemical change but mé rely
QCT Q5 CLAlaivsis

Another on the fuel & shown in Figure

A1 | Orsisis WO mbers and two }H"fi.‘ilh lec-
irandes sepamated by an electrolyte, Hydrogen supplied to

the upper chamber ditiuses through electrode A and reacts

N ihe electrolyte, lormung posihve jlons and free elec-
1 he inns migrate throuah the elecirolvte to electrode
& where they combine with oxyaen and electrons. which

termal Jood

his type of fual sl gives

passed throuagh the e :.'-t'!!'HI;E'] water

PEr unit mass
in water 1s produced

as - usei by-produci. Each Kilowatt-hour of energy pro-

duces approximately nall a litre O water

' Enerd,)

nan a stordas battery and Lt GO

Y Arks ~ - . . - - -
AHNOUgn much more research w

& visuahsaed thai

ork needs to be done. it
E 1-.']er
whnich i

and sxvaen from

can easily b

cell could be used to
turn could produce
h walter duning davlight hours
i'e gases could be stored until required and then fed into
el toproduce electrical FNErgy again,
Uy aunng davhight hours
slorage lu-.m-.--ru-:- |

Hesearch and developmend

E'h 'xl' Lt
?.rr I

'} |
ERE B LR

electrical enerng

| ‘.'.'.i*:_!
not neces.

and withoat the 'use pf

i _ ol the fuel cell is still pro-
Ceeding], OUne af the ltnes *H‘ul'l._,; lollowed is the uss of the

Has given olf by a plant dunny its growing processes. In
the stationary -.':'_T,'li'I'!l'ﬁ:.*!inJ! olls
PIUVIng quate relioble and lona-li ed

AN advanced fus! cell of the t
can deliver S0 A

situation these rall
: cells are

YPE being developed today
at approximataly 0.6 ;

V- for many HOurs

—

7~ Hydrogen

3.11.1 Capacity
The capacity of a cell=its ability to delivay
l_“lli‘:“___h ljhtl'-'i”‘- h.ll.Til_'H‘ﬂ'li 1n t'lrn;.-q-nr-h.;.u“ 0 -
ampere-hour is provided by a cell when 1 A nllh',-; 'mﬂ.
period of 1 hour. The value is found from the Prodi
the time in hours and the |_l”-[:{*f1[ flow in 1lmpuﬁ;5 IH
figure obtuined has o be qualitied by factors such gy ditlli
| l.'HF'EII.' mes, cell h"'r'l'li-‘l.‘.".H'.Il'f_'\. ‘:'rl"{,'l_']!.ll_ L}FH".'H}-' ':‘I-[hutd a:
qolyte, and the final voltage reached Y
~.‘Ii§iklult-ﬂ.="*1-

Elietriy

s ”'II':j l:'{-lil .

3.11.2 Discharge rate
As :,lt‘-i{'i'lfﬂ';iﬂ rates are Increased, [i'll': LH'H[!L_-H"hL'H_”' {'{][Hl-l
ity of a cell is decreased. For comparison purposes 5'“;.
dard discharge times are employed, usually of either g o
10 hours; but this is vanable depending on the Intended
use of the cell, It the maximum load for g cell g5, |':;=
example, 20A over a period of S hours, it is [wmllei:f
esting it .at other values because the ﬁt_mrt::‘w Ub’.’uiﬂﬁ!
cannot be related to the cell’s intended use. A cell's Capa-
ity can be considered from fwo viewpoints:
| lts ability to deliver a continuous current overa
specified penod of time.
Its ability to deliver very high currents for short
periods of time,

When a cell is required to provide very high discharge
currents ar low temperatures its ‘cold cranking capady’
hfi‘f'ﬂ‘!’é* an important factor. This is an indication af the
cell’s ability to perform its intended function by delivenng
the requited high currents at reduced temperatures.
h!L;;;IE::T: r::m:ﬁ' the r-_:*.!I might have to provide o
b " Ticed For r“;'i_'} rfi “?W_ SEX onds but tht:'drrl_* might als
Typical starting v*}?ﬁi.'_ LGI..““”T ihiatare lmiure._'i o
400.A for 6 V systeme oy ans o OF petrol engiries e
diesel engines the st ;ngr <00 A for 12 V systems, while fof
more than 1000 ,b: ::ng Sraie liw A ]E_U RAE mnhhe
e - Yor larger industrial and manne

JiNes the current can be tens of thousands of amperes

peres

e}

el

Hydrogen

. Electrode A

e

e ——
Elecirode B

—-
Oxygen

i e

Water

(b) Hydrox fuel cell

l._.

Fhe moximum current capabilities of o cell are

v
erped by design lactors, most of which relate to n].pgq“r_
face area of the plates octually in contact with the

electrolyte, as well as the movement of fresh electrolyte
inta the active areas of the plates. As chemical r_hun-fw*;
take place in the electrolyte on cell djse harge, the internal
istance af the cell increases and cayse
nal voltage drop.
o improve a cell’s ability

S a'greater inter-

to deliver high discharge cur-
rents lor-a shont period of time, plates are maode as thin as
is practically possible to ensure that the electrolyte perco.
lates into as much of the plate material as It can and so
enable more ol it totake part in the chemical process. The
thinner plates are physically weaker, and extra care is
needed in handling the cell.

For stationary cells, where heavy-duty discharge cycles
are not usually a requiremenl, long life and reliability
become more dominant factors, For lead-acid cells in pcar.-
ticitlar, plate construction may be of pure lead. and the
cases consist of glass for easy maintenance.

4 | |

2 Temperature

Cells in general operate with increased efficiency at nigher
temperatures. Internal losses are less the glectrolyte dif-
fuses into the plate material more readily and, as in oper-
ation the internal losses are transformed into heat, a cell
can maintain a lemperature slightly above its surround-
ings. Increased operating temperatures also increase the
rale of internal corrosion and lead to shortér operational
life

3.11.4  Electrolyte density (specific gravity)
The electrolyte of lead—acid cells is dilute sulphurc acd.
To promote long life, this should be as dilute as can be
arranged, because internal plate corrosion and local
action are thereby reduced. Deteroration of the plate sep-
arators is also reduced.

Against this is the fact that higher densities give
imcreased cell capacity, improved voltage discharge
tharacteristics and a reduction in the volume of elec-
trolyte required. For stationary cells a maximum

Table 3.2 « Summary of commercially avadable cells

Positive Negative
Cell slecirode plecirode
Daniell copper Zine
lead-acid lead peroxide lead
nickel-iron nickel-oxide IFor
carbon-zine carbon nne
Zinc-alkaline manganese dioxide Zing
manganese dioxide ‘
mercury mercunc oxide 2ing
nickel-cadmium nickel cadmu{m

Hydroxide

L - L : L I-
tlectrolyte density of 1210 kag/m* (1 210 specific gravitg) is
a nomipal value. For automohile work a nuuﬂndl}quﬁg?h

1280 kg/m* (1.280 5G}. For tropical service this valie may
be reduced to 1250 kg/m?® (1.250 SG) while in cold eli-
mates it may be increased to reduce the pombﬂitfoﬁtléq'
trolyte [reeing: > i :
Alkaline cells do nopt vary much in electrolyte density of
approximately 1200 kg/m® (1,200 5G) hetweéen wypes of
use although the density does aradually decrease in
service to approximately 1150 kgfm#* (1.15 SG)_ At this
stage it is aften replaced. Unlike a lead—acid cell, o healthy
alkaline cell is not affected by electrolyte freezing,

. 11.5  Final voltage

The term final voltage is used to designate 1hemmpmum
useful and accepted voltage at varlous rates of discharge.

3.11.6  Ampere-hour efficiency

Ampere-hour efficency is the ratip of the number o

ampere-hours obtainable dunng discharge to that reguinee

to restore the eell ta its original condition. However, thi

value varies widely depending on the use of the call.
Typical figures are:

lead-acid cell 90
nickel-cadmiom cell _ 75-80%%
fuel cell up o 90%

2117 Capacity/mass
The ratio of watt-hours per unit mass varies widely witl
the type of use to which the cell is subjected and is mainl
applicable to lightweight portable cells.

ypical hgures are:

watt-fours/Ae

Leclanché-type zine—carbon cell 2040
sealed zinc-mercury cell 90-110
silver oxide-cadmium cell 40-80
silvier—zing cell 20-150
zinc-alkaline mangangse dioxide cell 60-70

Table 3.2 gives a representative listing of Cﬂlﬂlﬂ&ﬂﬁﬂm
available cells and summarises thelr main charactesistics

Flectrolyie Volts/cell

sulphuric acid 1.1

sulphunc acid 2.0

potassium 1.2

hydroxide

ammamum and 1.5

zinc chloride

potassium’ 1.5 dry p

hydroxide 'OF 58¢

potassium 1.3 dry |

hydroxide L

potassivm 1.25.

hydroxide G
=SSN R
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3.12 BATTERIES

A battery congsists of @ group of cells connectad DGRIBET
To pravide a battery having o higher voltage than o single
eell. several cells are connected in series. Connedting d i
grovp of cells in paratlel provides a battery thot has o

greater curtent-camryving capocity

3.12.7 Cells in series

A group of gells donnected 0 series 1o a load haos the same
vodue of current flowing through them as flows through
the lead, The tatal volioge 1s the sum of the cell valtages.

For the ﬂ.'uml{.gn of Individual cells, see Table 3.2

et L

Example 3.2
How many nicke!-
Cofistad
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cells w)
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3122 Cells in parallel

Cells comnected i, porallel con contribute 10 o current
flow Tur greater than that obainable from o strigle cell.
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bPr;Srmully battery internal resistanice varies considerab 1
mm{:::; cthurglng and discharging, and also at di
- umu::n? ‘;‘he effect of internal resistance Iy to, in --
e vLeneray required to charge a battery d 'ﬂ

HEE that avoilable for usefyl purposes, It causes ak

of energy on both chg
rgE ﬂnd dlﬁ(hﬂ e LIHS: ﬂﬂ ' i
d decreased “perating efficiency, 959
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124 Battery maintenance

For maximum: service life from batieries o maintenance
routine Is necessary. Polnts 1o observe are as lollows.

|

-

3.

Stundby power supplles are used to provide o bockup
service in the event of malns pewer failures. bven where
large engine-drven alternators are intended for that
purpose, there is still a need for o battery supply 1o sense

Ensure that terminals are clean and tght 1o glve
good electrical contact,

Ensure that connecting teeminals are of o sultable
material. The electrode patential of 1the two materials
should be as close as possible.

Check the electrolyte level regularly and keep it
within the range of required levels. The plotes must
be kept covered and not allowed to dry aul, With
lead-acid cells in particuler, this leads to reduction
in ampere-hour capacity. Unless specified otherwise,
approximately 3 to 4 mm of electrolyte above the
plates is usually sufficient. Some types of biattery
canstruction have been designed to recice the

electrolyte Joss problem. Special filler caps hove beery

fitted to allow the cell to releqse the hydrogen dnd
Bxygen goses generated, Because the gases come
from the electrolyte, this gos escape leads oo
reduction in electrolyte level.

The battery case must be kept cléan of glectralyte.

The battery must be suitably protected from extréme

temperatures and positioned where it is less likely to

be physically damaged-~but in a ventilated position.

The battery must not be charged or discharged of
excessively high current rates.

The rates of current charge or discharge must be
within specified design levels,

13 STANDBY POWER SUPPLIES

power fallures and for engine starting,

1

2,

&

4,

1.-”

The maln requirements of such a system are:

to provide a bridging supply until gengrating sets
can be storted; . _

10 provide power for storting emergency generating
plant;

1o pravide emergency djghung for evacuation af
butldings;

o provide reliahle nﬁulm mr for computer or
-ﬂiharqlmmk systems such as cash registers;

L Eml u--_ equipment, fire and seeurity

systemis, o dsensing » ',.ru!*xtﬂﬂ!nsﬂﬂ‘““““‘“

el sll

|.- .‘ a’

'-'J 1.'~.! 3 H v"l

vp@;g pure

Lot i - ~

Should rwver need b
able for stant g
tonal [‘mtlﬂiw
mmmmm

Jowe selfdischar -'r-- nd 10
wver long pﬂrludt. nw
particulor dity will depend
of that duty, | exdmple, "1
lghting would m
chifge und dis
stand physical ﬂmth"
supply power to- a telep e
ary and subdect. o ¢ continual
a virtual constont rate, suffl e

I By 1
Iﬁl"

charged and to luppzl;nﬂxp

A battery under mmy on: :
of three to four tﬂnuﬂwm I.:‘,'_:_:, :
3131 Charging methods

*“H ~

There are tWo systems lhﬁ <harging
although there are vnrlauoﬁp of the
alm of both is to keep a ﬁ"

fully charged mnmummm

Constant voltage (h&rglrg‘
This is the mest common s
The charger 5 set n!r q| ..m
2.25 ¥/eell) and the charding «
ol the difference between t
Initially the charging rate i al @
tharged cell and, as the call v _ﬂ
current decreases, until it reaches
determined by the charger ve
to the term ‘taper -rzhmgiug“
hustobechmentnsultoh-_d 1
gives o fuster rechar mm- T €
reduced cell ife. The eleul‘ﬂa g
quent topping up. .
In standby situations lhﬂ‘ : ' 'a. uld be ab
handle continuously cornec ads ar
cent capacity 1o mchamt_ the bank «
duties. Under these ﬂﬂ“ﬂﬂm' ne cell
‘Noating’ oron a Etan '

Canstant current chargi |-

I

The charging current sho d]#
ishing rate govemed by the cell 3
to recharge the c-.-u:uﬂezm ‘c,,,,,,
charged congition. The vo
oy the charging £ '
must not banﬂectﬁqlw his chang
charging 15 heavy, step charg Mg
high rate of charge is use W 1
the fnishing mlmmm predeterm
stant current chargin :
required tmuk;fﬂmr
That is. tht'uﬂ altag -"1‘
Lo [’ﬂ«pﬂwmﬂﬁm rate sIead

"3.‘1-41 !

e
lir I‘JI_

mﬁl



&
= e -
—
™, -

— -
—
—
-
= =
— -—
. o = —
_ -
-
s T A
& [ 5= 10 -
—_ - - = i
o — -
_— - & o
™ =
—
- L e L

= = TP
e = s J
3 —_— ".:I_—:*_c -q-;.

. i AL

T e »-

=T ey

L= 3

: , . RenEy o ey I walonsts (0 AR 1 R owing
_ examphe arn o7 30 seconds. 14 for 15 seconds o 3 A e 10 secondds. 38
Fo e SQEE ImEn o0 cuse the guantay of dectncey & 30 C and cach el

= =T e warnes mass of oastgt
: _ .
: : . CISERIY - wowsl iow St thot the diornt oGRS

- o e 2 ; p———
: : t Arnd o ierwnts] crent slemmenn for G o GEesSY of
T r - TTAITT wi e soncstiongl 10 thels Slortrorasesiesl

<
_ > L - - — R e B — -
=2ty Some Dl bt Sk Fadn uiTaenis The secirortessawnl oquisalest of any
-
= —_— = - — e - — =
— - = S eonorsonal B 0y iR SDaEc mansaed NS
3 =T 4 ~HluTe GITmEc s
B =
- -_—— — e e ": -—— = = -~ Al "m
. = = p— - — L 12 &3 - = A iy W el el LR " .—E
- = = - A S ST Pt VinsEE T T EETeEE
— = = - = - m— - o - — ——
= i a3 = - = -~ =
- i o - - =
—. = _| _ E == e
- r =3 =
= - -
- i - - P— — e e e
' FA e — e A T el i'.'—.ii:'-: ;:n!g
i
. B = = = — — e - = - —_—— —— e — -
e — - —~ " o o e R S
_- - - £ -
=0 : z e ey
— - - - "
-~ = - - T - ] -
= - i B
. — g sl e
- - = - - - . = = TS o s OEDSE=T
= = = = = — —— ™ - = —_ e
- = o= 5] I SErEsER
1 — — = . . p— —— - E
= = s I Taarees W = SR
- - - = — = x =
= - = - — - - =, = s +h'
R T %
- e 2 o oy - =~ - — - -
= =
- 1 Y-
= ¥ il ATTERT TEITAGD T e TN I Lo —ARes e Toasrces o b oand ek inlies
= -

e g Fi P ——— 1 =
\ i Fi o ST A
e
P | ' et = e
i H = 4 " = i — e e
‘-... ]
--* i ¥

maTe g PE——

Faraday's laws RS €3 = WS

-
= . - 5
e 2 - m amastead Bemmoacmad 15 PTTENE T e o PE- g e 352 = BB
- a oG *"_‘._- A v -l — -
-
- o = - - =
-_— — ™ . L ) !
-.- “ht -_.-.-t. -J. ___}: =5 ' - T8 - o c _'._S ,‘ w...q, 1

Nir=s'ncw dp eariys s A2« 300

¥ EElSNC ChEE B PUOPNIIERER. S S e
- . -

ebnTararenrgd egeoaenl of IR TeSE -y 104 % 8T

i
LI
"
%

-7

fFamadoy 'y Bt e mscul slioies Tl SFeal. STRCEETos © il -
T \'L:.L‘_"'_’ " —— e : - . b :

any 2oe Npe of Shemem will by SpoRisd WS



ﬂ | |
i

(e wollli FRIALY
L grecarding o

al UG cent elll

Ahvte that This
aliidiancy

Heney and wonlid be oS
o i bhath

BN WP o8 1
I-}hi‘ s i !T“- Vi ::h o E TR LSl s T W'l %l Al l” ii
— ¥ Y AL

Qanant (A1 jriil 'l||_|.| ] eV T 1L AL 1'1”“ b
v Byl the abmve e, o F 3. e Ki) — :
afficiency Tiaure wonkd depend o the typeu

he actaal e
i |I." |.“,|.1.I”""-| ’H.-il" “ilulr [{1.'1".

motal Poing depostic
LTI nt

H':ll.' "nIH-i-h‘ th'-'lﬂ.'il {
hath, Nt all tho

st WIVTK L), SO

{ thi [TOWiNg
i:h'l.h_'fi LA00ed CHKd

Mewing in e
Mo thi Ty ing |

Silpisil

L] ;1.-;:| ?Iq'-ilnr
systom do L 1}

II‘"Il 1'1-
SEWCD | LR

! | w1l 1 Bahis
AR TURRLALE] ik

"lu"'*:l"‘ " (Hl% Al LT e
wiitle '."”"t I

|‘|1"|I |||
§ 80 et AR OO0 STREAEN

vl I o i

i HCIeNTies o

,.tlh,i. d% Ahroamnim it ,|1-ir---..| il
o TR TR IR A (R L i

Rl '|1|T|"t"| ¥ Il'i‘l

'l"-l.”! il *.'r'n}'f. 1"::"“{'.'

in the 12 per cent mnge

e R aes

melids
it

i trotvali s HON ProdRces

WAL 1S expensive and Tequimes

amonnts-of aleviifcal energy (L oo Be s A to advantage

i o Lhaads wWith bydirmedone = oy, Whie !IHHI"

amecunts ol glectrical energy can e maoae o ailable ata

i "H'.F'h“.l'.l\.".'l'- 1 “4 ".1' l."""'h]‘-.l.“u: CLER

{5 shiown in

biath

A demsonsiralion  olectrapiating

.1 pALEY " el

Fi ¥ i
mpure 500 » Blecirodvls Uepssitions. Cne ol the deimanstit
WAL AL

wiactioplating bathy st Regen y Park Cafloge

Raency Tan L olly

!

|'_.._~u::;*.~|1' N |

.
ol " i

i should Do reatise d that the production of el |
ol “l.'.-l"ﬁ‘i[*.‘ % “““'I“" oy 0 1 II”'I_|1."| LU0l ”“j“ l“l‘j‘wh | ||
haths or cells. Where a finm has 100 cells In aperation, |
above figure becomes St M) 000 kWh per 29-haour ‘.Ik'l‘l-"uflﬁ .

at a nominal cost ol 207K I, glves an Operating Oy
$G000 per day fust ios electrival energy. h
E
1 14,1 Disadvantages of electrolysis— =
l—

electrolytic corrosion

eshimilor metals

The pest-known eliect ol destructive corrosion ['u,'funw}ﬁ
two different metals are in contact in the presence i
sledtroivie. An increasing problem ino Australio 15 the
extension of copper conductaors with: aluminium condu
tors. The copper and aluminium act as electrodes dut
electrolyte s present from condensation or rain that us
tains dissalved F.lt_ll_!hm ]u-.u_hn_tf., A hii'n]lh* cell 'l?&(xmﬂ
(soe section 3.2.1) and s effectively shorl-clrcuited i
iselt, as itustrated in Figure 3.21, |
Fhe metal with the higher potential becomes the afiod
and will tend to go into solution in the electrolyte (e W
carmde). The result Is o progressively deterjorating e’[qﬂllv
cal connection, generatlon of heat, and eventual iutlum@
the connection. In some arcimstances the hunt.pmd'-l.l‘a;:
can seét fiee o an Installation and the [‘IFBHL'I“ Iilhﬂ
more than just the fullure of an electrical creuits
”“[_ '1:1'1:1:; -:u‘ ini'vtln:rft :.Im type of corrasion IS 1o m_Igl |
olied nﬁd mn: -:“t";-"t.mm wht;n.- d‘lﬁﬁlnllltlr mel;_l]!;l
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mate Wi mt
naierials bieing joined can be clectroplated with the same
metal, for example, cadmium. [
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] Motsiue scoumulation
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Creay elochnic cuyrents Q

Gy electole curtents in the sarth have many causes
irasleguaty earthing of eledtrical aystoms |s only one
Underground: plpes and cables Become cormsded Ly the
electrolytic actien of these currents. Dissieilar metals fn
domp ground and adjacent 1o sach other produce the
came result as described above and, in g, generate
more steay electrcal currents, The electrical 1Jrilitllr!1} ol
(ks ineledtric traction systems helps to reduce under
,”..nml siray currents, and the :nrminr:] ol |||”|,_..-r,‘",,,‘|n,,.|
(s and conductors with plastic sheaths minimises the
corroasive elfects The corrasion tends (o De more concens
roted at sharp bends i underground pipe work and
appropriate measures to avold this shonld be taken where
!.i'm,'l.ltiﬂlh'.

4.4 Electrolytic protection
Flectrolytic comosion can be minimised by two general
methods,

L Two dissimilar metals in-a conducting medim (an elec-
trolyte) form a voltaic cell.

When a load is cannecied to a voltaic cell, ehemical
opergy | converted into electnecal energy. As the progess
continues, at least one of the metals is ealen away by
being transformed chemically into'a different compoind.
Different metals produce different voltages. The electro-
motive force series table indicates the voltages that can be
expedted from metals in various electrolytes.

Primary cells. are cells that, once depleted, cannot be
retiewed without replacing the entire contents of the two
constitient parts; They cannot be recharged by reversing
the chemital changes that have taken place. .
There are several versions ol primary cells avallable. Maost
are designed lor specific purposes, Voltage viries from
Lype 1o type.
Primary cells
use and general
called dry type ‘ -
Secondary cells can be recharged. The chemical change
Il takes place on discharge can be reversed by applying

are of two types—wel and dry. For portable
convenience the cells are mostly the so-

a voltage to the cell and recharging it The plates are

restored to their original chemical state, and the process
can be repeated. , I X et
Owing to the internl resistance of a cell, energy i laston
both charge and discharge cycles.
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3 Current in series circuits
UCTe S ondy ane path for cament flowt there can be only
alue OF (umrent It S said 'thoat the curent (fow @0 o
MEOES Gurcutl s constan! thal B the aurent & 'the same
Al anv pomst in the ssnes circudt
> A 5 o NG at point A iy Flgleey

FIQUTE 4 .4, el meGsur-
cuimenl ab any other point in the seres circnitwill

.33 Voltages in series circuits

istrarad 10 Figuee 4.7, i can be S2en that

Wil U SR g &5 A

> Bappaad te the load, This volase
L2 resistance of the leod aund foeces 1 A

P ol B — i s byl o i - L
TONgn e aruit It & sond that 200 N S expensiag or
repped’ aores the load

U 4.8 inawoates a dreuail whent haoll the -mﬁi\'

SOOI DINCG O(TGSS et OF ey -":‘l_'-:';i_ reRAlaNGESs (o
e Ty 1IN Serres

AT Ciect 5 as though the ad of 200 O i Boure 48
Wele Gividend into two equad parts and the geeslisyg writane
WA GIVRESG TG Twd equial pass.
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HEAE LS CEAIIOON. Shows Thee \,"\!'LMI. =sast-
AICES. Ky X andt B leadh 2 Q) conovected o seres with @
v Daltery and @ ammetés |
vostimet=es b, W and B are eceR connected ia o
Gilel wath tive resistances 8, &; ond Ry respetivily,. The
fotal voltage dropacrosy 8; amd B s meacared by ¥, and

—On

Fgure 4.7 « Singie load cofnected 1o & supily siurce



These focts can be summarnised by saying

that cireuit, o fall of potential oodurs UCTOSS thy
[he voltage applied o a series ¢ircull s ﬂqudl

oV | . .l‘_d

|

| @ dircuit equals the applied voltage,
- D= ;

Hogare 4.4 + Te= loach corvssited & seres 1o 3 sSuDpiv SOUTTE

e ot drep across £, R and B, & measared by V; and : N
Eeguad o ke applied buttery voliage (V) S '“__:_w_-.i, o
The coumeter measures the cument flowing from the 7 A IO The Qreult bl Figure 4,102
& V. With thres egquaik-value

Example 4.3

LSSy 1o b

besSery umder o gressure of

RS = osesies, the potential differences in each case 30 & SA 120 10

Wil Be ol (V= F =2V in g 49) if the resistors in _'I_}.—:-m
2 s R : m ...__5_ = = ] :: ! -

seoes 2R egaal alue, the potential differences a. R: A A t

Scss each resstor will ot be egqua! Note, however, that
Wae sun of thelr potental differences will always be equal
30 t5= sapply voltage irespective of whether the TEsistons
= egueal ot oot

= this example the readings on each meter ¥y ¥; and

Figure 4.10 = Circuit diagram for example 4.3
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= finid the squivalent resivtante of the circuit and i
5;&?&!&&@?@&&1 tie one-thind of the 1otgl applisd U9 the ial gurrent W
Tolooe or 2 V.
- - & = p i} rl
hmﬂlnmmwnmmmemameofu_ Rogat = B b ST Ft .
ETiE OO was enng) ?aﬁ'sesumnt'u'seimﬁvidualm. =3+7 + 125 ol
mmmmﬁp@nu: =230 P .
Besi =Ry s By 5 V=IR=35 =23 =15V b
m&mﬂhﬂf Vo R . and R This valye can be dhavk s : : AR
- 7 Ore conmected in - B DE Chacked by finding the ik
L % !&&Em - = 2 (e voltacs drons: wing t s Brlpm —
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Fhe same formulae are siill appicable in this typee of
wirk | |

However, IU s necessaty 1o be careful thot

the corrier  APPEOTS 0
values are chosen. SRR than ane series

Exampie 4.4

In Fgure 4,11, three resistons OEe Corines
10N O .,’—'I‘J 1“ ‘-!*[";”'r'

L RPN LA
Fingd the pow consumpiion of equivalent to presenting o §
HION penwer Comyumed by the cieuit mmgﬂﬁﬁ e11 |'- .-1 h’r 'TL. ]
- - occurs dearer thee supply sou

theri increase to @ value that

cuCh resistor arel the

o— A = m 7 circult or its comductors, 1f the-
10 01 200 protection, then under nt
240 V 181 will operate and the comg
the supply source.
O ~ .

4.4  PARALLEL CIF
Parallel circuits are muitiple citow

Shwsy ".,.'.' . !
There are two methods for finding the power consum - more !hﬂl'l ﬂﬂet‘uﬂﬁ:ﬁ e m i 1 b reen the ¢
tion of a circuit; the power source.

. Obtain the power consumption for each resistor and Iﬁemm'ﬁ_ﬁm G
add those values to find the total. is illustrated in |

Flgure 4,11 « Circuit diagram for example 4,4

¢ Obtain the total resistance, total voltage and cuntent, seen that the current.
and then use these values to find the total power components when the paralfe] : _ cicted
consumption. mmmﬁmqg;ﬂ:;ml Fi = For eath'n
Method 1 I= VIR, where R is the resistance of
Each resistor is taken individually and the values used in Lo
the calculations apply only to that resistor. To use Ohm's .

law or the power formulae, two quantities must be known.

The resistor value is Known, so either the voltage across it ——————— - —— =i
or the current through it must be known, XA
| |
Rigtal = Ry + Ry + Ry e
="10+20'+]& JE ) -
= 48 Q il =
Vil 240 -—
Thas ..mtul_:_,—."".'.:_'&;h
'Rtﬂ_tﬂl 4-8 -

That is, all resistors have 5 A flowing through them (a |

Power consumed in 10 £ resistor:
!p = T!Rw =53 .10 = ZSII}W

Power consumed in 20 Q resistor: . —
P = PR =5 x 20 = 500 W . X

i i)

"‘Ir;‘l- IT-:-‘:HIF‘II 'IL J

— -
1!,31.'-.; A

viethod 2



