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1 Electricity
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ieirictty has an mporiant place i medem sockety, I s a contmilable

amd corverilent form of energy [or 2 varety of uses In homes, sclivols,
laspitals. fndwusiries snd so on. Wil constbules clecitictlly’? How does
It Moy i an electrie cireutt? Whal are the factors thal conlrol or regolate
the cvrrent through an eleetnie cireutt? In tils Chspler, we shall atlempt
o answer such questions. We shall also discuiss the heating effect of
clectrio current and tts applications.

11.1 ELECTRIC CURRENT AND CIRCUIT

Wi are Taniliar with afr curmend and water current. We know that flowing
wateT constitute water current tn rivers. Stmitlarly. if the electic chargr
flows: through a comtuctor Hor example; through a melalito wire), wi
say Lhat here s an electric eurrent 14 ie conduetor. In o toreh, we
lcriow (hat the colls (or 8 batlery, when placed tn proper arder) provide
fow of eliarges or an eleetre cumren through (e toreh bulb to glow. We
have also seem that the torch gves loht omiy when its switch 1s on. What
dors a swiich do? A swiich makesa conducting link beiweon the ocll and
Ure bulb. A continiions and closed pall of an elecirie corretil 18 called an
electrie dronll, Now, IF e carcuil 1s hroken anywhere (or the switch ol the
Lareh s turmed off), the curment stops Bowing and the bulb does not glow.

How tlo we express eleetric riment ? Electnie cooment 15 expressad by
the amoumt of charge Nowing through a partioatararea inunit Ume. In
other words, 11 1s Lhie rale of fow of eleciric charges. o oiroulls using
mrlallle wires, clectrons consiitate the Bow of cliarnges, However, Sectrons
were not known st the mewhen the phenomenion of electrieity was first
observidd, So, clecimic current was constdered (o be the fow of positie
charges anid the direction of flow of pesitive charges was (akento be the
direction of electric cipmenl. Converdlonally, In ancelectrnic ciroult the
direcion of cloctrie curment is liken as opposite (o Lhe direction of e
flow of vlectrans, which are negative chiarges,
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I & et charge @, llows aemss any cross-section of 8 conducior m
time 1, then the curerend 1, thirongh the cross-section s
I= ff' f11.1)
The ST unil of electrie charge is coulomb (C). which is equivalent o
e charge cortained i nearly 6 x 10% cleetrons. (We know that an
cleciron possesses a negalive dharge of 1.6 = 10 7 C.) The eloctnc
currenl s expressed by a unll called ampere (A), damed afler Uwe
Freneh solentist, Andre-Mare Ampene (1775-18346). One ampere 18
consttiuted by the fSow of one coulomb of charge per second, that is,
1A=10/1 s Small quantites ol eurrenl are expressed in millampere
(1 mA=10"A) ar in microgmpere [pA = 10" AL
An Instrument called ammeler measures eleetrc

T

W

crrTert i a eirouil. 1L is shways connected Inseries
in # cfrol through which the eument 1 to be

< measured. Figure 111 shows the schematic
C"‘) dtagram of a typival electric ciontt comprising &
cell, an electric buth, an ammeteramd a plog key.
¥  Note thal the elecirie qurrent flows in the ctroutt
from the positive terminal of the oell to the negative

b

L

Figure 11.1

e
&

termunal of the cell throngl the bulb and ammeler.

A schematic dfogram ol an etecirfe cinod
cannipristng — oell, electrle bidb, ammieter anl

plug Kixs

Exnmpli 11.1
A carrent of 0.6 A s drawn by a Mlamer of anelectae bolb or 10
mintes: Find the amount of elecire charge that flows throogh (he

Solutlon _
We are given. = 05 A2 1= 10min=600 s,
From:He. (11.1), we have

= It

= 05 A GO0 s

= J300C

S= =

i Wit does an edeetrie cironll meas’?
= 1 Detlre Uee ol of evrrend,
- 3 Uadcuinie the uimher of clecitomn comstitnting ome condomb of chunge
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11.2 ELECTRIC POTENTIAL AND POTENTIAL DIFFERENCE

Whal makes the elecirie chiarpe to Tow? Lel us considet (he anslogy of
fow of wiler, Charpes do not low tn 4 copper wire by Lhemselves, just as
waler i a perfeoily hortontat tube does nol gow. 11 One enid of the tubxe
15 connecled (o 2 tank of waler Kepl al a higher level. such that there s a
pressure dilference belween Lie twa ends of the tube. waler lows oul of
the other end of the tube. For flow of chirges In 8 conducting metallic
wire, the graviky, of eourse, has noole to play: the electrons move onty
i there 1s & difference of clectric pressure—called the potential difference -
atong the conduetor. This differenee of polefitial may be produced by a
battery, comsisting of one ormore electric cells. The ehemical action within
arell generntes the potenttal difforence across the temminats of the cell.
even when no current ts drawn from if. When the cell s connecied foa
eoncdiioting cireuil element. e potrnial difference seis Lhe charges in
molion e conductorand prodaces st electrie currenl Inonder o
matniain the current ha gven electoc ctroull. the cell has (o expontd Hs
chemileal eneriy siored L

Wi denme the electrie petentisl difference bebween two points o an
plectric droull carrying some curnend as the work done Lo move 3 untt
chrarge frin one potol to the ather -

Potential difference (Vi between two potnts=Werk done (W)/Cliape i)

Vo= W/g (k1.2

Thie SEunit of elecinie potentl difftrenes 88 volt V), named after
Alessandro Volta (1745-1827) an lallan physietst One volt s the
potenttal dilference between two potnds ina curment cammying conductor
when | ok of work Is done (o move a charge of T.eoulomb from one
potnt (o the other,

I jouike
Therefore, 1 voll i aniiiah
1.3
1V =1J C*

Thiey poteriial differrnoe ts mcssured by means of an irstromend callisd
the yolbmeter, “The volimelor i&ahzj's confectied in pamallel acToss the
poinls between wlilch the polential difference 1s Lo be measured.

Ex=mpls 11.2

Hiorw mutch work bs done th moving a charge af 2 C across lwo patils
having a polenttal difference 12 v?

Solutlon

The amount of charge . that flows between two polnts st polential

difference V= 12V) s 2 C. Ths, the amonnl of work W, dorie in
moving the chiarge (Irom Edq. (11.2)] s

Elrvinomy
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W = Ve
= [2Vx2C
= 24.1,

Q UESTIONS

I NMamiv g deviee (hiol helps o mutebnin o polenitn] dilferesss st o
£ O RN A

Wil 15 miranl bey syt tlead hie poltenilal diBterice Betwesn bwa o=

bw 1 WY
3, How much enerdy Is @iven (0 e2ch cowomd of charge passing dEeowih o b

# V balleny?

11.3 CIRCUIT DIAGRAM

We know thal anelecine cirowdl as shown i Fig. 11,1 comprises o cell
(o & batlery). a plug key, clectrical compancnitfs). and conmeciing wires.
it 18 oflen converitent (o dew a schematte diagram, tn which different
companents of the eleeull sre represented by the svinbols conventendly.
user], Conventional Symbaols  used to represent same of the mesl
commonty used clecinical componenis are given tn Table 11.).

Table 11.1 Symbots of some commanty tsed components fn ctreull diagrams

E

|

| Anclectsio cell. : 4 E

3 Phuyf key or swilch jopen) —{ —
5 Acwire jom) -
6  Wires crosstig witholil jothing ——
174 Selenion
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Elbeiric bt () _or :’

A mestsinr of restsdanee —  ANANA—

Varinble reststonce or rheestnd —'VWV\—“T ; ;.l AA
e 10,

Volimeter @

11.4 OHM'S LAW

[s therme a mwlatiomship between the potenttal dilference across a conducior
atud the corrent througi 117 Let ns explore willi an Activity.

Activity 11.1

L™

-

-~
-
-
T

Sel up 4 cirmult as shown tn Ple 112,
cansisting of a nichrome wire XY of length,
say 0.5 m an ammeter: o vollmeler podd!
foprr cells of 1.5 V each: (Nicheome is an
Alloy of miekel, clmmtum, mutgmess, atjd
trusk imednts ) : .
First s ondy one cel] as tee-sgorge i e f}. AAKAAA . '@‘ ()
errmitt. Note the rending e be ammeter £, B i : T

fur thie crtrrend aned reading of (e voltmeler:
Voo the polenttal differnice across e e —
EEH::T“:“;JE mwt!ﬂ! FiesL Thgnsato Fipae 112 Electric ciroyid for stedyieg Ohm's (me
Nexi connbcl two eells in the cironiit snd

note the Tespeotive maktngs oflthe ommeter mmad witmeior orthe wioes of ooreni ook
the nichrome wire and potential diference arross the nichmme wire.

Repeat the above steps using (hree cells and then four cells o the ciront) separately.
Ciiliendinie the matta of Vio T or doch pair of potential ditference Voand cursent 1

-~

S || Number of cells || Cursenlt throtgh' | Potenibnd | diffieredsce Vil
M, used o ihe tho nichrmme pemss e ivoli/mmpers)
cirrull wirE, pichrome
{faastpiers) wire, V (vull

1 1

2 2

= | i

4 4

Plol & gl between Voand £ and obeserve the nature of the graph.

Elevtnomy s
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sl in this Adiity, you will find (hal approximaiety Lhe
[ sime value for V/Tis obtained in each ease, Thuos the V-1
T \sh - graph Is 4 stralght fine (hal passes through the origin of
s 4 A the graph, as shown in Flg. 1138, Thins, V71 s 8 constant
= - ralia,
% i I 2 K In 1827, a German pliysiclsl Georg Siition Olim
é ol [1787-1854) found oul the relationshitp between e carrent
5 e I fowing e a me{alic wire and the potenilal difference
= acrnss Its terminals: The potential difference. V, across thie
= | enuds ofa given metallic wire 1nan electne cirenit s directlv
- u—*’t'lnl T R B proportianal o the current fowing through i, provided 1is
 OmrmtiMe—s temperature remains the same. This is called Ohm's law. In
118 ather wiords—
V-t graph for a nichrome wire. A Vel (.4
stratight lne plot shows (hat as e of V/I =  constan
currerd thrpigh a wire ioreases. (e =
potenttal difference acress the uire T v = R 1.5

Lrarrreeyees lineartyy — ths 1 Ohy's L,

Activity 11.2

I Eq (11:4). Ris a constant for the given metallic wire

al & given temperature and s ealled 1is resistance. 101s o

property of i conductor to resisy the fow of chiarges thmough it s St
umil 1 alimn, represenited by the Gereek lelter . According to Olim's law,
R=v/l {11.6)

1t the potenttal difference aoross the two chds of & conductor1s 1 V
and the current (tkroagh i1 15 1 AL then the restsiance R, of the conductor

15 1 © That Is, l,ﬂhm-—iln,
| pmpere

Also from Eq. [11.5) we gel

I1=V/R (LLT)

1t 45 dlvionis from Fa. (11.7) thét the ciorent through a resistar 1S
tnversely proportionsl o s resistance. I the resistance ts doubled the
current gels linbved. In many praciical cases 1l Is Berossary 1o ncreasoe
or dicrease hw current i an elecinie areull. A component used (o
regulale current withoul changing the voliage souree1s called variabile
resistance. i an electric cirowit, 8 device called riveostat 1s often usad o
change the reststance in the ofreatt. We will now siudy aboul elecirical

Tesistance of a conductor with the help of [oflowing Activity,

. Tkhumahmmnmhimﬂ:.nlﬂﬁimﬂmﬂmmm B A mange), n;ﬂn;
key and some conmecting wires,

« Sel up the etrenn

by conmecing four diy ool ol 1.5V each in senies with e ammetsr

Nelivinyg i gp XYt (e etreutl. as sbown in Fig 114,
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I Riehromu wirn o

-

1-
E
|~

-5
s

L

Figure 11.4

« Complete (e crontt by comecting the mchrome wire motwe op XY, Plag the ey, Note
dmhm@m@%mtwmmmmmmwmmm
fram: (he plug afler measuring the current throagh the ciroult]

+ Replace the nichrome wire with the toech bulb t the ciroatl and-find the current through:
I by messring Use reading of the ammeter.

«  Now repeat the above step with the 10 W tmib m the gap XY,

+ Are the ummeler readings different for diffoerent. comporients. onnected dn the gap Xy7
Wihnt do the above chaermiions midicate? '

* ¥ numy repent s Activity by keeping any malevial companent iy the gap, Otserve the
nmmeler rendiy moeach cise. Anilvse e observnlons.

in this Aciivily we observe that the carrent s differend 'for diferend
comporents. Why do they differ? Cerfatn componentS ollier an easy path
for (e Oow of electre cument while the'others rests! tse fow, We Know
that moton of electrons tn an eletiric cirewll constiates an electoc
eurmenl. The electmis, howover, are nol completedy free o move withina
camsdiclor. They are restrained by the attmeton of the sltoms AMMOTLE
which they move. Thus, molion of r_'li'{‘:i_n_ul.ﬁ throtgh a4 conductor Ls
retarted by s reststance. A comparend of a given size Lthal offers a low
reshstance 1s & good conductar. A comductor having some appreciable
mslstance s called a resistor. Acompanenit ol idenitleal stae that offers a
tteher resistance ts & poar comdoctor. An insalaior of the same seee ofTies
cwwn higher resistance.

11.5 FACTORS ON WHICH THE RESISTANCE OF A
CONDUCTOR DEPENDS

Activity 11.3
« Complete an electric oirenlt constsiing of i ool s ammeter. i nichiromi wire of length §
jeay. nmiu![l][mﬂnplu,l,hy as shows s Frg, 1105,

Elrrtnomy 7
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Figure 11.6 Klestric cirout s dtidy the factors on thhich the pestebanoe of conducthiy itires depends

e

Hwbaﬁlgthfkq Nnte the curmrenl in the ammeier.

uqﬂu::lhenﬂ:lm:mr:la‘ unather mﬂnnmmmmmuurhumhﬂ twice the
lergrth, (hat fa 20 [marked (20 m the Fig 1150

Nofe the smmeter rend
HnwmpmmemhanNHMWmﬂrlhemlmmmtlmﬂﬁdm A
thieker wire has a larger cross-sectlomal aren. Agaln nole dovwm the current throngh Lhe
clreuitl.

instend of tnking n nichmome Wi, rmmmlnmﬂpﬁ'mh:tummmmﬁg,tl,ﬁ]m1m-
arcuil Lot the wire be of the sime feryth and sime wren of cross-seeton s Ul of the
Arst nichrome wire {marked (1), Nobe the vidue of the carren,

Notiee thie cdifference tn Uie current i all coséa.
nwﬂmqumdegmdmﬁmaaahufﬂmwdnﬂnﬂ
mmunmmmdﬂmulunh:mﬂmﬂmﬂruwmw

Il 15 observed that the sammeter reading decreases to one-half whien
the length of thewire 1s doubled: The ammeter reading (s moreased when
a |hicker wire of Lhe same material and of the same lemgth 18 nsed 1o the
cirentt. A clhange in ammcter reading 18 observed whien iowire of different
matortal of the same rmgth-and the same ameg of cross-section &S used.
On applying Ohm's law [Eqs. (11.5) - (11.75], we observe thal the

reststance of the condncior dqufnljﬂ {1y o its length, (1) on 1S ares ol
cross-sertion, aned () on tie maiure of 1S matedal. Precise meastrements
have shown What resistance of a untlorm metallic conductor 1s directly
proportenal to 1ts length [ and inversely proportional Lo e areq of
cross-secton (AL That 1s,

Re | [1L1.H)
aml R« /A 11150
Coimbitnteg Egs, (118} and (11.9) Wi gel
I
_—
(1198 fx':p:,l L

where p (rhol 1sa constant of proportionatily and is called the elecirical
resstivity of the materal of the conductor, The 51 antt of resistivily is
£2m 115 a charactentsile property of the matertal. The melats and alloys

SCIEH0e



have viery low resisivily (o the range of 10 % & m lb 10 %0'm.They are
good conductiors of eleciniclly. Insulators like mibber and glass have
reststivity of the order of 10M 10 10" © m. Both the reststanoe and
resistivily of a material vary with temperature.

Talie 11.2 reveals that the reststivity of amalloy is gencrally bigher
tilﬁn that of its constituent metals. Allovs donot oxidise (i) readily

al ligh temperatures, For this reason, ey are commonly used In
electneal hestine devices, like dectric ron, loasters ofe. Tungston tsasxd
almest exclistvaly lor Maments of deciric bulbs, whereas copper and
aluminium are geperally used for clectncal (ransmission nes.

Table 11.2 Elecirical resistivity® of some substances at 2000

T Daterial | Reststivity (8 m)

Condogtors  Silver LB0x 104
ﬂuppr:r_' L2 = 10"
DELX 10N
"mngntm : 520 [0 "
Nickel et 104
tron 100= 10"
Chromiim FPEES L
Mereuary S BEDx10f
Manganese < ux10*
-Alloys Constanton . wxios
ey of Coamd N
Manganin, £ " 44> HH
(afloy of Cu. Mo nn;ll-l'im .
Nh:hmmu ’ I_tli!_{rlﬂﬂ
Insulators qhm: - h;wt. 1o
Hardl rubber - el
Ebomile . L 10% =107
Hmmﬂ " 14 jg=
Faper I;rh:ﬂ = ! 08
'hnl rlnr-rmd i imrEeres {le—r I-r.ﬁ.u.. Fime onm s l.hunr iqrllies o =ivesg nrmEericnl

Fnimple 11.3

(a) Flow muoch carrerd will an electsic bl draw [oma 220 V smme,
W ilie resistance of e balb Mament 15 1200 97 (L) How much
carrenl will an electot heater coll daw o & 220 V sotiree, I
the resistanee of e lealer coll s 100 £2

Solotion
() We are given V=220V, B= 120 00

From Eq. [12.6), we have Lhe currenl [=220V/1200 G =018 A
() Weareglvwn, V=220V. R= 100 &

From Eq. [11.6). we have the curmenl [=220V/1000=2 2 A
Note the diference of current drswn by an elecirie bulb and electnic
hoaler from (e samie 2200V soures!

Electnomy
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Exnmpls 11.4

The potenital difference between the lerminals of an eleciric heater
15 60 Vwhen i drsws a curvent of 4 A from e source, Whal corment
will L tlnn!trdmw il the potential difference Is increased to 120V?
Solution _

We are ghven., potential differvmeoe V= 60V, curment i=4. A

Accarding to Olim's law. R —% Ef: =154,
When the potential differenee is tncreased (o 120 V the curmend 1s
ghven by

Vv 120V

CUMTEnl= = === 8 A
=% 150 '

The current through the heater becomes B AL

Example 11.5

Hesistance of a mefal wire of length | m is 26 £ at 20°C. If the
diameter of the wire is 0.3 mm. what will be the resistivity ol Lhe
meial at that temperature? Bstog Tabie 1 1.2, predict the matertal
af the wire.

Solution

We are ghvin tie resisiance R of the wire = 26 Q. the dlameter
d=0.2num =3 x 1} m. and the length Tal the wire= 1 m.
Therefore, Tom g, (11, 10), the reststivity of the given metaltic wire 1s
p = IRA/Y = (RadF/4l)

Substtutton of valties tn this ghves

p = 1RIXI050m

The reslstivity of the metal at 20°C s 1,84 * 10 @ m. From

Tabile 11,2, we see that this is the reststivily ol manganese,

E:ump!: 1.8

A wire of glven msterial having lenath and ares of cross-séction A
has a resistance of 4 @ What would be tie restsiance ol anolher wine
of Lhe same material having length [/2 and area of cross-section 2A7

Solglion
Far first wire
N |
R, =p A =4y
M for second wine
h'.e 1 I
Ry=p5y = Ay
Ry = ‘:_ R,
R= 10

The restslance of the new wine 210
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| UESTION S
| Ui whal favior does the resintapce of o
coiiducior degesl?

2 Wil cerrrend M moer vasily through s thilek
srive or a Utk wire of the some malertal, wihen
comectod 1o U same souree? Why?

& Let thie yeslistance af an eleginical comnjrsyenl
remaind eopsdanl sthile the polenilal (illferenve
miéross e two etids of e compabenl
docezanes 1o half of I former value. What
chiutige will oooum in e coarenl termsgh o7

£ Wh nre volls of plecizie toantem and elecixic
iron= mude of an allay mather thon o pare
mdal?

Lise the dala I’ Tuble 11.2 (o imewer the
inllowing

&

() Which anong v s aneroary s 2 better
cotdiriog?

bl Which matemint 1% the hest comdontor?

11.6 RESISTANCE OF A SYSTEM OF RESISTORS

In preceding secions, we learnt aboul smne stmple dectrc dreuts. We
have noticed how the current through a conductor dr:]n"rr!r; upon i
reststance and the polential difference across ils ends. tn various clecirical
wadgets, we allen use festsions in varous combinatians. We now therefure
mtericd to see how Obm'siaw can be upplt('d (o combinztions of restElors,

There are two methods of jotning the resislors logother. Figame 11.6
shows an electric cireutt n whitel tHiree réststors having resisiances R,.
R, amnd R, respecttvely. are jomed end to-end. Here the reststors are sad
to be comnected 10 series:

A x ,‘HIHH'HH 5 .Hnﬂiﬂ" -5 ,nﬁf;l. Y
= X AL
¥ *
7 )
Cﬁ) 3 I-U—
in Wi
E o

Pt

Figure I'l.6 Resisiors inserfes
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Funre 1 1.7 shows a:.caombliation of sesisiors lo which three resdsiors
an coniiecled Logether belween poinls X and Y. Here, Lhe resistors ane
sald (o be conmected 10 parallel.

LY Y H H ——— ()

Fiure 11.7 Reststors (r prarmillel

11.6.1 Resistors in Se;ies

Wit happens to the value of carment when s rumber of resisiors ane
cornected In serles moa cfreutt? Whal wonld be thetr equivalent

reststanee? Lt ns by o imderstand these witls Uhe help of the followibg
acliviltes.

Activity 11.4

+ Jdoin, three Teststors of different valyes o series. Connect them:
‘wiih a baltery, s ammeter a0 plig key. as shpwp 0 Fig. 118
You moy vuse (o reststors of walues lthe | Q02 8 3 4 ofc,, narsd o)
bBatlery o8 Vlir performing 1his Actbvity.

© Pl the key. Note the smmeter seading

o CHEnge Ihe postlion of smbler Lo aoywhers in belween Lhie

» Do you find sy change m the value of carrent through the
pmmeler?

You will obhyerse that Use value of the current o the ammeter Is the

same, intdependent of 1S postiion (n Lthe electrie circull. [ means that
4 serles comblnation of resisiors the curment 18 e same W every part of
the cteeutl or the same cirmend throagh each reststor,

SCIEH0e



Activity 11.5

o 1 Activity 114, tsert ovollaneter avross the ends X and Yoof e
Bevie cmbinnlion of three mestistors, is shown tn Fig 116

« Plug the key m the cirentt and note the voltmeter reading. it
gves the potenital difference acroas the. senws combnmalion of
reststors. Led 1L be V. Now measuse (he polential diiferetics arross
the two feimimals of the bettery. Compare the two values.

« Take out the piug key and disconpect the wilimeter. Now inser
U Voltmeler avross the ety X and P oof (he fiest restston, s
ﬂmnmng.ll_& '

i

- o ;- “ : _- .
—fHHHF————D
Figure 11.8

© Pl the key and meastae e potentil difirence aomss e sl
restator. Lel it be v,

» Shnllarty, mmapuuﬁummmmmmﬂrmm
Tesiators, & Iﬁﬂmﬂlﬂahﬂ?nﬂd? respectivoly.

« Deduee i ﬂphehmu’.'.v LT

Youwlll observe that the poteniial differenice Vis equal to tie sion of
potenitial differences V,, V., and V. That Is the total potential difference
arross a combination of restsiors in series is equal to the suam of potential
difference acinss the individaal resistors. Thal s

V=V, 4V, 1V, LI

I the eleetric ciroutt shown o g 118, lot [be the current throngh
thie etront. The coment dhorough each reslstor s also LI s possible o
replace Lhe three reststors jolned In serles by an equivalent single reststor
of reststance 7 such that the potential diference Voacross 1L, and the
current | through the cireuil rematns Hie same. Applying the Ohm's liw
Loy the emtine ciroudl, wye luve

V=IR (1.12)
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O applving Olim's law (o the (e restsiors separately, we further
have

V= IR (L1 T3y
V.= IR, 3oy
agd V.= IR, 111. R3]

Frum Eq. (L1.11].
IR=1R,+TR*IR,
[A]®
R =R, +R +R, (11.14)

We can conclude that when several restsiors are juined in seres. the

resistance of the pombination R, equals the sum of therr ndividual
resistanees, R R R, Millﬂiﬂl&‘jﬂtﬂll‘fﬂlﬂldﬂ}*ﬂﬂﬂ'ﬂdﬂdi resistance,

i

i s ;

—HHHE L)

Ezampie 11.7

An dlecinic lamp, whose Tesistance 1s 20 @ and a conductor of 4
resistance & ommieciod toa 6V batlery (Fle. 1 129), Calenlate (i) the
tolal reststanes of the et () the corvent througs (e eireolt, snd @)
the potential diference aeross e elecinie lamp and conductor.

W
-
-

Fgure 11.8 An slecitic lmmp connectsd i serfes with

@ resiniie of 213 o a 5V ballem

Solutlon

The reststance of vlectnc limp, R, =204,

The resistance of (e conduetor conmcted in seres, R, =4.0
Thien the total resistanee i hie oot i

ﬁ = Rl * R:

R =200+40=240

The lﬂ:.!ﬂ.l potential ditferenice across thie two fermimeds of the battery
V=8

Now by Ohm's law. the ommendt through the ciroutl is gven by
I VIR,

G ".ff..'!fl- £

0358
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Applying Ohim's Liw Lo the electrie lamp and conductor separalely,
wi ged potental dilference across e edectric lamp,
V, = 20 0x0.35A
=5bV:
aml.
that acrpss the conductor, ¥V, = 4 0x 025 A
=1V

Suppose thal we Jike o replace the sepes commbination of electric
lamp and conductor by & stigle saud equivalent reststor, [1s resistance
must be such that a potentlal difference of 6 V across Uw ballery
termitnals will cause a carrenl of 0.25 Al the clroull, The reststance
Rorthis equivalent resisior would be
R =V

= BV/025A

= 241}
This s the tolal reststance of the serles cirewt G0 s egual to e sum
al the two resistances,

Q UE S T.1 O .N-8

| [haw e schemalic diagomm of & orenit copsisting of a battery of thier
cills of 2V vach 4 5 £ realsiing. an 80 vesluior, and o2 Orestsior. ool
g plug key. ull comnecied oossTies

2 Rodmw e elreal of Cloealboty 1. ganlbteg-tn oe smmneler (0 mefisin
the current terough the esipioss pod o vollEetor lo measyre the
petimidlal diifererie avross e 120 resthior. Wikt sould be Uie readings
i the ammmeder s the vnliaieter”

11.6.2 Resistors in Parallel

Now. let us consider the arsangemoent of thoee resistors joimes in paraliel
with n combination of eells for a battery), asshown m Fig 11.7.

Activity 11.6
n,

. thnp::ﬂﬂmmﬂ!ﬁimﬂ.rﬂlhm - -

resiciors huving resistanées 'R R, ud R N
Fumwtibwﬂhnhnttﬂqr n b "‘"';'"

plug key lmdqh wimeler as Shown :

Fig. 1110, Alsa gonnect o voltmeter in Y ® T

parallel with the combinnbion of reisiors. o)

« Phug the key and note the ammeter reading. R |
Lﬂlmkmrlhuhri.ﬁlmtakelhewhﬂmﬁ; 4 i
reading ‘1 gives’ e polentinl differerice V.
serass the combiinution. The polemtinl
differenme deroms eacdl Testalnr s dlo Vo This = " ~
an be checkad by comecting the voltmeler == H+ H {) A 4N
ntross ench lmdividual fesistor [see .

W 1440 Figue 11.30
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© Take pul the plud fom e ey, Remote (he amimeler and valimeter o the ctroiit
nmumuﬁxmeummmthmnﬂumnruﬂmmru T L Note the smmeter

15é

readingt. [,

i

Figure 11.11

© Simtlarly,. mlhmmwﬁmiﬂrmmirhi nndf,rupmhwly.
WHIL B (e relitionnhiip between L7, L i

It is observed thal the total current 1L s equal to the sum of the

separate cvmrends through each branch of tie combilnation

I=I+L+I, 11.18]
Let R be the equivalent resistance of the parallel combination of

resisiars. Bg.e applying Olun's Iaw o the [mra]lul conibinatlon of restetors,
we have

=N (11.16)
O applyving Ohm's law (o each resisior, we bave
L=V /R: L=V /R umll, =V /R (11.17)

Fromi Bgs. (11,18} 10 (11,17}, we have
VIR =V/R, VIR, 3 V/R,
ar
bR =1/R+ /R4 LR, (11184

Thus, we maty conedude that the rectprocal of the equivalonl resistanco

of & group of resistances Joined tn pamallel 1s ¢qual 1o the sum of the
reciprocals of the tndiidual fesistances,

Exznmpls 11.8
In the clreull diagram given tn Flg. 11,100 suppose the resisiors R,
R, am R have the values 50 104, 30 0 respeelively, which liave
hietm eonnectied W batlery of 12V, Caleufate (a) the carrend through
cathreststor, () the total cureent in e ctreutt, and (o) the todal cireait
reslstianes.
Bolution
R=50R=10Gand RL=3500
Potential difference acmoss the batlery, V=12V,
This s also the potentisd ditference across each of e dividual
resiston therefore, 1o calealiate e cument inLhe reststors, we nse
Chm's law,
The current |, through R, = W/ R,

=12V/50 = 24A

SCIOnen



The current. L rough B, = W/ R,

L=12V/iI0 &= [ 2A
The curtenit 1, through R, = V/R,
L=12V/E0 0= 0D4A
The tolal ciomend i e eloeuid,
1= Lixl;+l,
=24+ 12+04)A
= 4-A
The total reststance R isgiven by [Eq. |11.18)]
LI S I S
ﬂ ‘i ]I'J M3
Thus. R =360

Example 11.8

N Fe 1112.R, =100, R,=400 R.=300, R,=200, R.=600.
and a 12 V baticry s connecled to the amangrment. Caloulate
(a) the total resistance in Uhe cirrui, and (b) the ota) cument Qowing
i the cirondt.

—e— AN
Solution i
Suppose we replace the parallel resistors R, and R, by an ' L
equivalent reststor of Teststance, R Simflarly we replace Ny
the paraliel resistors R, R, and R by an cqitvalent stngle !
Tesistor af Teststance R” Then using Eq. (1 1.08), we have |
I/ R=1/10+ 1740 =5/40:thuiis R =80, = .
Smitarly. 1/ R = 1780+ 1720+ 1 /60 =6/60; =5 ()
that fs. R = 1000 = h
Thus, the (olal resistance, R=R'+ RT= 8L B
To calowale the curmont, we use Chm's law, and get —-I-!-"?P""r'*—'_-
I=V/R=12V/180=DETA. s
Wi have gqm tiatl In & sertes el e curmem 15 constant i, '
thraughiont the electre ctrewdl, Thus 1t 1S obviously impracticable 10 gpyre 33 12
connect an electric bulb and an glectrc healer tn series, because they  Aneleerrie cffeutt showihig
1 LT 1 e Cornbitrrodion o/ sevlis
peed currents of widely different values Lo operale property fsee Example ot _

11.3). Another major disadvantage of a serdes cireul §s thal when one
conponent Gils (e chenll s broken and none of the COTpeTeTls WOTKS,
I you have used ‘fatry l!ghlh lo decarate butkdings on festivals, on
merrage celebralions ete., you might have seen the electrician spending
Jot of tme i trondle-loeating amd replactng the dead” bulb - each has
Loy b testeed to find whiieh hias fused or gone. On e other hand, 2 paraliel
areudt divides the cument through tie elecinical gadgeis. The tolal
resistsnee in-a parallel cironit is decreased as por B (11 18), This i
hetplul particuksrly when cach gadget has differont resistance anid
requires different curmont Lo operate property.

Elrvinomy
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Q UESTTION S

diudge the equivitdenl resistunee when (he following ire comnecis] In
paslel () F 2and W2 ) 1 2 and 1P L G 10° &

An elecirie lnmp of 100 O & looester of reistanee 50 & gl o water
Nkt of restsbinee 50000 e comsecied in paRble (on 220V Emee.
Whint Im the restatonee ol @n clcte fron comnested (o the same soEme
Lhzl Lakes as much corent as sl e appllagess, ol whal = e
crrrenl Lhrough (Y

What are the advantages of connecting elecideal dovices in pamifet
willy ke Ballery Instemd of conpesiing tem i oseris?

Iow ez tlree fecilston Of resisiaiven 2 0L 3 @ mind 6 O Be cofmwedied
to @i a tolt resistmen of ) 4 8, () 1 a7

Wikl b fad Ahee butgdliesid (D) U= Jowestl polal regsimmes it ca be serzred
by, combiriniiems. ol foar cofts of redstoniece 4 0, B0 )2 O 24 (7

(L1

11.7 HEATING EFFECT OF ELECTRIC CURRENT

We kmow that a battery or a foll % & source of slectrical enorgy, The
chiemtcal reaction within the cell penerales the polenttal difierence belween
its two terminals that sets the electrons tn molion o Gow the curmend
through i resisior or a System of resistors conneeted (o (e batlery, We
Fave ileo seen. 1o Soction 11,2, Ll to meaindatn Ue oarrent, (e solnoe
lias o keep expending iis energy. Wheredoes Uis efierpy go? A part of
the source energy in maintaliing the carrent may be consumed nio
useinl work (ke tnrotating the blades of an eleciyic lan). Resl of (he
souree energy may be exponded o heat (o mise the temperature of
gadgel. We often observe this n our evenywday ke, For example, an clectrc
fan becomes wirmn i nssd contimumisly for longer Ume cic. On the other
hiand, If the eleetric ctreul! s purely reststive, that 1s, a configuration of
restsiors only cotnected 1o 2 batterv: the source energy continually gits
dissipated entirely o the form of heal. This 1s known as the heating
elfert ofelectrie currenl. This elfect s uiltsed in devices such as dleciie
heater, electrie tron ele.

Constdier a current ' owing Umough @ res)sior ol reslstance R Let
the polential differetice aoross 10 De V(Fie. 11.13). Let £ be the tme dunng

wiitch a charge (2 dows across. The work done i moving the charge

througi: a potential differenee Vis V@ Therefore, the source musl supply

ey equal o V@ in time [ Heoce the power impul to the cireutt by the

SOTIT S

|;=1-%_—w (11.19)

O the energy suppited to the cireutl by the sourde o tme Lis Px L
that ts. VH. What happens (o (s energy experided by the source? This
energy gels dissipaled o the resistor as heat, Thus for a sieady
currend I e amounl of et H producoed e Bme L s

H=VK 111:20)

SCIOnen



Applying Ohim's Law [Eq. (11.5]]. we gel

H=FRt 11.21)

Thils 1= known as Joule's law of hieating. The
Taw mmplies that heal produced mn a resisior s
[ directly proportional (o the sguare of current
for a given reststance, (1) directlv proporional (o
resistance for a glven current, and (1) directly
proportionad (ot bme frwibch te current flows
throngh the reststor 1o practical siinations, when
an sleciric appliance s connecled (o a known
vollage source. Bq. (11.21) 1s used afler
calenlating (he ourrend through i, wsing the
relation [=V/R

o
=
-

L = * (Jj
- ;

e

Figure 11.13
A steady cormend in a punchy reststtie elocoric cinoedl

——

Example 11.10

Anplecite Iron consnmes fnergy al a rate of 8B40 W when heating is
al the maxdmum raleand 550 W whenthe hieating isat the minimimme
Thovollage s 220 V., What are the urrent and the resistance in cach
casg?

Solutlon _ _
From Eq. (11,189, we know that the powertnput s
P=vi
Thars the corrent 1=P/V
f) Whien heating bs st the maxinm rate,
[=840W/220 V=4 R2 A
and the reststance of the elpctite on s
R=V/I=220V;3 82 A=57T 010
[b) When healing is at the minimum e,
=360 W/220V= 164 A
and the reststance of the electne dron is
R=V/I=220V;1 B4 A=1341500

Example 1111

1000 of heat 1s produned rach second a4 @ resistance. Find the
potential differenoe across the meststor,

Solution

H=i{¥J, R=40. t=1s. V=2

From Eq. (1 1L.21) we have the carment throush the reststor as:

! VIH/RI)

VOO T4 ax 1 sl

A

Thias the potential difference across the reskstor. Vimom Edq. (1 L5)] s
V. = IR

5Ax40

24,

1 | T

Elrctnony 199



Q UESTTION S

Wiy clies Lhie comed ol nn elecitle heater gl Bow while e bealing dlemenl
Uipes7

Campwie the hat genenied whille immistereEng k) conlnmb of chargn
in one hewr tErengh a potentint differenee of 50 V

An pleinie tron of rest=tanres 20 O ks @ coment of 5 A Calendale ths
kst ddeseloped] in G0 5,

11.7.1 Practical Applications of Heating Effect of
Electric Current

The generation of heat in a conductor is an inevitable conseguence of
electnie current. In muany cases. 1 s andestrable as 1L converts usefinl
oleclrical energy Lito heal. In elecirie clreutls, U unavoldable eallig
can thereass the tempertiare of the compotionts and altet thett properties.
However, heating effect of electnie current his many usefl applications
The alevimie laundry trom, eletiie Waster, eldctrie aven, electric kettlo
and electric heater are some of the amillar deviees based on Joille's.
heating.

The electric heating 1s also dsed to produoce Tight. as in anelectric
bulh. Here, the fament muost retan as much of the heat peocrated as 18
possthlie, 5o that it gets very bol didemits lpht. I must nol melt 3t such
high temperaiure. A strong metal with high melting potnt such as
fungsten (melling palnt 3380°C) s tsed for mking bulh Maments, The
Ailament should he thermaly 1solated as much as possible, using
insulating suppart, etc. The buths are uspally ffiled with chemically
Inaed v (il et amd Greon gases L0 prolong Wie We of Mamen). Most ol
the power conswmed by the Mzment appears as hedal, but i small part
of 1115 in the form of ight radtated.

Another conmmon appication of Joule's benting (s the fuse used m
elretrte eireits, 1 protects cirouils and appliances by stopping the ow
of any nndaly high elecirie current, The fuse 1s placed tn series with
the device. It consists of a plece of wire made of a metal or an alloy of
Apprapriate melling potnt. for example alimimtom, copper. lron lead
‘el 1 a curment arger Uian the spectied vale Gows throagh e clroull,
the lemperature of the luse wire inereases, This meits the fse wire and
breaks (he cireult. The fMse wire (s usually encased th a cariridge of
poacekain or stinibarmastortad with melal enids. The fases used for dopeste
purposes areraled as 1 A, 2A. 3 A, 5 A, 10A, vic. Foran electrie iron
which consnmes 1 KW electric powerwhen operated st 220V, a current
ol [1000/220) A, Lthat 1s, 4. 54 Awill Now in the clrendl. mthtscase a5 A
Tuse muist be used.
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11.8 ELECTRIC POWER

You have studted mn vour earlter Class that the rale of domng work 1s
pewer. This ts dilso the rate of cotstmption of energy,
- Equation (11.210) gives the rate al which electric energy 15 disstpated
or consimed n an electrie cirewlt, This s also termed as elecinie power.
The powrr Pis given by
P> ¥

Or = FR=\F{R {11.22)

Thie S1unit of elecirie power s watt (W), It is the power consumed by
a device Lhet carmies 1 Aolourmenl when operatnd al & polental differerioe
of 1 ¥. Thus,

I'W=Twkxlampore=1VA 1123,

Thee undt “watt” ts very small. Therefore, o actual prachice we use a
much larzer unil called kilowant'. It 1s equal lo 1000 walls Stnce elecimical
energy is e produdt of power and tme. the antt of clectne enengy s,
therciore, watt hour (W hil. One wiitt hour is the energy consumoed whern
1watl of power 1s used for 1 hour. The commercia] unil of electne energy
s kilgwall Lot (KW ), commonly known as ‘ol y

| EW b= 1000 st x 4600 seoomd
= 6% 10F witnl serorul
= 6% 10" joutle L)

ithat we use.

NSNS 995

Many people thiml 1Hat electrons are mm_imrdt&anelmmmmt. This ts wrong!
We pay the elecirictiy. board or cleciric company (o provide energy to move electrons
tpongh ﬂxnﬂm:bﬁidgelslﬂteﬂmhm bulh; fan and engines. Wi pay for the cnergy

More to Knowl

Example 11.12
An eleciric bulb 1s contecied Lo a 220 V generator: The ciimenl 8
0.50 A Whial 15 Hhe power af the butl?

Salntion

mo= VI
= 220V=050A
= Ji0d/s
= HOW.

Example 11.13

An eleetrie refgeralor rated 400 W operites 8 hour/day. What 1s
the eost of the energy to operale i for 30 days at Rs 3.00 per kW h?

Elrvinomy
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Solution
T total energy consumed by Lhe refmigerator tn 30 days would be
400 W % 8.0 hotr/day x 30 days = 96000 W
=96 kW h
Thus e cost ol energy (o operate the relrgeralor for 30 days is
96 KW h = Rs 3.00 per kW b = Rs 258800

QUESTIONS

L Whil dedezmitnes the mie al which energy is debvered by 8 ourent?

An desine msor WErs 50A om0 220 V ne, Deienniner e (ewer of
thr s aml the aenly comsnmed in 2 ke

s

\
s Astresmol plectrons moving through a condueioar constiiutes dn elovire current,
Coaventiomally, thie divecbion of curront. Is mkm oppastte ty e direetion of fow of
clevtmns.
= The STuntiof electre curront 1S ampers.
* Tosel the eléctrons in motien in'an electric clroull, we s 2 cell ora baltery. Acell
generates a potential differimee across 1S termitials. s measured Involls (V).
= Resistance is a property thatrestsis the flow of eleolrons i a conduclor, 1t controls
the magnttude of the current, The S1untit of resistance Is olim (£).
= Ohm's faw: The potenttal differende acmoss (he ends of & resistor 1s directly
propartionil 1o U currenl Wirough i, provided 18 lemperatun: remudis (i same.
» The reststance of 2 conductor depends directly on 1ts lengt b, tnversely on ttsarea of
cross-section, and also onthe material of the congductor.
o The sguivalenl risistance of seviral resislors bl sernes (5 oyital Lo We sam ol
® Asel of resistors conmected in parallel has an equivalent reststance B given by
d 1 1
R, R RR
= Thit clectrical energy disstpited tn a resistor is given by
W=vxixi
= The untbof power 1s watl (W). One wall of power 1sconsumed whin 1A of current
flows al & potential difference of 1 V.
»  The commercdal unitof electricsl energy s kdlowalt hour (kWh)
1 kW h=3.600,000.0 =3.6 x 10,
\. | J
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: Mumtu'wrmdwmmm R ts eul iuto lye equal paris. These pirts am then

10,
11

12

eninected tn paralicl. 11 the squivident Teststanee of this combitation i R, then the
Hio B/Rs —

fal 1/25 bl 1/5 CE (] 25
Which of the following terms does ool represent electrical power ina clieutl?
@ FR (o) fr¢ v VR

An slectric b is' rated 220 Voand 100 W, When It 1s operaded o 110V, U
power consumed will be -
(&l 100w b)) oW [c) SOW () 25w

Two eondaoting wires of the seme matersal and of equal hﬂﬁhﬁ;mdequahﬁam:'ﬁ
wre fivst oormected 0 series and then pamiiel tnoa cireult acnoss the same pof et
diflerente. The mtlo af het, procuced i seres wd paraliel combirtions sottd by -
{5) 1:2 [b) 2:1 ) 1:4 i &1

How is a vltmeter connicted 11 the ciroutt i measuss the poleotial dilference botween
bW petuils?-

A copper wire has diameter 0.5 mm and Teststyity of 16 % 10 * @ m. What wil be

the length of 1his wire (o make its reststance 10 27 How myeh does e resistanoe
chiamize 1 the diameter 1s doubled?

The values of currenl | owing in 8 given resistor lor e corresponding values of
potenital difference Vaoross the rests{m*fam;pvm below -

Iamperes) 05 L0 200 30 40
Vivolts), 1.6 84 . 67 102 132
Plot a geaph between Vatd [arid calominte \he reststance of thal restsiof,

Whiet a 12V batiery s ronnecled actoss an unknown restston, there §s & curres)
of 2.5 mA m the clreuit. Find mevahleufummtammznnhemﬂr

A battery, of 8V 1§ cannertost misertes with restsiors of 020 080 040, 050
prd 12 @ respeciively. How mucth eurrent would fow throngh tho 126 resistor?

How many 1768 Q resistors (i pamalie]) dre required Lo catmy 5 A on i 220 Viine?

stmlmj-uummki connent mrnrmlms, pach of reststance 6 &, %o thal the
cnmbination has i feststance of {19 & I $ 0

Several eleetrie bulbs destgned (o be used on & 220 V dlectrie supply Hne, ame

“mted 10 WiHow many lamps can bo conneoted i paraliel with each othor across

14,

Erctnomy

the two wites of 220 V Iine 1f the maxtmum allowable curmmt 1s 5 A2
A hol pltite df an electrie oven ' cotiected 1o 220 V Itne lis two resistance cofls
Auad B, cach of 24  resistaneo, which may be nsed separalely. nsenes, or m
parillcl. Whal are the currenis n the three cases?

the power used nthe 2 2 resistor In each of the fbllowing cirenlls!
i) & 6 ¥ battery tn series with 1 6 and 2.0 restsions, and (1) 2 V battery In pamilel
with 12 0 antl 2 Q resisiors.
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15 Twolamps ons rated 100Wat 230 V. and the other 60 Wat 220 V. areconnested
hﬁmﬁﬂhmﬁm@w Wha;mmmﬂsdmmﬁnm&ineihhesa@h

Yoltage Is 220 V7
16, Wainh psesmore en=rgy, 2 250 W TV sstin Lhr, ara 1200 W tcasterin 10 minutss?
17, -Anelectric heater of resistance 440 draws 5. Afrom the service mains for 2 hours.
Caleulsts the rate st which heat is developed in the hester
18, Explainthe following
L} ii‘hymthemdmztmnfﬂmnhhmgdzuﬁes such s bread-toasters
-and electric irons. made of an alloy r=ther than 3 pure metal?
e} Whylsthe ssmies arrangement not ussd for domestic drouis?
(di  How doss the resistance of 2 wire vary with its area of cross-section?
[¢] Why =te copper and #mmmwﬂyemphmdmrdmmnx
ATEnSmissionT
Y
104 Beenoe
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