UNIT-3

CURRENT ELECTRICITY

Electric Curvent

The +ime vale o b 0} charge Hiwo
Cyoss - Sechonm of a omduMiA cdleda}gcdﬂc“g:rrw

Electve Cwmarnd I = T

t

Wire —® ™\ —® +®
]
RECARA=0) 8 <@\

) Ik the rate o of ¢ varies with
time , then cuvrent af any Airne. (instantaneous Currerd)
a4 aAv(n "El’

I = a9
ok

B ST Unt of the cwsent 2 Ampere (A)-
1l AmEre.-
The Cwoant Fho

A wrive «a Saus 1o
be. 1 ampeve , M one ceuwlomb” of charge Ja flown'na,
per secomd th any Cross S chomn o} wire’

i AmPcYe n) = M

1 secomd (S8)

9_ Cuppant b a scalar quanhity.
Tho the. electvic Cukkent esends the clivechon

of How of “pesitive charge , yet ¥ mccl as scabw,

becawse cument follows™ the law of Stalar addihom and
not the Llaw of vector addition-

= 1C/s




~‘£>’:_ Cwvont 4i a Scalon quankity.

Tho the elechric Cutkent represends the cliechon
Of jlow of ‘positive change , yet ¥ freoted ax scalur,
becawse cunent follows™ the law of Stalar addihon ad
not +he Llaw ofy vector addition-

Divection o_f Electric Current

(i) Comwenhona) Cusrant
The. olivecton flow o poa; tive change
Fiver the civeckion % Cm';bf. It ut Calleo] Cormvenhimal

(ii ) Elechonic Cwent
The olirecHion o*b' f{ow ot eYechona aivu “+he.

directon of elechumic cwwvent. The divechom o elechonic.
CQwwant b opposite do the convendional Cwvund-

direction of electric current
E—

Ny

R o G
direction of electrons

-
|
|

V (Potential Difference)

Diﬁeren’l ‘types oj Curvent

‘W\ pulsating

\ direct

Utematlng




Change Cossuers

Positive Tona

() Condlucors Positive amd|
Free electronA Neao&'wc Tons and ‘Ft'ee electron
) Semiconductoy (At high Veitege)
Fxee electyons
and holea
(i) Twswd ators
No cha;-{’e Corvriexs
Drift Velocity
It © ned ax the a velocy Lorth
which the. oo <a-d— dﬁﬁvﬁeehwa:i& Haa
the Conduedor under the influnce. of

POAH"! ve e ob
an extermal electvic -b—v'.dd aﬂwu ed.
<—— Force on electrons

Likidhass;

E Field ——>
+|I—
ll

Let E s +the sten ) Lied] elechic }ek
Hun the Joree om elec}wa:r dgl_nito applico] field i -
F = eE (e = charge om dwhm)

If m W the mass of 2lechen, than accelevation
Procducsd b given by e
"



I T Js the welaxation Xime , which Ui aver
that an elechon spends  behaeen tum Cnlhswns,
‘H\m

a-= V“t; oY Vd = QT
Hon = (EE\T
Va (m)

* The average velaxation time (t) 44 °b the owder

o 16™ second -
s _ mMeon jree path obdedm
* AVMﬂQ Relaxahm Time = I sptad ) alo

Mobility (u)
Mobulrl"a ah.ae Casrters , vesponable 1

the cuwsvarnt iy ned +he mtucle ok dri
vcj’oufa ab (.]no\haj.-t;)b\_ u?u’,t dedlmg ,-b(dd Q-féplldbi

dviff Velocity = Vd

M= ;
Electric Fied E

oY = ET/m = Q,T't

E

Mob) |y electyons - et
. 'h"? % Me e
Mok lity o} holes My = &Th
my

* SI Unmt of mebility o mY/vs.

, The MObl\vi\J ofy elechtms A a'(u»kr Hian haoles.
" becawe the elechimt are free fo move anamku..o_
¥ inside +he conductey cokile” heles move a—nm

A e




@ Explcu'n how elechon MGB'I)H\& dwanaa to-r a
< d Conductr when  (8) the temperatunt of
Pl 3 '
» 'i: conductoy 1 olecreared ot corwtant potentiod

cUbvmnu_ d (b) Lied potenhal olideunce
J.At doubled ot (:or\/s.‘m:‘\;P thpui:}:u. L

So)

!

The elechom mobiliby | M= et

(&) Me increares with the decreate o}y Femperadure

(b) Me does not Chonge with Hhe increase of
pokaaJ aubboumuz-

&\ A potenhal Lijderance 2V Ja \eol
Q\cmssp{; pov\oludb@ o}, len?i*h o2 m. ;‘;Pﬁm
olnjt vdwm obe'kdec_-l-mn W 3XeM m/s FHan

e

Calculate thom mobnh}&
SOl e  Know E = V/i
So E = 12 = 6o Vm,
amd M= YL o BXUTY o s x5C miiys

E - s




Relochion between olvift velocity amd Cuvvent

Comsidey a Conduchna wive 05 l L and

)\avm? umgwm Cross sectiom "ama A In which dectyc
#el«f Js  pruent

—

L —
—ln

IA YI
1
|-
Let +here aae N free elechons per unit volume.
movina with the chribf velocity V.
Totad Volume ofy the Conductor = Ax L
Tote) Numben oh pree elechvnA = MXAL
Total charge on free electroms = -NALE
So that Current I = %
= e NARE
T s —DEte

[1=-neaw | (v =4 )

@ The olvif vdw%«a o} elechons in a Conduchr us it mfs
yet a bulb adoms instantly when switched on, why ?

Ansmer— When we Close the Civeuit, the elechic fied
Js wu.p i e endive clued cheust sty usih e
J dec neHe waves which Causes elechon

ch-qb—f Poh:hm ot Hhe Civeuwit. Dus do A,
vat_cn* JA bdu.f: in the enbive civeuat 1Mfanﬂg




Ohm's Law -

T The Gwwvent tfowi'n% +aro a Gnduttor
ub clivectly propovhienal do the peterhicd i pferamcs

acyoss the ends of the Conductor, i? +Hhe Fbg:':cd
State of the Corductoy (Temperatue , melhaical shvain
etc.) yemains unchqﬂawl-

mmmﬁc% vV &« T (0)'% vV = IR

R = Yesistanc

Current N

Vol‘tc%e

* Value resistonce R odepends upen the Modune ,
imensions of the conductor.

# ST Unit ot vesstanes. b ohm (o),

Resistance (R)

The resistance ob conductoy £» the o Hom
Oﬂe.uol b'é a deugbv 40 +hae %lnw ot decmd
Cwoeentt 'H\nv\af‘-\ A,

1 Velt iv

LU e T

Thaws L ohm 2u the elechrical vesetance ob a Concluctor
thrvo which a Cuwwunt of L ampere :floms Whan a
stevnchal ol.a%kwﬂr.z °5 1 Vot ua opplied acyoss the
ends of the Conductor:



* Dimension of vesigtance iy [METPA]

Factors on which Resistomee depends

() Len&f‘-\ of Cenductor -

Resistance of a Coneluctoy o) °u"°’H3f
pvopoational do the kﬂaﬁ\ ot Conductoy .

R « A

Cynss. Sechon
o Y

c) p= Y'“IVSHV:I{‘ .:" )

(2) Area of Cross- Section of Conductor-

Reaistance a Conduchoy o ivvews
pPropostional Jo the asea of Qvoss. sechon o} Conductors
R« ¥
(3) Noature of material & Temperatuve -
Fom obeve, R o J;\_

o¥ R = %"_

Whre P dd Knom as srcdyc rasistance or elechica)
fc&'va-'\{; Ob +he maderial ot the Conoluctor-




Electrical Resistivity (FP) -
I} L= n A =1m* Han

R =°

TRM +he rumhvﬁa of the material of a Cormoluctor

d‘gun as  Hel veristance. a L(ré«'t' na-Hn Wity
umt o} Cxoss sechHon °t medenial °b e
Conductor.

¥ ST unit ob— electreal r%;'AHvH\d s ohm - meder (£2-m)

fad‘bv; cﬁtcﬁhg Electvical Ru\'sHvﬂi
Ba ohms Llaw,

VvV = IR
So V: neAV R = nea(eat)g
™M
V = Rme*alY w BN
A %
X . P xA - pL
0 LR £A_,
So =M
f ne*t

Thus ru'usﬁv‘ﬂ} of Conductoy dupends upem -

(l) P « 1/v\ Sinw +he volue 08 n d«t.Pe\'\ds u.pe-a :Hu.
nedture. o} moderial , hence nbwhw%&
Conductoy =lkpends upen the nature ob

Gi) ¢ & 1/'t. With the ncvease in 4ewnpevature obw
Conductor, T clecreosed hnw s P increases.

Q& * Poin , Sothat Tf nt then PU
* Pl | sodhad Tf T4 +han TL So £ 1t




Two wives one ofy Copper and the other ofy mangnin
€ wives having Sevme. vesistemez. ondl €qual Hhickess

which wive” 3 Amaex ?
Resistence. ofy Copper Wive R = _%-A-'*_‘“.

Resistance. of mangnini WIiTe  Rueng. = Stom Lmeng.
b qr =

B

5

[

A(‘cmrcb'ﬂ& 1o +he questioy Reu = Rmang.
.ﬁw L:u = .P,,,.,‘s' lm..a
Since £y << Fany.
So thed Leu >> J\ma
l-e. Copper wive would be ,Lune_!)z

@ whan sv potendial differonce LA applied across

casg a wive o) | olm ,the ohvijt speed of

2987 elechvont 48 2.5 X101 ™5 , T +he elechom
density i the wive A 8x10%® m®, Calculade
the vyesistivity of the maderial of wive.

So). We Know I = NeEAVA
SN =
I-= R and R = PTX

Also
So Hnod 'YT - NeAY,y
Vv - RA
ne Vg L £
e
ow = neval

P ==
8 X10%8 x |-6 x16'2 x 2.5 x16Yx 01

P = 1s6x16° am



Vaviation of Resistivity /Resistance with Temperature

ResiAHv'\%a and yesistance oh the metalllc Gmduchor
ncreases tith imcrease on temperatune.

The yasistance of a Conductor A4 directly orional
Jo the d\aﬂat in tomperature and imitied  Yesi&hance
So that

R, - R} oA R ond Ra=R| & (4,-t)
Ra-Ry & R, (ta-ty) OF Ry~ Ry = %R (ta-ty)

Henee fempevodura. vasiahiom ct, P vedigtomez. Com
be 3wu\ oh -

R,= R [1+ alt-ty))]

R, - Ry

Rl x('t:,"t‘)
TRun —ttfnpc)md’\m- Cne-t-b{u.ew(- cb« fu\llﬂ.aﬂuz_ Fo) cll-{j;mo‘
ahr the increone in vebistance per umit oalgined
v2M Mants pey clt_aru. celsiw or Kavin vise °h im?em:hm

We Know dhoat R =PL/A
For small fimperadwre vaniation, vesistvity o
the vost of the medal vanied Qcconl)na #o Hha ﬁaw.q
redodiom -

oY

p o= PLL+a(tat)]




Note -
(i) For matals & W Pob‘d—ivo. “\Mx_ﬁOTQ vesMane. of o
metal inereares with vise parodune .

(ii) For inswlatey and s(mncm:\udws & id ne[,ai—-ve, 50 the
rsistane decreased with #se m demperatwra.

(iii ) Resistvity of an elecholyie Solution —

By mcnabma thi tmperadune of el g .salu}wq
its restomee Jecveoses. Becoumrs with ine
MMT&. the viscosity decrenses, ouc o wkach e
lork i it Cam move more in Lt Hence the
TesAtivity of elcchrlyte Seludiom Slcreases.

*  The dempercdure Coefficiend oy vesshvi by 1s negehve
fov wt_+-ro5h SoluHon . ’j

Effect ofy temperadturr mn Resistance and Resistivity

L

() For Msals (i) For Margnin ov Ui For semiconductoy
mwwn




@ Twwo matesials Si ond Cu, are codled fyvm 306k
sk do 60 K. what whll be the cffect o Haedy
27 vesistivity 2
Sol.  Tn Silicen, the vesistivihy increases.
In Copper, the remstiviy clecreaser.

(AN

T(K) —» T(K) —»

I-v h for a metedlle wive od +wo different
gt tempenodwiesh T omd T i as Lhowm in fiq.

Which of the two temperahes 1o lower and «gh«/?

3 I} a cnstant cwuent I flows

+nvo +he Conductor , resstemee ! T

at demperatune T, and T, Ja
R| =
and Ry =

Tz
1

Hlﬂ< HIS

Vi Va V—s
.Sl’ﬂCA V"_>V, = Rg >R1

The yesstance op the wive increases Wit Tise O'b
égmpm, Henee T, 4o lower +han T, .




Curvrent Density (T)
cwount olnsity (T) et a peint M a Conduckor
7 olc.ﬁimd os the am of Cuwrant Hem'\na per unmit
area ab +he Cenmoluctor arguncl that PO;Y& P‘mv\'olx.nl Haa,
a divechHm vormal duv the cwound.

area  ds hedd in

T =1 “3
A T
A
al T = NneAVvd
S 8

IT=I = nevq
A

The unit of Cwucent density Js uvpue.]md:i [Amr]

Note- T4 +he ansn wector of +the Comductor 4 ot
the currant then o Calewlate cunsend oluﬁiij

we Showlel take the component of osea wecter a,b:-na

He Curnnent,
T o S f A
A Coie —_ k %7

A cosé

[

Conductivity (o)
The inverse of vesishivimg (P) of a conductor is
called Udz elechicol Co-ndudiv‘ntg-

Co\nclqch'v;{'j o = %

The. umt of elechrcal Conduchviky wo mho/\-nd‘r.




Conductance (@)

The inversc. of ¥eristomce (R) - Collesl
Conductanca o} a Conductor-

Conductance G = ég-

The umit of Conductanca Js wmho ()

Relation between I, o emol E

we Know Haot I = neAVy
= nea [eET ) - NE*ATE
& (58F) = —=<%—
ox I - nelte
A - ™
oy = 41
J 3 E
- JT = oE

Superconductivity

In sSomme metals and a,and whan Hhe
material U5 cooled dv o cvitical Yewm (-19¢°%)
Hue veslstonce of +he mateniod -f s Ao Zevo- Thia
stode of Zevo vesibtane > hen the maderial beome

Su.?c.\.(.oﬂd udu'ng, .

1
R

I -13¢°c T

Use- .Su.szConJqu maderials ane uked when Wi
5‘*"""3» dedver:%mh are Ta’uivd. in MRI
Scanners oy o reduwe Lossen i power Cables.

en C.analud—'wl\'\a S ubed Jo produce very
I specel  Compuders.



Limitation of ohm's Law / Non- ohmic Devices

Those. olevitts which do not obea ohmls Law
ane Qolled non-ohmic olevicas.

Examples - Vacuum tubes, Semitomductoy divole, hensishr
qu‘o( eJec:hoLg‘k. 2tc,

* The sSemitomeluctoy junction clicde _is alse wed H
Convert alfeanatig cwound do oivect Curverd omd axe.
used b Ptaform Various /(.odlc functions.

N

p o
Current
)
( # V'lh{,:. (V )

,G-?- Dode V-1 Chasnctenstics

X The 'b'°"°"‘"ma graph Shons the chenacteriatics of a
denvice. Kmown os a latory which Comaist of fourn
O\M{)moch'na Lou./vvs Db _-tupe orndl N-type Aemitonducios,
Hene the Cuntend™ Covnied by e damvice incveases as
the voltoge clecveases,

\"
Vol(aa&-

ﬂo Curven}- T




X A wmove fuﬂalamu\:rad breakduwm of ohm's Lawo
occuns In Certoin ch.o?A for example. GaAs ot very
Low Zemperatuwrey (at ‘ax).

It is obsexved that the relistance off a
uf\‘rfavfm wive. made o Hae allna Ob Lu:a:'ﬂ 240 4a
move than Fuwice the® vesstanca p Fhe dive of
l L. Thia can be undeastzos! in terms of

the wave Charactey °b <lechmA; which Leade o
iv\.k/ube/\znuz etbeds. This INcrecses vesistance .

Non- Limea?® peaotive.

A |' rql o res Spance!
Cavmpard : R e
I ' : |
' |
1 1 I
-
f |
S 4 ;
o -
voltege (V)

SHINE BRIGHT
LIKE A

N o

-~ ~

7~ N



Colov Code for Cavbon Resistors

Commerci resistors ok d‘t‘bm*d' pe and
valuws are avedlable +he wanket in electwyonic
Civewits Conben Y%lé'ﬁ!‘is are move brenru.mﬂ; waed

Tv Coabovn yeAstvrs valua o} vesistance is inditaded
Ba ‘j'ow\. Colox bands manked on s Swiace o> shotov)

Lol e Gap

'M.’NTDJT Third Digit ‘ Tolerance

Decimal Muhiplier

Color | Figure(first and second band) | Multiplisr(for third band) | tolarence
Black o 7 -
Brown 7 10 -
Red 2 107 -
Orange 3 10° -
Yellow 4 70" -
Green 5 10° -
Blue 6 10° e
Violat 7 107 -
Gray & 10* -
white 9 10° -
Gold = 107 5%
Silver - 102 10%
No - - 20%
Color

The colow of «H-u‘l omd sacow:\ b&nd Yupec;hvd ives

the Jivat and “secomd s 8%+ u_
and 4b‘*f‘l«u,nrol band e '3" wcv “'Phﬁ‘én.r ok
which Hwo  signi | {s a.ru. muldiplied, 1‘0 ob"’mn

+he value of th Y(AI/S"’q




In a given vesistor the Fivat abip be ved,
Second ship be bvown ond Hhird ship be
and fourth be gold then calewlade the vessto
of Hie resistor.

sel 21 x10° 3+ s

@ The. yesmwtonca o{z“;rw. Given Carbon resistor s
2:u xfotn £ 57 . W 4 The e of Colors om
the Stips providled on veristor

sol. R = 2-4xio®a 57
oY R = 24 x16° 5.

The Colovs attached d4o Hhe numbers 2,4 omd s are
veol , yellow omel avean. The Colov for 57 W4 aaial.

T‘\va.a.toa'e’ the. colows of; ships in sequanc, t»o-r %.Lglven
Canbon Yealstor onra. wed , ddlow, grean emd &eH-

The. Sequance D-b Coloved bomds in -+t Covbomn
veairshy R, omd R, b
(@) Brown , grean , blue , Silver
(b) Ovarge , black , grean
Firel the watid ob' Hhav weaistemas.
Sels Acc.n-raUﬂa o Coloy cCodes , weanstance 0-15 Furo
YebAtors ome -
(@) R, = 15 Alfn % {0}

(b)Y Ry = 30 X9 220y
’ . . é
-. Rato Db Hhair vesatenas Rl o LSXI
R, 320 Xl0S
So R il <
Ra



@ Two mectallic urives ofy +he same. matenal have
Bee the same }.«.naﬂq but cross dechona) area is in
+** Hhe roaho L2, They @re Covinected (8) in Sexiea

omd (5) n paralld. Compare the dript velociHea
% cectyons in the two wired i both the Cades.

Sels Lek each of hwo conduchws is of Aughh L.
Simce, Anipt vdod%& o} clectrom W Fiven by -
wrsgn gz ey

(22
Ve = (.e_t),x
m L

At ajvtn *empesratune
d-'btumcl
(@) In serier combBmadion effective length L= 2L
Tn pavallel Combmatiom c.btec,ﬁve length L. = L

Va & 4- | endl potenhal

(B)
Vel sl |
C T O I
Vs &y 2L
So Vay & Vg = L1 2

@ A votage o} BV s applies] across a Coubon

T, YWY with Hrat, secmd emd Hrd ﬁna,s ofs

¥ blue, black- omd yellow Colors vespechvely . What
W the value off Govwnt in mA, through venstor.

9—‘ Resy&tance ob Coxbovi  TeA8F0Y
R = Coxlo"n # 25 2

Cuwweent H\nw\?rk H veaistor
= 3o = Y -4
o X)oM il

=V
R

oY T = o-os‘xxe'?’A = 005 ™A



@ A wive of IS reslstance A «imdwl3 sh-dd,d
c;g”:s 4o olouble_ ..J-s cmamd kna»ﬂn T Ja Han cut |
twb ual - Thede Povks ane then Con
'f\

pavalled acvoss a 2v battery. Find the Current
bodtery .

qmod Cruss - sechonal @A omd —!.m?rlq of

IS o vesnstance. are A amd Lmsdab’thhefd\n);
Hw‘, becomne A omd U -rupedwdtd
Trital  residtomes R = .P‘-/A = 1is
In Coue Of Ahdcbuna ) Volume of Hha wive Yomainy
Smnnz. sSo
AL = A'd

'z A fow

So  Haod A 2 [ L= 2t ]

2 Resdteonc o.btu sﬁ'c‘}cb\:ma

1
© b rl) - e(eh)
S© R = 4R = 4xIs

Now resptance R' = 60 N

After dividing info poats rasistance ofy each pant

4 30 n..

E«bbec-f-we. vesiAtane wb—*o\. Co-nned—ma, +Haem
ndo  panalld Combinadion 4

Rawdm = 30 = IS
2
Applied Potential diff., V = av
v e
Cunrend o\fa:ﬂ~t;u~rn+—4.\:\;qﬁr.hdl— B

\§ £



Combination of Resistors

(A) Resistors in Sevies

ResiattYs ane. Said dv be Covnected in
SM'A‘M combination , ;b same. cuwvunt ‘flo.ws ‘ﬂwmu&ﬁ each
vesishy When Same potential oljkbumu_ <A o.pp.lid auvss
+he Combimahon.

Ry Ry R!
A 1)
Vi v Vs
Is 4
+]=
Vy

If Vis Va ond Vy i3 the pohevchal oh nL OCTosSS
each vesstor Ry, R; a'pd 3 wTeapechy due Jo Hhe
bcdicrv ob Po‘kevvh'oJ cbbte)-nhu, V then

AccofoUﬂa dv Ohm's law .
Vi IR, 4 Vy,=TRy, , omd Va= IR,

Sinca. 'm\ Seniey Combination cuwyvrant Yemaina Same

but poterdial Js olivided so.

V = V| +Va +V3

oY IRy, = IR + TR, + IRy
If Rs s the equivalent vesibtante of +the sexies
Combimatiom of Ris Ryomd Ry Haen-

V.= IR;

Lohen e Rs = R+ R, +Ry




(8) Resistors in paralle)

Resistors are Soud do be Cennected in
arolle) (ombimadion i} petential dijjeromice across each
radistante J3  Same.

R1
I
I‘ AANA
I Ry
IA YI
L s
Vv
Let a botleny of potentiol dijyeremee v i3 Cornnected
acvpss prxrb,l:g Cow bimedion oYy vealstors R, Ry ond Rs-
Total Cwwent m the civelit Ja -
T = I+ Ty + I;
b‘& a.ﬂ»bd;n% Dhws law, we get —
V = LRy = I,R, = I R,
Oy N, = M S GW
Ry R Ry R,
L =1 b1 L1
?P R, Ry » Ra

Henw for vesistors commected in parallel Combinadin,
Tecipmc_al o} equivalind vesistance equal do the
sum o} veciprocal of Indivicluod  veslatances.

¥ The value of equivalent vesistane for resistors
Comnected i ponallel Combinahient wa always less
Ahon the valur of +he Smallest vesistome in ciewd.




Find +he esuwivalint yesisdtance betwean A and
B ot the given cvawit.

Sol. Equ}vqlud' civewit ab Hhe given clvewt -

A

A 4 .._m,ww.__._b W
B
| SRR, |
n
I 30 )
Equuvalent vesiatance between € omd D o
Re» = _3X6€ + R = lo
346
Now in +he given %1 1o omd Bem arne M
parallel so ezquiv vematonca. of the 8,«ven Clveurt
s 0, G
qu = Jo X 30 I
]o + 30

\ Determme the CGwwvrent drown frm a 12v suppl
with intewnal reslstance 6.5 by the :followin-‘v_ ]
infinite nedwork ; each resibtor hos L resistonce .

ety 1 . e
_____ WAL ANAN- R v +
¢
[ 1A 1.1\.1 1 3 l:;l.n.
_____ ANV AMA WA AWM _
1S 1 - (W™

5ol et x be the equivalent yesistance of infmite neoork.



Since +Hhe mehonk G }ﬂb-in-l{’:_, —}:kuu..tuw o
acldlitien of e more umt of threa resistanus eath
°f Value. 1. cievoss 4he teyminals  will viet cha

Hhe dotal vesistance o nhoork  iee. tb showld Yeman <.

the nehaord eowlol appean @b shoun
M the aaw-n t\awu. amcl.fs tota) vealstance vemaim .

VAAA 5
4
12v

6-S

2

3

4

o
AAAA
WA -

Herne Hae poralldd Cembination % and Lo Ja in
Sexien with the +4wo vesistors of Lo each-
The Yesistanca otr parallel Combimation b —

1

L o=l opd o e
Rp x 1 ES
oy Rp = =
14X
Total veristavice ab Hre network wall be ?m \aa =
_ % _ .3
T = H‘l*ZTf = 7_+-——x“
x(x+1) = 2(X+D+ x
2T =

= WA+ L+ D

oY x*— 2% -2 = 06

ox x = 2 2[as8 . 2 i

2 2
2 B EIE

The volur of vesistance Com mot be mﬁd-ivc,ﬂ\m.bsm
the Yesistante of the medwork 4

% = |t{3 = 273 n



Total resstance ofr the nehoork = 2-73 4+ o5 = 3230
2. Cawwveend drawn T= -34% = 3.72 A

Calewlade the cwvant shown by +Hhe ammeter
A e a.qvm Civewat .

1o
o 1o
0 P
R
P—
FH=
12V
T The equavalimt civewit o) Fven nehwovk wd oA
given elow - A
B T fosn
X
1o 10
TIA ARG
loun
4t
v
The vesistance of Hie midelle oam s -
lo xlo loxlo
Io+10o le+ 10
= s “+ S = L0 g
Se Hae Eﬁ:c«Hve resistonee of the Civewit W -
i = L 4.1 42 = 32
R o lo 1o 1
so R = 1o _n
z
Cwveent Shown b\é ammeder T = -\é
T =X = sen



@ Telve. wives 2ach op yesiatance 352 are Comnected
€eE v fovm a cubical nehwork - A kodfeny of 1ov
20 . - ]
ond ne%al‘ble, intennal) vesstence A Connected
acvyoss e oboo-uﬂally opposite Coyners of Ha
retwork « Finel Fhe equivalint vesistance and the.
Cuyrensy cdn*na. each edge of the cube.

f,‘i"AH,,Lf;n KVL Fo +he ly 1 e c
Loop Aecc'eFa a4 5 1
3T +3x1 +31-10=0 A1 E.-."?w =1 ]

ST —4p i : 0 B ot
= = 0z *D 1 : %c 3
)
b ol — % A l.-/sr:; 2 L4
A 1 W B
Rag = M = 10KIS
3T 3BX20 m
F { E
ch: 2iSs C tov
Curvend = Tag (: Ipaa = Tap= Ipel = Ipd :Ic:D
= YA
=

and  Cuvverd = I pp (2 Tag! =Ty =I_D¢='IBC':Q(§)

:%A



Electricad Power

The vate at which electnc work iy olone by
the sounce of emf in meindaining Hhe cwrent in
electric clrewdt di callys] electrid power of Hhe
civeuit .

Electrical Powey = _ﬁ% = \.”‘_AA£3’_ ]

P = vl = 'R = % v 23R

Unit of electrical Powex 4 'Loatt’ l

L Wadt-

The power of an electrical civeuit 14 Baid 4o
be one walh lf e ompere cuwwmunt flows in .&aaa}th
a potentied difference of 1 volt.

Electrical Energy

The. dotal wovk olme jn ma}.v\j’aiv,ing Har Cumrent
N elkehric civewit by the sowce of emf is calles)
elechrical gy aawur\ Jo Hae ciyewit.
Electrical Enmgy = Elechrical Power x time
W = (VXI) x k
- 2 SR VAC
oY W = IRt = R

I thia work dene appeants as heat Hion amoundt
0§ heot produtes (H) givux by -

H:W:I’-gtr!—p}t

Above equabtion U Kmown as Jowle's law of heating.



Note -

L Killowatt-howr or one unit & +he elictrical
eneagy which Ja wsed im a circuit o) power 1k uwaf
!fU"r ene hour-

1 Killowatt houn

= 1000 wedl X 200 Sec.
1 Killowatt howr (Kwh)

3.6%x10¢ Jule

% In rechanics the unit of power id bhovse power’
(H-P)-

1 Horse Power (H-P)

= 746 Wakt*
Number ©f Units-

If M on eltchnical Civewit a Cument T i
Flowinmg o voltege Afox Hime + howns AHaan dotal
electyical LN)\_aj Cordumed ' the Civewit wnll be

W= Pxt = VI (Wet) x + (howns)

W= VIt Kilwatt-howr ( Onrt)

looo

Se that Number of Umts =

= Weabh X howr
{ooc®




Nichvorme amd Copper wives o}y Same Length emd
03‘5 same wodius ase Covnected in swe,s Cuvverd L
PN pq&sed through them. which wave gets heated
We move b4
ol Heod clisbipoded in a wive 44 ava.n by
H= 1Rt

P (imegt)

Here woolius A Aame  hence akea Ja Same.
Also CwWeent T omd lmg#a XL are Same.

o H e £
Bbd' Fhichrome > 'P‘-‘PM
So  that Hiichrome > Heopper




CELL

EMF- tme of o Cell U2 the masximum potential cliflerence
bedusean 4o elechtoles of the cell whan no Curvent
rawn t'mwa the Cell. Tt Ju cunoted bU E.

_]_:n‘l‘cvml Resistonce -

. Tvdevral vesistamce of a cell us olifined as Hre
ranistance  offeved loa He elechr emd  elechodes ob-
a cell Whan the elechic current fows through At

i;\.mrnl—fluw{mu of o Cell depends on Haw -foﬂowma
(i) Distance bewean +he elechndes

(i) Nadww, Concandration ond Aumperadure of elecholyte
([{) The noturc of Electrools.

(iv) Avea cf Elechudes, immersed n +he dwhdd«fz

Terminal Petential Diffevence -

Tevminod Potentiol olijterence ob a cell is dekned
as Hee Pottn,h'cd ifpernence berwean “the hwo el
of a cld in o closed civeuwit, whon cunand 4 chawn
tmm Hr celd. T 4 Aanoted bg V.

X The terminal potential clijfennc. of @ celd is dw«yﬁ
Lrs  than Hae emf ob' the cell becaunse He
Jﬁi ob potentiol acvess the inkeynal  resistonce of

cell.

V = E - 1Ly




EMF Potential Did-

ahbbf)u,n ”

V = E- 1y

Internal Resistance of a Cell in tevms o E, V& R

The 4ermimal potentiol cljjerence A 1
of a cell Ui equal do the —wa——
otential olifferonce Qcvvss the r & T
extexnal Teristanca R of the iy 7 1T
cveuwit , Se. %
v ARAA
I = v —
We Know that. Iy = E-V
So ¥ E oM B o
T V/R

Y = (%.-l)a

Noh‘{\t the hwme op ¢ 'na of a Celd Hae terminad
potemhal olifference. acvoss” the celd is

——"-{F’—-mm—
E
V= E+Ir T Y

ﬁ'l}:,




D;ﬁevenu between EMF. and Petential diﬁuenu

-~

~J

EMF

_Petential Difference

1. The emf of acel a3 Hee
maximum pofenhiod cliffevence
betwen the +wo  paints whw
the cell is in the open Civaut;

2. T+ W4 independent of the
resistonee of the civeuit omd

upon the nadure of
elechodesr omd o_l:d‘mla‘}:.ath\.

2. The term emé 4 wied only
for the Sownce of emf.

L The petential li pherence behwen
the two ponts 1 the difforonce
of potenhal behveen +hose tuo
points in a closed civewit.

. Tt deperds wpon the resittane
betwesn the L;!f-\o Po'mis of
the clvcwit and curvent ‘fleu'w%
thvough the civewit .

T+ o vusaswed betuwesn
any two points of the Civadt.

@ Plot a q:xph skowing the vesdodion ofy Vo \%
-,,cf\s:“’ wAH e Cuxrvyent olvawn +he. cell. How

Con ome T-forrnadivn
-Hnemfg-g}khecwavd;-}s

<o),

V = E - Iv
= E=V
¥ b
At 100 , V=E
whoun v=o T =l
= B
LA -
The indercepl on y-axis

Hromn Fhis plot about-
ivdernal vesistance.

V(ol)— m

I (ampere) ~—

ives the emf ol +the

ced . The slope of graph a—\ves +he irdeanal

vesiktance -



A vollmeten o} Yesistemce 298 2 it Conmected
ST ocvoss a Cell of emf 2V and ivdernal yesstane

D20 Pnd the pPotevdio) oliffenne acvoss e
Volimelen amd clso acvoss +he “enminals 0f +he
Cel). Estimeode Hie perwntage exvvor 1v1 Hie
Ycaalnmg ofy ¥he veltmeter.

Se. V= BTy o
998 XI = 2 -2T
looox T = 2

I = 0o002A 20

V = 0.002 x 998 ™
YV = 1,296V
AV = 2-1'996 = 0-004V
- Av
Percantoge Evior = LYoo

= _D';—""‘x]oo = O~2):

@ A (@) senwiss (b) Panalld Combinadion of oo

€ 8«'vm vasistors U4 Commectedl | one- byore acress
a cell. Tn which Case will the fexmmal potertial
ifhernce, acvoss the cell have a lvlaher value ?

Sel e Know Hhot eguivalint yesstence ok e
Combmetion ok  veastance ws- (@) g: dex thom
+he Uieo-'iﬁt Texstanw N Seried mbmc\%qn
oma (b) Smaller Hun the leasl valuL bb vesistance
n pq\o.lld ¢ ombmadion .«

The termna) potenbial difjerencs across
the cell us ;\;zm M Sewies Combamahin OA

V = E-Tv

omd duc o hightr yesistance cuvrent 1 a3 Jus
in sexied Combimahion .

s
=



) A cent :p emf§ g omd indermol vesstance ¥ 4

94“«"» Comnected acmss a vanioble resistor R. Plt a

»*" graph skoui-na the variahon of derminal potential
V with vesstenee R-

Sol- . .
2el Tevrmmal VbH-o.aev ud

ren by -
= = R Ef-—rmemmmm ———
\% IR (R-")x )
N7 E 5
0+ %)
D So V increased with the

increase of R.




Cells in Series Combination

Total em{ o} +he baﬂo_ra = NE  (Rr n cells)
Tota) internal vesistance of the lno\:Hg_,& = nr

Total resistemce ofy the Chyewit = nr4R
So Cuserd I = —E
nr +]

Cells in pavallel Combinahon

AAA.
WAV

Toted EMF of the battery = &  (For n cells)
Total intermal vesistance ot +he baﬂe_r# - Y/h

Totad  vedistemeo ob t+he Civewit = .5.\ + R
neE
So Cuwernd I = R+




@ The plot the variadim of petential ifference

W atvess  a bnahon of three jdunheal cells

5ot% N SerieA versws Cuwund A as Ahown in tvaurc_.
whad iy the emf of each cel ?

v
eV

T >

1A &

2ok Terminal Patenhal Ai&w-nu acwvoss the Celd
Covobmodtion Cen be 8,iwu\ ah -

by V = Eeq- I,
v =3E - I(3r)

When T=0o then vz 3E
o the Wh Whan T=0, V= &Valt
3E = 6Velt Henca em{ E = 2 Vot

Unden whad conolition wrill Hhe cunnent in a wive
g%f& be +he same when Cannected in Seaies a\?d N

Parallel ofy M idendical cells each having termnal

veatomee v and extennal resistance R P

Sol- Lot m iclentica) cell of imterom) vesistence r
Commected i senies ond parallel with externnal

yeslstance R.
I = neE QVTO, 1 = E = NE
= R +mnY = R-r.T',T Rn+7v
Acco-roUng Fo question I = Ip
NE = _nE
R4+nr RN +Y

R+mYy = Rn+7r




Nr-Y = RN -R
r(n-1) = R(n-1)
= R
So Hhe cuvrent will be Same , when mitenal vesiskmce
of cell ¥ is equal H0 extennal resistamce R,

1 Two Cells E; end E. n +the %)veﬂ C;ﬂ'.u:d:
TN clogrvamn have. an em sv ond 2v ond
209¢ deinal vesistante of 03 omd L2 mped-}wJ:}.

Colawlate the valus of cuwresdt jf«lowina. {—km.\a),\

Hhe vesistancr of 3.

‘ (e | =
5V, oan aWV,120

3
450 YV
R en
— AAA~
Netr emdf = 9-5 = 4V
Equivalind Tesistone of 5 ond 3o w2
- 6x3 : 2o

c+3
Net vesshomee Qevoss +he civewat
R = 03 % 12 +2 + 4

So  Cunrent 1=.§-=%=o-:A

Potevdiol difjerence acvoss (4.~5+1.5)_n_ A

v IR
\% oS X6 = 3 wit

J+ Potentiol cliffeunce  acress 65 ond B
= 4-3 = 1 Vet



Curpand ‘wa?k vesistance 3.0

U oo Vo e Ao o
I-R —-3—-033A

3 Two Cells o} emd E, ond Ep ond ivdeanal
8BS Tesistance ¥y omd Y, ane  comnected N pavalle).
Deorive the expression fox +he (i) EMF and

(1) inderna) resistance of equivalont cell.

_‘S,ol‘ E h A
| Eeq
A d 1l o
B n g I=li+l Ly
o W——

Led T, emd T, be +he cuvvents leaving +he pasihve
+erromals ofy the cells, dmd at the pointd B

Let V be t+he porential differnce betwezn poinds
A ord B o} the Cownbimadion , so

V= E-I% —@ [owoss +he cells])
crnd V = Ep-T,¥, — @
oo esuatiom ® .o ond @ e a,o}-

I = E-v) + (Ex-V)
¥ ¥-

2

E| 4+ E2 - v(—YL' +‘TI‘-L) —@

L1 LS

Fox +he equvalent Cell ,

v:Eq-qu
oE R BSeaE —




On Cempasing the equations @ and & we et

- S ! A
Yeq Y. Y2

iy
P

Ean: = B vy o - ¥
amd| "‘r% = 2 = Eeq = |_+ Yo

-{
<

|-

£
&k

'@ Two Cells of emfs LSV and 2V havi irekernal
6 resstemce 02 2 omd 03 1 respechv Qra
Connected] in poraliel . Colewlade the emf ondl
indernal yesistance Of Hhe equivalunt Cell.

Sol- Given Hhatr E,= 'SV, Ty = o245
€y, = 2Vv , Y3 = 0.30-
EMF of equivalunt cell

E - ¥ _EorEy

T oz @ o
%P
E = 1'Sx03 + 2x002 - 4.,
62 + 03
Irderna! vesistance of equivalunt Cel)
Asbid & e %
¥ % TN T+ Vo
v= Q2x03_ = 5420

c.2+ 03



@ A G-aﬂno‘.micg.l muellic Wwire J& sheiched Fo
Toe incresse  ats Jun ba {0 . Calewlode the percentage
> change in b resistamen -

Sel: Velume. ob Hhe are V=

Al
2 AV xiso
v

AA 4+ Al
= xiv0 T leo

B+ AV = o ( Volume vemams Constmd)

> AA xjon = - 84 xjo0
A X

Negative 2ign imply Hhad incveate in |
Cend

H
uchor would creode decrecse im w::a °t
L4 R = PL/A_
For a«‘vex\ remstor £ = Corstomt
Ap P (7~ % _ A
So =5 X 100 (__I_ x:n) (_A& wa)
Here %J_ x100 = 10 7
n\uu_tota AA xivo = =10 7
A
%E x1oo =l 4 —(-le %)
‘_ATJQ_ x100 = 26 /}

Fu.u.n}o\.ge; Rise °of vedigdance = 20 7.



| Kivehhoff's Law I
{1 K‘\rchkoﬂ's Curvent Law (KCL)

) . The olgebvic Sum of the Currenis me:ﬁna
at a jwnchon v & Closed clechrie Civewit s zewo.

Tesitimg  + Temesimg =0

T1 =o

Sign Cenvent on -

(1) The incommeg cwwreends
taken pos':k'we.

(2) The. o “"8 cwhends Qe Fom the junchon are
tokan ncao.h've-

towands the Junchon ane

By Kivehhoff's Cuwvend Law-

Ltly-L-Ty-Is=0

* kivchoff's cument Llaw supports law of Consevvaion

o_f a‘ﬁw. Ciju Cannot  accumulate af ajuncéion-
The number of clw.ge,s thal amuve at a junchon tn a
‘a.q'ven time. must leave in the same Zime in accovdance

with Consevvation of charges.

(2) Kivchhoff's Voltage Law ( kvi)

The af’qe,br;c Sum of all +the potential dvops and
emf's olong a 4 clased ,:nré in an elechical network is
onmé,}. zevn- ;

ZAv =o I



sian Conven tion-

@) The em{ a3 teken maml-‘ve when we travense from
positive  do negadive tevminal of the cell.

(2) The, em{ @ taken polfitive when we faverse fom
Maa,hve poritive tevminal ob— +he cell.

(3) Tk +he vesistoy .4 being traversed in the olirechion %
the cumunt then potentia¥ olijerence across Ut is taken
macdv've te. ~IR.

(4) Tf +he vesistor s bdna traversed n +the clivechon
i;pos}tc to the cunent then potential difjerence. across
IR .

, W3 taken positive [.e.

A B
£
D & =3

For Leop ABCA
l-Er" LR + (T)+Ta)R, =0 I

For Loop ACDA

—(Il-fI-._)R\_ - Iggs'f E‘= O]

* Kirchoff's Voltage Law (kvL) suppovrts the law of
Conseavation :;%enu.gta-




Tn +he a:lvfﬂ Civewst 5, ansurn point A 4o be at
,.\\3 zexo Pe{:enha.\ uie K-utln\—\ogs Laws 4o oudermme
the potential at peint a.

& D _ |=" B
1A 2 |
R 20 ?,
A p—
v c 2A

Ry kel ot point D
Toed L = 2

Zoc =L A
A—long_ +he  ACDEA
Va—~Va = +L +2x1 -2 = +1

Buw Va = 0 , Sz +had
V&: Lv

‘ U&na Kitchhoff's vwles in the given cirewit, Find

"“,;\ (a) the volioge ovop across the unknown vesistor R,
(B) the CuMz:?' I, the aqum EF.

3v 2
A‘__g__.‘._—.\MMF—H 8
O'5A

4 v
E“‘(T:‘l*—m—t—F

N 4

P e NN VNN il
R

Sol. . .
_Sel. App-laana, KVL in +he closed loop AsFeA
3 41 =2T, 44 =0
Ta = L A
So the CwWurnt I, 4n +the @fum E€EF s 1A .
Potemtal clvp acxss R , EF omof AB s Adme belause.
these are parnalled .
Se +hat Y

\4

VE-Vg = =4 + 2X1
2 Volt.

[T



Using Kircheff's vules , deteamine the valur of
P9 unknown ressiance R in the Civewit , So that Mo
> cumand  flows through 4 resistanes . Alse find
the potential e behsesn points A amd D.

Sol. Given 4hat no cument shawld flow  Fhvough 4
vesisfonce , So Lt Current I fows throw +he
Loar AFEDcRA .

53 afpiqvmg KVL in loop AFEBA -
-ixI -IxI ~-6c+3 = o0
So I = 2 p
- Je
Now applying Kvi in Lovp AFDCA -
= = = g o s
ix% 1253: Rx.i. 3 +9 (oY
Rx2 3
2z
So R = & 9N
For potential clibbomf\u. acvess pPoints A omd D,
aJmma, AFED -
Vo - Va4 = —.lxé - lx%_.

=-3V



@Sﬂ&uﬁ%{v;hediﬁy C.wmu\:m?h Hhe 2.5 wsidor

2
’_"A_{x 2
I
C2ouF :

&

AAANAN
v

14
|} Taean T

:5’01; No curvent flows »Hwougrh 4.0, vyeastor i sh
Stode. as Copacitey offerS infinite resistonce in D

Civeudt.

Here 2.0 omd 2 orxe in poralle] Cembinodion
So Ras = _2x3 = 124
2+3
So Equvaluind Resstance of the civewt w4
R.ﬂ = 12 + 2.8 = 4 .
se tetal Cuwvent I = _%- = 15A

ond Cwwaeni 'Hh‘blﬁk 2.0. vesstor Ji a»'wen by -

veaengdn v s ean



Wheatstone Bridge

It 42 oan ovongemant of Jown vesistors Used
3o cldermine. vemstanc ©of onme vesidtovs in Aerms  of
other Haveo  vesistors.

Consider the fwau)ﬂl given below , whith 4 an
anangement  of resittors and” da Known as wheatstone.
bridge..

l'E Ky

Wheatshome bvidee Corsist of foun veristance Pa,
Rand S, with o badléry ¢f emf E.

On pressing Key Ka if godvanometer does vot show
any deflechon then w stove B»—idﬂe 42 soud o be
anced .

Golvaviometey wid not show) omy, ab.tler.ﬁm Huin
meant thot ne Gt da j!ow;ng +Hwvo +he 3Ajw—
nometrer omd dexminal 8 end D ane od! +he sSame
potemtial -

Thus  for a balanced lon'c\je

Now we have to find +he (ondition for the balanced
wWheotstone bvidge - For  this by a-Ppla‘mj KvL v the lwp
ADBA -

"I\,R + 1|P =0



oy IIP = I.R ——@

Aaoim b? q.pplamg KVL do +he Jloop BecDB .

-L] + I,s =o
oY L& = 1,8 '_®

from  equation @amd@we_dd_

LI - R - s
1. P Q

R

Ov L = &

) Y
This eguation giver the Comdlibion for the loalanced
wheodstone bﬁelsae'_. g

Thad  if the rodio of the P omd @ omd +he ressime

R W3 Known then wikmown vesistance S Con ﬂM‘ll} be
Caleuladed .

Meter Btid&e

A slide wive byidee Ja a pyachea) m o
Wheatstone byvid 3 P 'fm b

Tt Corkisl of o wive AC of conitanian or
rmavganin  of L meder .Lma«fh and ok un'nﬁnm aua of
Cvoss - Sechon.




The toive Js Styetched behween +Hhe Copper ships
on o horizontal tocoden loand. A meter scale 4 alto
ﬁﬁed on the wooden boond poralld  do Hhe Lngtn of
he wave .

Thene @4 aGnather copper 4tnp fitted om +he wooden
board in orden Ap provide Ao gaps in ships. Across
one gap, a Awistance box Rond “in another gap the
Umknowm rvexsistonce S are Covnected.

A Jo & Com be slided om +he baidge wive.
One Fexminal of +the vanometer G 44 Comrected o Jokey
B ond the other 4o the tevmial D.

The podnl‘lve PolL O_f +he baﬁie‘r\} E J4 Covnected
do Fevminal A cmd the ne.aab'vc pole of the baﬁt\'}

Jo Fewminal C ‘H'\vmv/h K.n.a, K.

Working -
T lose key K amd take owb suitable vesishma
R P resistance box. Adjust the position of Jockué
on the wive (sau& at B)‘ whene. om P“s’i"}"“"
8ernnome)e.r shows “no dgbiechon. Note +ie | Ay
=L ) of the wive. Fnd the lcwa;h\ nc (=loo-4)

of the wive.
Now o +he \:’Adar. 4 balanced -(:hmtw&,c\ccovub‘n?_
Jo wWheodctome brielge principle -

E. = R

Q S
I} v Ja He reasiatoance v Centimeter (en ire
B e s o

P = resistance of +he [e-ra}‘fa L of wire AB = Lr

Q& = vesishance of +he ).uw&h (i00- L) of +he wire
a¢c = (loo -A)r

At e K
(loo-L)y S

oY oo - A
S= (—L——)*R

So by Know;ﬂg £ ond R we can calculate S,



#* Charactenishics  of marg_n‘m wire  hich maka ot
Switakle  Afor making standond  resistance -

() Low temperadiow Coefficient of vesistance
(&1D) H;aJ'\ Vadue oj m[sﬁv{{a ?f material C:fMa?qnm.

Calculode +he cusnend dvawn o the bodioa

Mo N the given nehwork.
Rs = 2.
R =lan [ 5.-5.:\. Ry:= 4.0 ]
R;A-:_.n.
.
=
4qv

Sel. The givcn civewit Con be redrawm as given beloo-

Heset Ry _ Rs
Rs Ry

> i .2
z =

wheatstme byidge s balanced
So these. will be no cCurrent
n the verislance R, omd

o can be. withdvawn .

The equivalent resistance would be equivalent 4o a

¢ Combmation of +wo vows which Consist of

Sexied Combinabion of R, and Rs ,ond R4 ond Ra .
e ok . | i ok

R 1+2 2+ 4 2

R = 2
X



@ In @ medern bridge +he null poind~ is found et

9,%\21 idlonce of 40 em from A. I & resistona
2 12 0 Ul Cemected n pan with 8, 4he 1
Po'm‘!: ottt at 50 Um fom A. Dotermine the value

oy R ands, A

ol A

T-n +he mnull peindt ceonditon +he bs—idsc_ 4 bolanced .
So b i the Conclition of balinced wheatsh
bs%dae,a G-PPJ-aAng_ f nice ne
£ 4 =42 _ = 2 3 R:-2
S oo =L leo ~-40 3 ) 3
The_equivalend vesistance of 12 ond s in pavalld]
7 - 128

T Tz +s

Aaain o-.fpl-yrmg, Hue condition

R =.s—°- = 1
128 ) =
12+5
1958
= 12 +8
or 2g 12 5 [—M R= 15]
3 12+ 5
12+s5 = I8
S = 6 N
= &- = -;-
R 35 3 X6
So R = 4 n



@ 'F-\% Shows Fwo cdiycwts each hqﬁ'ﬁ a gdwm&fex

cBE omd a batlery of 3V. Whon +Hhe venometey in
> each asmangement olo

mot show any dab—kc_-h'on,
obtainn +he voHo Ri .

1200
For balonced whesdstone bridge , 'vb no current
FHows Howough the galvenomeder,

4 =6 = 4%x2 - ¢cao
7, 5 > R, 5= 6
For amother Civewat
6 - R g, LS W
Tz _ea > = 1z
R -~ 6 > RBi=-3
—E&_ Ty 2 Ra 24

YOUR REAL STRENGTH COMES FROM
BEING THE BEST "YOU" YOU CAN BE.




Potentiometer

PotenHometer Ja an accunafe indhument used
do Compane emt/ of Cells , ™ ruwocuwre the emf of a
celt ov potemhial ‘cliffenenca between hwo poinds N an
elechical chvewit acc ety -

Pﬁndek-
potertiometer is bosed on +he principle that
Fof_!nﬁod dyop acvess any portiom :p +he wiie o
uniforym  Cpss - sechon (s PnPMHon 4o the of
portion of the wire when a Constant cuwnvunt

flows -t-hmu?b\ wire .
Construction 4 Working

A potentiometer  corsist of a4 Lom un?fwm rire.
of manganin  or Covstandan , Shrerched on ‘o wooden buard.
A met scade Wy fixed on the boased ponallel Jo +he
length of the wwe.

The Po“tnﬁomeﬁ’&\ aa provicled with a Jockua J
with +he hdp of which , the Comtoet can be mode af
ony point of the wive.

A boliery E b Connected acwwss A and B,
whith Sends +he cwmnent Hoough  the wire  Whidh Uy
Kept Coratant b} using A vheostet Ri.

Thia civcuik 4 calledd em auxillary  civewit-

K B
Rh ) les




fuﬂ:ose A omd P aatr the area of Cross-Section
o ’R&\bhvit} of the moateral of the wire then

R 'A‘f' R = PL
esidTance =

whane L = Lv.-na,ﬂ-\ of the wire.
If Cwwvunt T _-F'ow;'na through  the wive Hhenm by

chm's Law Vv = IR

Wheat V ud tHhe potential oliffenemca atross the wire

of,(ma%\ L, Hoes -

= TR = 1fPL = KL
¥ 3

(s -2

Hence poten tial clifference acvoss any poalion of
potentiometer wire s di.mcHa PmPov{-’:onaJ o imgﬁn
of the wire of that Po,\:ﬁov\.

* How K=Y L called potential @md.ient Le. the
foll of potental per umit ngﬂ« ofy the wnre.

-'Dcptn-lamﬂ 0}y Potevdbiod Greclient

b wla =Es - P _ IP
3'&"" K".l' A o

U) On cusrent (kxT)
GiY Ow Resistivity (K x#)
G On +he Tadling o wive (KA"{,}_}



SCM:P‘HV.I’H Ob' a Potentiometey -

SM-HvH-j oy a potevdiometer oliptnds om
the  poruactiod gradient (k). Lesmser +he potential
amd.iwd‘, Hahu. will be The Aw’.-h‘v',q.j oy the
potevkiometer.

Sersitivity o o l._j T

I} +ar potentol a'mau'e.«d- i less Huan Hae
bodomce. Aungty, om the potRmtiometer wWive 1A incyease.
and Hae Aungty Com be ™eabunesl with more acuragy.

IA 4 Hhe yveoson olur o which a A«ma_
vesittane, wive & used in potestiomeder.

b h behupen Hac
O L
applicol potesdiod olijferenct
anol balance L.ma%\ S
Slope. oy the ‘aruph = tang =.%_
= K ( Pebewtial Gradiend)




(A) Compavison of EMF's of two cells using
Potentiometer —

Pesifive tenminals of two cells of emfls g,
omel E;  (_whose emnf arne Fv be Compased ) are Conneched
to the Feammal A ond neaa.h'vL teouminals are  Connected

Jo jc»ckua Hwough a o oy Key Ka and aadwnmdtr-

E Ky
I, S v S -
Rh

o jot

| FETTTITI NTTNIEY ETRTTEN STTVERTY) PIVTNNNT ETTYTTTN AITTNTVEY AT |
=
€ T I 2

’
4

Ka

o Now key K W4 clased 4o establish a potential cifference
behoeen “the teaminals: A and B then by tlosing Key
Ko intvoduce cell of emf E, in +he circuit.

Now odlefeamine the wmull point J; with the hep o\@
Jockey . If +he muld point on fhe wivre s ot leng
L, f?om A then - -

E, KL

where K 3 the potential gradient of wive.

D S‘fmilalJy cedl ::i( emf €. i introduced in the cirewt
and ejam null point T, ds oletermined. If Length
of thu” null pent fromm A ds L then

Ey = Klg

Therefore , we get | Er _ L
E, L

Hence we can find the vokio g /g, -
* I‘P e emf of one cell U3 Known then the eng
o

v

other cell Can be Knowom cq,&\l}.



* A balance. point can not be obfined on the wive
16 +the j poienha.l olong +he potentiometfen
wive duw dviving cell 43 than the emf
oj the emf oj the “cell do be loalanced-

(8) Determination of inlernal vesistance of the cell
The cell wohose intermol vesistonce is te be

defermined s commected 1 the tenminal A of Hae
poterdiometer. ocross a vesistance box dhviugh a key Ka.

E, K
@ Lo

o

v Fivst close +he Key K ond ebtain +he null point.
led Ly be the Lma:rh of this null pemt frem
teaminal A then -

E = K (where 4,243)

D when K Ka 43 elosed , +he cell sends curent
Hhough v Ulonce box (R)-

Iﬁ Vv da the teaminal  potental liffevence ond nul|

peimt W obtalined ot lu?ﬂ‘\ I O Iﬁu.n -
V = ki, (whre 1, = AT.)
E .
Thus —
" v s 4




We know that #he (ndernal vetistance v o q.cw of

emf

E, when a mesistance

crcwit  Ja aa'ven bg..
Y =(.%_—1)R

R ia Cennected n

LL_L)a
2

Thus b Kv\oh:}hj the value of L ,L, end R, the
irdeanal  vealdtance ¥ oj He Cell can be defermmed.

Difference between veltmeter and potentiometer

|sn

Voltmeter

Potenhiometer

i.

Tts resistonce Ja L\,(?JA

but Hinite.

Tts vedistance Ju \nfiv\\{g

J T+ dvaws Seme current

fre Souncr of emd .

T+ deex mot &y ang_
current fxom the Source of emf.

3. T4s SeM.IHV.v}'a 2 low Its Se\’w'\"—;v'&y N k]a.k

4 | Tt S8 based on defleckion | Tt a4 bazed en nuld

| method . olefled%«m method .

5. | The pstenhial d ential cifference measured
measured b «:\'ﬂ.ﬁ (eser bH L equal Ho achal
Hhan the actual val value »




@ The Cwerent vy the primary Civerit o) o poterdio—
metey s 02f. If +he CvosS Sechon area of the
wire is 08 X5 ¢m omd its Yai&'tv'ﬁj Ja 40x16%am
then find the pofendial gracient .

Arsur: 0.3 Voo

The vaaatlion of potential fference Vv with
SheSe Length L in the case of two potentio metey P
ond B 44 Ahown N Fig- . which ofy +hese two
will Yyou pwelen v comparing Hhe emf +wo
p)d'vgm)wﬁ Celly emd Wh":l ? g °
Sol: for S'reodvz. Se,M')-Hv'lz or
accunacy o} potentiom y
the potentia) grodient X v
(slope of v-2 graph’) Show
be Smadl .
In +ne given h the
Slope % pos sfa:auu ooF a
Potentiometer G, hence we T—>
Shall prejen potentiometer @&,
for (omparing the emfs ojy



@, In a potentiometer the null point for the s
and Ey Conmectes in

b\w-,u cells of emf g
s M f alj:&‘bmp\o)oxdubnce_

a‘ manner
o 20 Cm. andd 300 Cm. fyom +he end A. Find
@) Ei[Ey omd (B) position of null peint for the

cell E,.
How Us the senditivity of a potentiometer incressed?
E R
{! %

e hotm-——ﬂ

I'I.o <m
o B
»—-1
£ E,
Sol  (a) Let +he potental groolient be k.
E E, - E, = Kxo (Cells ave Connetteo! m)
oppesite mMmanner
end E) + E4 = kx3ce Cells one Commectes)
( in s-FFuand mmanner
So thot EiF E2 _ kx 300 2,
E, - E, K x 120 z

Now “PP’L‘U Comr:onu’ldo ond olividendo -

(g, +6)) + (g, - €D 5+2
(Bi+&) - (E-€,) S-2
Seo %:- = ;3"
(b) Ea = %— E,
ov e,_%a, = K x12p
3 & = Kxl2o oY E, = kx2y0

Hente wnull point for €, 44 obtained at 210 tm.

* The sentitivity of petendiometer can be increased by
increasing e lungth of wive.



Q.1. In a Hydrogen atom, electron moves in an
orbit of radius 5 x 107" m with a speed of
2.2 x 10° m/s. Calculate the equivalent

current.
Solution: Current i = f.e= .
27zr
2.2x10°
T 2z x5x10" L eaLee

=1.12x 102 amp=1.12 mA.
Q.2. The current through a wire depends on time
as i =i, +at,where i, =104 and
a=4A/s- Find the charge that crossed

through a section of the wire in 10 seconds.

Solution: dg

i =i, +at ;but i=z

= dg = (i, + at)dt
=10 2o
q=qu=>q=|:iot+a’ :I
=0 2 0

= (10, +50) =300 coulomb

0.3. Consider a wire of length 4m and cross-
sectional area I mm? carrying a current of 2A.
If each cubic meter of the material contains
10% free electrons, find the average time taken
by an electron to cross the length of the wire.

Solution: i 2 ,

=% = e T10® x10°x1.6x10"°
=12.5 x 10* ms™!
Average time taken by an electron to cross the
length of wire
/ 4

% 125x107 S~ 3.2 10's




Q.4. For a circuit shown in fig. Find the value of

resistance R, and current I, flowing through
R, =10 P

+ ! £

T 50V §:Rl = 1002 =ER1

Solution : Q

If equivalent resistance of parallel

combination of R| and R, is R, then
R;R, _ 10R,

R;+R;, 10+R,

Vv
According to Ohm’s law, R= —

I
50 10R,
S =5 =
R=15=5Q= 0+ R, =R, =10Q2.

The current is equally divided into R, and R,,.
Hence L, = 5A.

Q5. Alamp of 100W works at 220 volts. What is

its resistance and current capacity ?
Solution :

Power of the lamp, P = 100W

Operating voltage, V=220V

Current capacity of the lamp,

P e D AR

v 220
Resistance ofthe lamp, R =—— = 2202 _ 4840
P 100

©6. A 100W — 220V bulb is connected to 110V

source. Calculate the power consumed by the
bulb.

Solution :

Power of the bulb, P = 100W
Operating voltage, V =200V



Q.7.

Resistance of the bulb, R = —=-—"—""—=484Q

Actual operating voltage, V=110V
Therefore, power consumed by the bulb,

pr = V2 _A10)2 oo

R 484

When a current drawn from a battery is 0.5A4,
its terminal potential difference is 20V and
when current drawn from it is 2.0A, the
terminal voltage reduces to 16 V. Find out the
e.m.f and internal resistance of the battery.

Solution: We know

os8.

V=E—Ir; 1=0.5A,V =20 Volt, we have

20=E-0.5r ... (i)
I=2A,V =16 Volt, we have
16=E—-2r ... (ii)
By solving (i) and (ii)

wegetE=213V,r=2.675Q.

An ideal battery passes a current of 5A through
a resistor. When it is connected to another
resistor of resistance of 10Q in parallel, the
current is 6A. Find the resistance of the first
resistor.

Solution: R, R, = 10Q
vV AN VAVAVA
S5AA By
1L 6A
1 r A
A%

Current through R, in the firstcase i, =5A
Current in the second case i, = 6A
Effective resistance in the second case



=&. VvV =LR, andv:[zﬁ
R, +R,; ? R, +R,
1.Rl=[2R1—R2 :1.:12L
R; +R, R, +R,
5=6x 10 => 5(R, +10) =60
R, +10

5R, +50=60,5R, =10 = R -'2-20Q

0.9. Solve for current values in figure.

i 8V, 1Q i
A—="—|+———<—F
B{'i' 12V, 1.5Q S “l:
—<—| ———<—E
Yi, i, Y
C WA — D
°0
Solution :
Applying Kirchhoff’s first law at the junction B we
have 1, iy =i, svesses (1)

Applying Kirchhoff’s second law to loop ABEFA
—-12+i,x1.5—-i,x1+8=0

1L Sd==a, 2)
From loop BCDEB
—((,x1.5)-(G,x9)+12=0

1.5, 491, =12 =  w 3)

onsolvingi, =—1A andi,= 1A

Q10. The length of a potentiometer wire is Im and
its resistance is 4Qy. A current of 5 mA is
Sflowing in it. An unknown source of e.m.f is
balanced on 40 cm length of this wire, then
Jind the e.m. f of the source.

Solution: x=1p=l§=5>;4=20mV

E=1x=0.40x20=8 mV




Q.11. A cell of e.m.f 2 volt and internal resistance
1.5Q) is connected to the ends of 1m long wire.
The resistance of wire is 0.5Q /m. Find the
value of potential gradient on the wire.

Solution:

IR _[ E )R_ 2x0.5

T R+7JL DS5+15 %3NV /m

Q.12. In a potentiometer experiment, when a battery
of em.f. 2V is included in the secondary
circuit, the balance point is 500cm. Find the
balancing length of the same end when a
cadmium cell of e.m.f. 1.018V is connected to
the secondary circuit.

Solution: Eoc?
E, _&
EZ £2
E, 1.018

x500 =254.5cm .




