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The brdnCh of Physics which deals

with the charges in wmotion is called
Current electricity .”

{3.

{ Electric Curren

66

Kote of Flow

of charge is called Curr%@ <z

| Let AQ@ charge Flows @% Cross  any Crossectionf

oF Wire in a 1 At . Then +the current

Flowing ‘\'hrouwe COﬂdUC't-Of' 1S
"\
| I S
M

émgege:

14

(1) When one coulomb  of charge
asses throu h, Qn crossection
of a wire is one second, cucrrent

1S one ampere , ”
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Current Flows due to +the € of Charge
_n‘ _

Carriers . S
: %@3
- N
1-—in B lectrolukes rge carriers are +ve

ond -—-ve io e.g, 7in., CuSo, Solution

charge carriers . ‘are. Cuf Qand’ Shsriiions. .

2- In Gases charge  carriers/ are electrons

and ions.

ln  psSemiconductors charge
carriers are  electrons  and  holes .

Current Direction

Conventional Current

The current due to
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'\Jne F‘OW OF‘ eC uivolent amount of oositive

charge IS called conventional current .

This current Flows From Q >oint ofF hiagher

potential to a  point  at  lower  potential as

1 it represented Q movement ofF positive

chorges. i

[t Flows from  +ve to  —ve

terminal of the botters through the
exter nal circuit .

©)
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Explanation %QSO

was  Found 4hot

cenductors 1Is due
to +the Fflow oR¥ o Chdrges 1. e

Note:

—_—

electrons.

Now It Ys PagcH convention to toke the

direction ot current Te which Qosiﬁve

charge Flows j.e, +he direction of conventional

current . S50, in circuit analysis wWe use
the direction of conventional current .

- Please visit for more data at: Www.pakKcity.org | T
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Electronic Current iy Q, I‘)
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"The  current due to ithe Flow

of negative charges (electrons) is called

electronic current. ”

It Flows From negot'i'v_e_
to positive terminal ofF __the bottery-

through an  external circuit.

—

Current through metollic génductor
_ o

oabilols ol -thrdkel meto\l@%@ conductors, the charge

Q)
'I‘.

=

0
carriers are b @ electrons .

Lo

T R e ——

In o metal.  valance electrons

are  not attached | to | individual atoms.

They are Free toliienovel about  within  the
body ofF +the qor_u_duci_;or . These  electrons are

called Free electrons .

Free electrons are in

random motion in a conduct

Qs shown In Fig .
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The speed ofF rondom\g moving . Pree
electrons depend  upon the temperature
of +he  conductor .

[ We toke  any
crossection of a metallic wire the number
of Free electrons passing through it From
M=t b SRR 5 (o3 -i's equal to +the aumber oF
Free electrons passing  through it from
right To left. So, the +total number of Free
electrons passing  through i Q@S - zero .

Hence the net charge 0&@\&: in the Wire
0o
= Zero . @@%

)

‘When _ batteryglis connected across the wire

When the ends @ of the
Wire are connected WwWith | g

battery , an  electric @ield

SOl UbL SOl Y e, Pt i o i

Wire as
Shown in F1g
F 3 B :
orce o seyE will act on  the |,
o
ree Slectrons ) Hense the Free electrons
wWill move In the direction of —E-
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Note that +the Force  experienced by the

Free electrons does not produce Q net.

acceleration  because electrons  Keep  on

colliding With the atoms oF the

i - = R

conductor .

———
-

They fransfer their energy to the lattice

e g [ i ——.
- %

atoms. Therefore the Free

a uniform velocity called

electrons acqulire !
Drift  Velocity i} |

Prifty Velocity :
The uniFo@;; velocity
©

CICICE uxrred b the electrons.{\“in  the  presence
A D f{,
oF electric Field oF e(elis r LS called

3

o _
@é&ﬁ%- Inthe direction of :E -

The  drifFt ve‘c}éff s of ~the order of 10 ma'l

(Few millimeter er second‘) :

Whereas

drift velocH:g :

The veloc‘i'{g " of ‘ the Free electrons

at  room temperature due 1o +heir

13

= motion ig Oeveral hundred Kilometers

second

thermal

el

)
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When __a constant potential

JIC Udldad al. Wwvww.Dcr V.Ul U
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difFfence is maintoined  across the ends
diffence . 15 wmaintoined. dCrosSe . .

af g danire it aproducegiou i et electric
Field E in the Wire, so a Steodg current
Flows Jr‘nrough the Wire .

13.2

“ When tTwo  conductors o{ difFereat M

potentials are Jjoined by a metallic wire

Sources of current

7

current wWill Elow through % wire . This
©)

current will continue to 68 fows Erom 5 FEk _
higher potential to +h$@%\ower potential until "
both are at the ﬁS_»f@‘ne ~ potential . After this

the current stop .to Flow. The current

]S~
through  the WNite  decreases from

Maximum

value to Zero .

| 2efinition of Scurce of Gurrent

In order to

have a constant current

through a conductor o source
of constant Qotenti0| ditkerence

Should: . _be'  matnta; Fig. 13.4 strent Buch
aintai g. 13.4 A source of current such as
| ned acro S S battery maintains a nearly constant

P . tential difference between ends of
the conductor.This is called sy a

BiVa - - Y\ =N B \ | \ ™
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Source ofF

energy °

current .
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{- Cells:

0 current converts  Some non -
such as  chemical energy ,
heat energy or solar

Sources

www.pakcity.org

Every source of

electrical energy

mechanical energy,

energy into electrical

%% pakcity.org 2

of Current:

They convert che: ical energy into
S |

electrical

energy Into

& So!or Cells:

2- Electric Generai'%g@

o

electrical

electrical

_Iﬁeg

INnto

= nm@@%.

_ﬂ-\ey

convert

electrical

convert mechanical

€nergy

They Lconvert - heat energy into

energg.

Sunlight directly

~energy .
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13.3 EffFects of Current
1) Heating . EFfect
) Magnetic Effect
3) Chemical EFffect

1) Heatin Effkect

Current Flows through a

Wire due to motion of tree

oF the metdl. 2 colliss Heating effect of.current is used in
A't ? %b\}CO"ISlOn electric kettie. |

h‘)eg lose Smnﬁ@ o “Hheir
Q\

InCreases the Kihetic
oF the atomsg. [t

| produces  heat in the wWire .
The heat H :

produced by +the Current [

the NIre of

resistance g

durmg a tfime
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Agglicoti’onS:

Hecﬂ:i’ng 'eFFec’c of current is

| used In
1) Elegtric LHeorers (i)  Electric Kkettles
: (iﬁ) loagters (iv) Electric iron etc

2)  Maognetic  EFfFect

When Current [ Flows +hrough
| @ Wire magnetic Field is

produced around ' it . The Oé\\gv\o

P> |
_ depends upon : é@ g
(1) The value of reent’™ B.ok |
1(11) The distance rom: the Wire. Bo(-l{-

The pattern of +he magnetic
Field Produced by kig(a) | ~ '
- A current carring  Fstraight wiire .

Fig b) @  current carring Single

Circular turn .

(C) a current carring Solenoid

| [S Shown in Fig (o), (b)

‘ and (Cc) res pectively .
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Applications:

1) - Magnetic efFfFect is  used in detection
and measurement off current .
2= All  the machines involving electric
1 motors alsc  use  the magnetic efFfFect

of current .

®

5% 010°A)19)ed Bxi-

emical

Electrolysis: @@
C : Y
ertain  ljc ,.;-1{:,_ conduct electricit

due to Ssome Chemica fi@r‘eoctions __thoat take
O = ——
place Within the e - {
e tnt [ mﬁ\\\(\o S‘tudg O this

rocess 1S Q

y as electrolysis .
€.g '

Dilute  Sulphuric—,Acid ' ‘solution EE S
_! _ and Copper Sulphate Solution” Cuy Dl
lhe " "chemjcal changes

produced in electrolysis

nature of +the

e T

iquid © and the  quantity  of
Current = Passing through the

Electro\gte:

S e S — e e o S Sl | T Y W

IS current elecfrolate :

WWW.DAak

@ Jic Udld dl. y.OIlU
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1~ Electrode:

- The material

wire or rod

leads the current

N

or

ok the elecfrolg'l'e

| 2- Anode :

The electrode

the  positive

o o CCI'H‘)Ode y
' The eletrode

\

Source (bcr\@
£ <>-~

| 4-\Voltameter :

&
negotive  te %iéol

+h

www.pakcity.org

e bForm of~

wWhich

plate

T

Nnto

or

out

s called electrode. !

connected

terminal

botterg 1S called

[S called

of

With
the

anode .

The wvesse| containin

the cCurrent

the

cathode .

TINO

electrodes  and

an

called “'a | voltametar

| o

*' E xplanation :

Consider electrolysis

oF copper sulphate CuSo, .The

Voltameter containsg dilute

both copper plates as

(RE o e b B 7 aw. SRR SN

solution

sShown

ofF -CUSO‘L . Anode and Cathode Qre

n

T — e, o e ——
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When CudQy is dissolved in woater,
it dissociates fe (Cuie i o g o O WU (o) -
When current passes Yarough  the voltameter
Cu™" ions move fowords the Cathode and
the following reaction take place.

++ '
Cu™ + 500" F~——=“-+ Cuso,

During  electrolysis Copper is continuously

deposited on the cathode  wihile

€qual  amount  oFf

an
i copper is  dissolved INn
L tHe 1 ' ‘
, Solution EFrom anode . SO, +he densitg

oF  copper Sulphate Solution remains

Unchanged .
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Flectroploting:

oF some expensive metal

( gold , silver) on an article o some chear

|| metal is called electroplating.

132 QHM'S LAW

£& 610 Apoxed R

Statement:
' Current ?lowfng S@Jrough a conductor
i1s directl Oroportional “__g; the botential
O ,
difFFerence ACroSs I1tS % ends brovided

e physical - state SBE - he conductor
S _

| remains constant
_ N

V e¢ |

b vAR= ConSth't ¥ |

Vo2 B X

FE= e

lhe constant of  proportionality R is called
Resfs’conce ~ ofF conductor .

e - iy ; . ....
F— = e L LSl he L

The volue. of R

depends upon the
(1) hature (i)

dimensions

(111 Physical State oF the  conductor .

Beer s el R R B E T 'm T Bmt = |



| diffFerence of . ne volt [
1 its ends .
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ce
The  opposition okFered  to
the Flow of chorge carriers bg the
conductor is called  resistance .

Reoson:

The OQQOSI‘Clon to  the motion  oF

electrons (s thei contlnuous collision
With  the atoms  oF the

Unit oF  resistance IS OHM .

OHM ' 2
o <) ‘
A conducTor hosﬁgé resrstonce of-

| W
~one ohm i Q CUI'T % >S OF

Q one ampere

Flows +hrouh o ( hen a Dotential

s aopplied QCross

The Symbol ofF ohm

[S £2. ( omega]
R =X
T
Calintl L e e s e e S
1 ompere MEEE '
R (ohm) = ( volts )
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Ohme Ond n"Ohmf h 0.  . =

A conductor s said to Obeg
Ohm's = Law , iF its resistance | K l
remains constant ond +the graph

between | \ | and | Lo l1s. ' @
straight line. Fig (1)
Ohmic :

A conductor which Strfcﬂg obeg S

ohm’s |aw 1S called Ohmic
| _ @’\dz 2
Non- Ohmic:

P corg or which does  not
OO\
obe ohm’s law Vs called non-ohmic . e.c

! B A
t (1) Filament oY a bulb

(1) A semiconductor diode

pakcity.org 9::

Apply Q certain
potential difFerence QACross the

- 1- Filoment ofF Q bulb

terminals  oFf

@  Filament lomp . Measure  +he current passing

through it. [F we repeat +he  measurements

Cor different  value  oF potential difference

~and  draw a graph between VvV and ' I "
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The graph is not a  straight

line  Fig(2) . It means that

Filoment is a non-ohmic device.

The  deviation oF
V-1 groph From the straight '

Fig(2)

line is due to +the increase in

the resistance of the Filament  with Temperature.

When the current passing  through the

Filament IS InCreased From® zero, the
. =
graph  is q stroight line é@% the intial

3
Stoge. As  the current 3%

=) {\\(
In  temper ' @nég
perature (s _very small . Hence the

Chonge 1N rwyge 1S negligible .
§ When He Current 1Ig

Further Increased! ;. the

Filoment continues to

rise of  temperature .
2- Semiconductor Diode:
\
Semiconductor diode s ¢
non=-ohmic - deyice . V=1 graph

IS sh - X ] 1
OWnN 4 q! F:g - F'lgure Shows that _

graph  is not g Straight  line, so, a

Semicond uctor diode ig Q non-ohmic device .

YTTY\'Y.-' V.Ul U
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Combinotion  of  Resistors

www.pakcity.org

1-Series = Combination: ] Ry R, Rs |
T T e e AN S NS A,
Re- = K. -+, R.

When the resistors Qre connected end +to

end such +that +the gsame amount of cCurrent T

passes +Hrough all  ofF them

d (1)

they are sard

1o ibe connected In  series.
The equivalent resistance  Re s
e
v ©
&
Re = R1 A5 Rz +§?\’+“'“-
_ J
The equivalent @eSIS'tonce increases.
. ® | O |
1 R 1S QW thaa  the  greatest resistance
in series. -
(1i1) Current l =.Same /Iyl resistors .

(1v) Potential difference W= 1R divides

]

Ocordin9 to Hhe values

Rai etc .

2 - Parallel Co‘mbinoti’on'

When the resistors are

connected side -by-side

WWW.DAaFr

of resistances

l4——~— --V = Same- ——-

|
|
L, R
|
i
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With  their ends Joined  together , They are

SC]id to be connected 1N poro{le\ !

Their  eqguivalent resistance Re is
1 — 1 ~+- 1 e 1 4+ 2000 o o
Re RI Rz Rg
| (1) Potential difference v = same  across

all the resistors.

(ii) C BEan AR
urrent I = & divides according to  the
Values oF resistances.

s |

(111) The equivalent resistonqﬁo@& decreases.

| (iv i ' IStONG A
_ (IV) The equilant resis %?é IS  smaller +then
the ‘ «%
_ Smallest  registance connected in
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Formula:
At constant temperature , resistance
of a  conductor depends upon Following
Factors:

i- Resistonce is directly proportional to its

length

2 - Resistance is Inversely proportional to  its

areaq of crossection .

¥ gepenga . sonis Ha »ndture - 68° e material.

R o« L @Q@é\
1 S
R X —- 0%% '
%©
Combining %>
3
rﬁij@ A
M -
KNS or P = -BL—A-
Unit:
_RA ' ohmxm?
Pt \ = = ohmxm (Qm)
Unit  of  resistivit IS ohm-meter

JifFerence

between 1e 3] ce'

Resistivityl

Resi . ‘ .
IStance 1 the characteristic o @

articular Wire , Wwhereasg He resistivity
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IS the

Which e WI T

o

\C)n
Ca =

©

21
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 —— g - - e — i — — —— — o e ot g ———

oropertt o  the material of

e, 1S made .

Dependance  oF

resistivite

on temoperalure:

of a  wmaterial depends upon

The resistance of a

Resistivity P
[ts temperature .
materiagl

electrons

Is due to colliston @\ o+ Free
&,

Wﬁh ~ the atoms i

He temperature

he amplitude

inCreases . So +the

electrons

We can

torget. Hence

increqQses.

With-
SOg

?

Fxperimentaly it

= neorlg

e Wide

above and

oF resistance o

linea

range

tHhe

below

of

\\

\\

X j'i-he lattice . As

conductor rises ,

ofF roHon of +he atoms

1§
AONgeS

Vibrating

ofF collision of Free

atoms also increases

that the atems  oFFer  bigger

resistance ok +the conductor

is Found that +the chonge '

F a metallic wire ( conduclor )

r ( stroight

"V

line  graph ) over

W.paKCIty.org () Mram—.
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oLt

P

ELQQ& Rt — Ro
_ Kot

ks R, = Resistance of the conductor at OC
i; Rt = Resistance of the conductor at t°C
l ; Re — R, = Change in cresistance
‘ - ERe = Fiae In  temperature

Ex perimentaly

i Rt o2 l:\>r::> X Ro

}‘f R, — Ro x + @

f 5 G2

. Combining SR o©

b
| P
| Re = R,
Rot
1 '
H‘E | - = Rt B Ro
vy AT
¥ z IR
B A = Temperature _ Coefficient of Resistivity
Definitio of :
B e
| 2 i .
| froctional  change  in

. resistance ber  Kelvip IS  called temperature
| |




www.pakcity.org € 23 B www.pakcity.org

Unit of tfemperature coeficient ok resistance
- |
1S K .
q . Rt Ty Ro s ,-th: o 3y 1 K""’
K.t Oohm x K K
As resistivity depends upon  temperature and
res1stivity IS directly proportional to  resistance,
e can express the  equation (1) n terms
resfstivitg
Here
¢
e e
Unit:
Q.h—ﬁT X )T( X K | Substance p{ﬁm) a(K”)
Silver’ 152 x 107
’ Sy Copper 1.54 x 10™ | 0.00390
- Positive Temeroture CoFFxcfent | Gold 2.27 x10° | 0.00340
3 Aluminum | 263 x10° | 0.00390
When  the  registance of o - ' e~
.\ Tungsten | 500 x10™ | 0.00460
aterial Inceases WIth ron | 11.00 x 10| 0.00520
1 . Platinum 11.00 x 10 pp_520_ |
rise of tem erOtU e CL | 1S | Constanton 49.00 x 10°| 0.00001 h
| positive . ‘ e e 0.00091 | N
' Nichrome 0.00020 1
Carbon 1 -0.0005 |
Germanium - -0.05

Silicon

L [ = Bt B
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2 - Netive lemperature CoefFficient:

There are Some

substance  like Germanium , oilicon  etc, |
Whose resistance  decreases with Increase |
i

in tempercture . They = have negative temperature |

coefficient .

a IS negative

.. _ _, . " -
& B T e e e R
- W . + - EEEE -

Conductance: |
73 4

Reciprocal of resistance is called §

O
Conductance. * @Q -
- &

60

o E

1

- - il iy T T — i —— i | W gy &
- o .

NS
t oF Conductan ._:_:

=N\ 1 1 —
—=— or-ohm or wmho or geimen.}

pd

Conductivitg :

13 4

Reciprocal | of iresistivity is called |
conduct'iv.itg.” -

Conductivity ! :j

Resistivity

Unit: Sl-unit oF Conductivity 1S i

]
Ohm‘xm

R e
= ohm m = mho m

0 L

- W W, JARCITY.UTC
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13.6 Colour LOL
Carbon resistances are most
common in electric equipments.
They <consist of high grade
ceramic rod  or cone (called
substrate ) on which a +hin
resistive  Film of carbon is
deposited.

The numerical
value - of +the resistonce is _
Indicated by a colour @@";& =
It consists of A bea@ of
diffFerent colours r?tec\ on
e ipody Lial resistor:.
It is given in e [ toble.
Usually code consists’ of
4 - Balls . . I '
otarting  From Léf’c to
Right .The colour bands
ace - exploined” g Folloms.

JI THIVIC Udlda C

www.pakcity.org

- - -

carbon _resjstances

No. o Og

‘Table 15.2 ‘Tﬁe:’ Colour COde‘;

Value
Colouf |
Black | 0
e . ——— W
Brown 1
et N
Red ' 2
~ — m | - 4)‘
Orange 3
ﬁ T ]
| Yellow 4
| Green T S
Blue | 6 ‘1
. I e b
Violet 7
poe - b T
| Gray | 8 ‘
Tt H e, g :
| White G
-t - 38 .

Sicich S 5

Silver + 10 %

Kesistor Colour Code

R = 270002 (+10% )
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It Tadicotes .. Hhe. - Bicgt digit

www.pakcity.org

Flirst band ¢

in the  numerical value of the resistance .
e.g: Red =2
Second band:
[t gives the Second digit
egu Violetti="17 .
Third band:
' It is decimal %@E@)ﬁer -
(© _
fe: [t givesg@f_ number = of zeros
N
after th @‘)%frst Two digits .
< \é
850 & 6ronge = 000

Fourth band: \@&y

It ~gives = resistance  tolerance.
It 1s. (either Silver or "Gold ¥
Silver = %107 3 Gold = +5 /

} [F_no Fourth bond:
] ; Tolerance  is understood to
be +20% .

The value oF resistance

B e e 5 i e = .

Br= 2Za00 0510 %

2 e T
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Tble rance:

Tolerance means the possible

variation  from the  marked value .

For example Q 1000 ). resistor With ®
| Tolerance oF +10% will have an actual
x resistance anywhere  between qo0 <
| ond 1100 Q .

-5 pakcity.org ¥

EHEOSTAT

— o __ . Wire . Wound _1@'- resistance.
& .
@%

Construction: Q@ﬁ& e _
R < é\/; ~ a’ |
[t sists =

oF a high resistance A . ,E B
lJ' ! Nire ) NOUnd aver an ReSIStonce‘ Wire ’i‘;ﬁ“ . ‘

Insulating  cylinder) The ends b -(Fi 1)A Rheostat

oF +the WIirfe qre connectEd | =

to . TNO leed terrnmols *LN\/\/\/\/\/\/\/\/\/\/\J

A and B A thicd 1'erm1no| 0
IS attached +, O

B e ia e
s\fd't’ng ‘ Fig (1) resistor

i . e . e e R l———. I e . T ———— —

can  be  moved over

the wire .

C
v

D

4§
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(1) Variable Resistor

(17) Potential Divider

Variable Resistor:

A rheostat acts @ I BN o

1l

variable resistor when Jcerfm'i'nol A and the

I
o

sliding terminal C  ore conneted in a circuit. | 1
Fig (i1) in this way +the resistance ofF wire
between A and @ 1S 5@@ T G IS
. O .
Y n Qf\o :
moved away  fFrom A |, @?@gv resistance In
J 0 n
the circult increose(sgg\ggond i C 1Is wmoved
QO
A , the g}t%nce between A and

& decreases @

4|

Towards

Potential Divider: ; A
o
The'“Cl'@recuit W S e
' r 2 = 1 Y Kk | out
cm— '- O
shown 1in +the Figure 1is called - I R
_ | 5 Vsc
° o © |
potential divider. - | S
' S
Y
©

Battery  supplies a potential

use of rheostat Qs

"

difFerence Vv QCI oss the ends potential divider

u W \ \\

A and B of the rheostat.

Dlease VISt 10T THOTE aata at: WWW.DaKCILY.0rC
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R = Resistance ofF +the wire AB . Cuccent

o

through it Is

Ve = Potentiql difference between the

portion BC  of +the wire

VBC =Ir :-\é/-r ::—R{—-v
T
Voo = £V &
O

Here = resistance “‘

= ofF ' |
P o C%&g\fbn BC of the Wwire.
ol Stclcountl “idives. <ot QS ES

(B and C)

output  terminals

potential  diffFerence

depends. _upon . W positiont “of  +he. sliding
| contact C
Leaic A5 the SHdi’ng contact "C “ 1S

- moved
towards Meench ¥AR 0oVl |

ey decireoses :
2 ‘ [& C  is moyed Towards fhe end A the

output voltage Vae Increases

% pakcity.org

E)o'
..0‘4 -_
(O)

Y JYa

— N EESSsaeees i ——
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£c
A thermistor s a

heat Sensitive eSO,

Most ofF the
thermistors  have  negotive  temperature coefficient
oF resistance . 1.e the resistance of such

thermistors decrease when  their  temperature

~1s  increased. Thermistors With positive
e a(c o
temperature coefFicient are éﬂ/@ available -
< 1
o
Qf@
Fabricotion f
A\ A\
O°

' Semiconductor ceramic

| made From  mixture

metallic axides ofF

manganese , nickle , cobalt, Thermistors ofF diFFerent shopes

copper , fron etc. ' -
They are  pressed into desired  shapes
and then baked at high temperotur‘e :

DifFfFerent 'l:gpes of thermistors. OEE

1
RS NS S i s e it L2 B
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H 31 B

Q

Shown in Fig . They may be in the Form

of beads () rods or wWashers.

Note:
Thermistors ~ with  high  temperature
CoefFfFicient ofF resistance are very accurate
} For measuring low femperature especially
] near 10K .

AEBlicoﬁons:

Thermistors are used Qs
% Temperature Sen@@g.
§ They convert Changes g&ﬁv\o@emperoture INto
.. S
electrical voltage or %@ctricol Signals .
A |

§?

13.8  Electrical . Power ~ Powe

A e

Dissipation

o

1N resistors

Debinition:

Ty

The Cate kcitolr supply of electrical
=Dergl. o O fhe . baftery (S

called electrical power of the
battery.”

Exgbnoﬂon: _
Consider g bo‘cf.erg e IS




- Battery is  continuously supplying  energy or

&
- By  deftinition N
. d\ogw

www.pakcity.org g 3?2 Qe www.pakcity.org

connected in  series With | A
a resistance K. :i l
LU S
V = Steady potential ditfFerence i
between the terminals A,B E

of the resistor R.

| = Steady current Flowing through K.

doing. Work AW In lifting 3 Qrges. — AG - Up
through the  potential d@\?ence V.

Work done .= AN = V X AQ

®.

%% 010°A)10)ed Fi-

Electrical Power = JE0€884o2YPPlied

Time taken
= AN

At

ViRl 5 o o B g
= el e = VR VX1

Electrical Power
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(
Qa

05

By He law of conservation of Energy

power supplied by battery = power dissipated in the

resistor R .

Vi

|
-
|

power dissipated

1) As

—

B10°Aj1o%ed

IS expressed 1e volts .




- ————— — — g

e

www.pakcity.org o 34 . www.pakcity.org
I (S expressed N amperes .
P | IS expressed n watts .
P =Vl

L 'V\]O Volt X ampere ]

Electromotive  Force (EMF) and Pcten‘ti\

diffFerence:
E'lec‘c[omoti've ' Force: \\O© 2
e % ()

supplied  to

iIS called

Exglcno{:?on:

' When G  Source of electrfcdl
Cheroy. .- (awesl . orasai haiteng) S8 connarted
QCross a resistor. It maintains a  steody
Current through the circuit . This - continuosiy
- Supplies en.ergs wWhich 1S continuousiy

di ssipatted N the resistor R oF the

&
m"- — : TV Y
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Suppose AQ  charge  posses
through any Crossection of +the circuit

| n te time Nt hrs Chorge enters the

| , .ceﬂ at its low  potential end and leaves
! ot Its higher potential end . The source

1 Supply energy AW To the  positive charge
Lo fFaree it ol L Sdostato dhe . potnt.ooob . high

potential .

So, +the  amount oF energy Q@Upplied 37
unit  charge by the cello s called embk E
. PN inecim et
gl SIhe L SoMTcel; @%
N

_ > AW
@“‘@3 o~
SI_ Unit  of & el -, <Vivolt |
{volt = wldoule~, T

1 Coulomb ' V. =S4dC

The energy supplied by te cell to the

charge COrtiersS e SCOMes <@ krnm s Wt

conversion

energg | Into electri’:’co! energg 1
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Force . It is just like potentlol difFfFerence.

Hence its unit 1S Volt .

Cell

Resistance r\. o ne

Internal

(T2 ;
The resistance due to the resence of

electrolyte between the two electrodes of

the cell is caled the Iinternal resistance

of the cell. ™

O

It s denoted by r .O%ﬁ\o

3
A5
_f-:g e

5
B potential dif Ference

 between +the terminals ToF the cell or batter

- C

v =18

©

When T R |- supplying curcent to the

external Circuits

between _ EV = __ond Terminal

sotential  difference 'V

Relation

Now Wwe discuss

the  performance of a  cell of emf E

~lease VISIT Tor more data at. WWW.PaKCITY.OTC
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In the presence  of Internal

resistonce r . See Fig -
A  voltmeter ofF infinite

resistance measures the

potential dikFFerence across

the external  resistance R or

the potential difFerence VvV  across the
terminals ob o dhe Ziicell.
Current Flowing through the circuit 1S ~
l S iy <o f o
S R e
Sl S ) f
Here R+r = Net resi \ﬁée '
s '
E R +r )

IK +1r
IR =V is terminal potential ditFerence ceH,'
when ¢urrent L, 15 Flowing ‘In  the circuit.§
E = V +lc
Yo E—Ir
'; - pakcity.org 2
' Cose—-l: L

When SWItch S s open, no current
PAOsSes  through  +he

- - = —— S —
= o ——— e — e ————— . ——— e e R S e

resistance 1=0 .

1% rF -9 A F- % N r = N -



i o SR 7 hgae b o ey e g0 ol g = T A A b D T
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V= E-0

| v= € |

So,

Votmeter reads the emfl E as terminal

voltage .

Case-2:

When  switch § i's@@closed (on)

Current 1 pPUSSeS f\o@r\rough the circuit.
S
| :%

- WE

Hence

The terminal voltgge' ~V  In  the

resence o dagesthaV%t/ 18 less than

emf F b a amount Ir .

[t meons +that otential ofF +the batter
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Interpretation “quation 2 +Ir  on
the bases of energy conservation:
As E = IR +Ir

Multiply by 1

[E. = IR =+ [%p

IE = Power supplied by +the source of emfF FE.
[E = Energy delivered per second by the source.

a\é@
2 - ' |
' R = Power dissipated iné@ resistance R

.Y
\"\
N

p
IR = E iss] e '
nergy dISSIPO'IZedé@@e[‘ Ssecond in resistance R

[l = Ener disg |
| 9y Wgted R secongd in . +ha
. internal “fesistance r

g \inside  the cell .
So

Power delivered. by botterg

1 Wi BEat Power

= Power dissipated

dissipated in r jnside Source .

With the Law oF

%3 pakcity.org s

my
alaWa Lot WY IRVVIVIVYES
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-
Note that: L —
i) EMF E 1is +the C(Couse and EMF of cell

potential ditterence 1s the Lt
EFFect . V=g
jan) The emf E is alwoys present
even no current is drawn

through  the  batter 5 =

(111) But +the potential diffFerence

V =Terminal Poteﬁ'tiaj
difference

V. across the conductor ig
&

zero, When Nno  Current ©
O%{:{J | Circuit 15 closed

Flows  +hrough it . @
e

ronwer-—Quipe

‘ When Current | Flows through

the  resistance R , charges Flow

potential energy .

Please visit for more data at—www-pake
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0% 41 Co

a & g - . - e
- AN 3 - . "
— o . i, iy i - "l v iy | . = - 4 . &

e

[ Vv _is potential difFerence  across R,

the loss  of  potential energy per second
( power 1S VI.

fhis loss of energy per

SeCond. . _appearsi iin . the " other. . Forme: of

energy and is  Known @ OS power delivered
to R by GHEre afE

Power delivered SR e 2l

O

5 Bio'Ay10xed s

- P e b — = - 1 — mEE B
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denominater

minimum (least)

When R .=F (R=-r=0) +the
of the expression o] i 0, - SV is
So Pt then 1S Maoximum .
Max P = —-—————-———-—EZR — ———E-zﬁ
: out O +4Rr 4_/Rr

Kesult: @@
NO.
Maximum ow \O IS
resistance _g.,_'» when

delivered to

the internal

©a
resistance _: g@ the SOLIECE r IS
ﬂ‘

- equal @}ﬂ the® load

EiAQ o, Il R1 ANE) Ez N\ QHl— IRzAQ

- by AQ
¢, —IR, —E,-1R, =0

resistance R. (R=r).

= 0

Thic is kicchhoFF 's ond  Rule

it gtates +thot

T3

potential changes fFor a

s - zero.”

and

" The algebraic  sum  ofF

- complete circuit
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Note:
_This rule  varifFies the |aw of
conservation of energy in electrical |
problems . | ' 1

— *LG_-_ - = e

Bules For Ffinding +the  potentiol changes:

(f) [ source of emf 1S traversed (LQP{L'/é) From §

negative  to  positive terminal , the po tential

Chonge. 15, “poaitive ik . - Ic ©hegotive  in
the opposite direction. <>© .
6

A\
&

Wha s | EoasEr e 49" traversed in e
&

direction of Pregl ,“she  change 16 e
potential : negotive ,.. it 1S apposite
in ~ opposite . “direction.

While Usi'ng the KirchhofF g rulesg For
solving +the problems It will be‘ helpful
to Follow  +he method given below .

| 1~ Draow the circuit dia gram .

Please visit for more data at: www.pakKcity.org
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The
that

2 - choice

each

least  once

Assume Q
All the
the

loop

Same

Clock wise or

Write
The

the

voltage

traversed

Solve thege

quontfties :

- Wheatstone

Wheataian:

{0 B X AR

sense . It

Ioop

change @gg@é’cross

IS Positive@@mversed
high  potenti Qg TIteNe
nig P 3§ |

From

www.pakcity.org

—c{ 4-4- P

of should be

such

at

loops

- resistance 1S Included

N the

. selected loops .

loop current in each loop,

currents should be in

may be either

anti-clockwise .

<«

For all

equ% n the (ooPS

any component

trom oW to

negotive  IF

to potential.

lowW

high

eguations For unknown

Q

.?:-;; B‘O'M!oxed -.:-

Bridqge

@

bridge R S o TRt iU ol o U |y AR e~ 0, < U

ofF resistances

Four

CEOMSISTS
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R, ,R, , Rs ,RB,s -lhey . are

points “ B“ and D

s Qg\@é’% current

When the switch
Wil Elow  through

We consider three

.. <©
We assume f@%@@
I1 , Iz and | in  +he

@%

PS

g.
B0 4‘5 -

www.pakcity.org

connected In such a way

the circuit Forms '@

Mesh (&) ABCDA .

A  bottery is connected

between the  points ‘A and
B sl - galvono meter ot resistance > FEREEE i S
Kq s connected between +he

alvonometer .

ABDA , BCDA , ACDA .

locKk wiise loop = currents

respective loops _

. Rule to

Apply  kirchhofF s

I__Loop ABDA:

ik R ( Ii'—

2 - I_OO_E_ BCDB:

R, - (124,

Iz)Rs '"'(t

"(I

—I)

1
1O
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The current ~lowing through the galvanometer

WwWill be zero, IF

i

I n
1

(II—I-Z)::O or IIZIZ (11—].1)*—-‘0

Put In equations (1) and (2)

g
(’.
t
Equation (1) |
|
!

_11R1 — (O)Rg e (11“13)83 — O

—I1 Ky - (Il i Ifa ) Ry . =.0
&2
=Rz c= ([ 13)0@0 (3) |
S\ e ;

€

Equation (2) ®@

&
_IZRZ ﬁ?—l?’)[_{"— _(O)Rg = O
5

I K, “(\2“13)R4 = O
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o

Whenever this condition IS satisfFied ,

no current Flows  through the galvanometer

and it shows:

No DeFlection or Zero Deflection ( Null Point )

B adjusting™” the Kknown values of R,
B s R, .. such thot  +the galvanometer shows
no current Hen unknown resistance

H, = X  can be . .. Found “

2% pakcity.org 8 *
| An _ instrument

which can (1) measure and (i1) compare

otential diFference accuratel

potentiometer . »

is  called
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st

Potentiometer Is one oF the moSt accCurate

methods For measuring potential .

Exg!ono;i’on:

A  voltmeter measures potentiol
difference QCCross Q resistor. It cannot

measure voltage accCurately because it

draws Some current ~trom Hhe CLECLLT

An 1deal Voltmeter  has an: 'ani'ﬂn'fte

ﬁ. 2 ’
fesistance , So  that it could. ‘ot draw current .
RS '

The = digital Voltmeter. . (Cond Cathode Ray
| “‘ i
Oscilloscope  (CRO)«<¢€an  measure accurate
S R e ‘
potential  diffkerence  because they g ot
: R
~draw any QCédurrer‘rt From the: “circuit:
because oF their large resistonce . But  these
Instruments are .. verg expensive and  are

diffFicult to  use.

A ver simple instument

Which can measure and compare otential
diFfFerence occurotelg 1S ' Q potentiometer .

[t draws  no current From the circuit .

-
» o g I - b 3
— @ Al cAl.

WWW.DAKCITV.OIC
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—E 4q | o

Constuction:

A potentometer — NNV
consists of @ resistor R

in the Form oF a Wwire

o

on which a terminal C e

can slide . Fig (a)

> The resistance between AH o1 R can
be Chonged  From

: e ﬁo
I e == g botterg ofb M}g@ﬁv E s connected

QCross R . Fig (b) @@én current =lowing
S

> JF r = resistance between .A" and ‘C | :

_then the potential difFkerence between A
el i e 1
Vg skt
%c - "'E" i o




w careopWFESEL T B R

IS connected between ”A" anad

the sliding contoct C through a

The positive terminal of Ex

www.pakcity.org www.pakcity.org

Q

90

Qr o

Working: e
Aeii .G s movVv ed From 'Au to | B",
r varies From Zero to R aond the I

potential: drop. . between = A and -C changes

From 2ero to B . This arrangement IS Known |

as potentiol  divider .

The arrongement oF poter&gi@ divider can

O
be used to  mea Sure%%%we unknown emfF E.]

of a source (cell )@%@@éing the  Circuit

"".-h""h

Shown N F&@J.@ _
| & A Source 2

of potenf?ol difFerence  whose

ek E, is to be 'meéasured

galvanometer.

and positive terminal ofF the potential divider

are connected to the




5 -.LI__II_-\_A__A_.._.'_....___....—. == SNy T g T S A U S v — b —
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O '
Oy 51 O

The sl'idi'ng contact | C | IS SO odjusted
thot  galvanometer Shows no deplection. 1t
means no Ccurrent Wil Flow through e
golvonometer . Under this condition , the point
C oand +the negative  terminal o} 2% 0 SR T

be at the same  potential.

At this stage, the emF E, oF the cell

Is equal to +he potential difFerence

between A and C O
)
O
: o@?
=i X sl
x AC (1
T )
. 40
As the resW&e 15 proportional +to +he
length of  wire
9 ol -
_paRd
R «x L
% (3)

Put | the equations (2) , (3) | BloiCh
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— - - - e - _—
- — —— e - | —— i — i . Y e —

= Total length of the Wire AB

= Jength of the Wire between ‘A and C -

the wvalues (, L , E@@@\

_ B
B sean - rbe Foue@@

@@

(NO

“The UfnKknown e i\ E . Should not

|
1
Kno wing
So
1 Note:
exceed FE
condition
B & E
To

B e ey WL SE =L o - e B T T e T

value , other wise the null

will | not be obtained .

: E, 7 E

Compare . EMF s . F, ond E. of twe

method  For measuring

Q cell can be used
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to - compare the ‘emF S E, ang Cz .. of

two  cells. The balancing lengths Y aond (,
are Found Seperately For +the Two cells.
Then

l
| 2 =ET__L
e

B g

Result:

Ratio  oF l\-he | emF,S 1S equal ’Cp

the ratio of balancin len H‘:S-
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13.1

13.4
13.3

13.4
13.5

13.6

13.7
13.8

139

" Red
| Gold

(54)
Answers of the Short Questions

A potential difference is applied across the ends of a copper wire what is the
effect on the drift velocity of free electrons by

(i) Increasing the potential difference
(ii)  Decreasing the length and temperature of wire
Do bends in a wire affect its electrical resistance? Explain.

What are the resistances of the resistors given in the figures A and B? What is the
tolerance of each? Explain what is meant by the tolerance?

Brown Silver

Green Orange

White
Yellow ’

(O

Fig. Oé&ﬁ
%5

Why does the resistance of a n y uctor rise with temperature?

What are the difficulti estmg whether the filament of a lighted bulb obeys
Ohm's law?

Is the filament resistance lower or higher ina 500 W, 220 V light bulb than in a
100 W, 220 V bulb?

Describe a circuit which will give a continuously varying potential.

Explain why the terminal potential difference of a battery decreases when the
current drawn from it is increased?

What is Wheatstone bridge? How can it be used to determine an unknown
resistance?

Please visit for more data at: www.pakcity.org
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2 o) T 1Y)
(1) As

' Increos'fng

Wil INCrease

As

IF FE Increases

InCreases.

(I1)

As

= Fd
V X E [
the potential
S *
F = S
9 E | @QQ;)
Rt 0%@@
©@
: Fc@@%@ on
He:@3
Y Drift velocity Wil
VAU el all /- E
o a-’-
= length of the  Wwire
E -I-i:
oF +the

_455»_

Answier

s of Short Ques’uons

d - C‘ODStO Nt :

difference Vv

electrons also

Increase- |

Wire L decreases,
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E increases . -E:f;}:-;-
F = qE
F « E
By increasing o E " Force on the electrons

Increases . Hence

Drift  velocity increases.
| x By decreasing the  temperature , the

amplitude  of +the  vibration of  atoms

decreases .So , the chance (g collisions oF
r@@

decrease .

Free electrons wWith %
XS

L

Hence,

«\@©
the drift ocrtg increases .

- As , electrical resistance of a  wire depends
on its
(1) Nature
Lengfh

. . L
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(iii) Area of Crossection

So,

Bends ina wire do not have any afFFect
on Its length , area and nature ofF wire |

o

So Resistance 1S not affected. |

. Q"' !é.léi

15{:

Bond ( Brown)
2" Band (Green )

2 Band ( Red )
4™ Bond ( Gold @
. O |

S0
B B ( Yellow. ) .= 4
27 Hand (. inhits Bkety
3™ Bond ( Oronge) = 000
4™ Band ( Silver ) = 10% B
So '

R = 49000 + 107

S e o S T E—— - -
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O
OO

Toleragnce:
‘;.
Tolerance means the possible

variotion  oFf resistance fFrom the given value.

Example: .
A 1000 ohm  resistance NIt a
tolerance oF +107 will have an actuadl

resistance  anywhere between Q002 to {100<

R = 900 Q. <«— 1100 <2 .

«©)

EFFect of temiperature on Resistance

O

<§69 The resistance
oFFered by {/@odﬁctor to the Flow oF
electrons is due’ to  the  continuous collision
of Free electrons W Tt the' atoms.

As' _the temperature of
the conductor_ fS fncreosed > Jc.‘ne ompl'ii:ude &

Vibration oFf +he otoms increoges. So - the

chances oFf collisions of Free electrons = with
the atoms also Iincreases .
Hence

(13

By 'increos'ing the temgero’cure of
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O metallic conductor , Resistance ofF  the
conductor also increases .
Q-13.5:

The heated Filament of o

- S —— e e e e - T

does not obey Chm’s Law .

Reason:
According to Ohm’'s Law

V X 1 @

<

|

2%
¢<>

Hence, R = Resistance @%&S the conductor remains |
| O e .
&

. s W s . T e e T e - ——— L . e e A —— T [ - = n = - — -

As the curre
(H=1°Rt) is produced.This
Increases  the resistance _ofl The

Filament . Hence +the current 1

— — g, B o e -

iy i —

_Increases at a lower rate.

Hence it ddes not ohm’s Law .

.6:

The power dissipated in ~a resisfor




L
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is given by

y 2
P = ) I Vv = constant
1
P e
1
R « 5 .
So, more powerfFull bulb has smaller
resistance . Hence , resistance oF p =600 Watt
bulb Is smaller than P = 1006@3& bulb .

Potential 'divider:

Potential divider «Can T provide [l
continuously varying potential. 1+ 5 R .
circuit ' is  shown . in._ Figute, e L) rl ]
Battery provides  voltage V —r

across  the points A ,B of | _ B .

the rcheostat. The current through  the
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LG pakcity.org o

resistance R Is
A
: K
- Vg = Potential diffFerence between 'Jrhe points

HB" and P e

VBC - I[‘
VBC = ('yé' ) [
. «©

r . O@
Vee = E V O%Qbﬁ

. &

@@
1) When. S C.» 18 3ed towards the end B ,

! i

the resistance . .ot “te. Nire C decreqses.
Hence Vac cdecreasess
2) When C is moved. |towdrds the end A .

the resistance of the wWire r Increases.

Hence Vac Increases.
50, Vg can be varied From 0 Ry | volts .
Zlgel '
The terminal potential diFfFerence i

ok  a bo’c’cerg IS reloted = to its EMF E
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When the current ] " Increases, the potential
difference | Ir | QCross the internd\ resistance
Increases . Because EMF “E | IS constant , the
termi’nal potential difference V  of the
battery decreases.

Q=13.9;

Wheatstone Bridge q@
B

@0

[t | consists ok FOUF $@$§t0nces
Rl . Rz 5 Rg - R4_ - CO Cted ie

such a way Horm Q

mesh (Je) ABCDA .
JWhenvy=te

bridge is balanced electrically

no current Flows hcough™ ihe galvonometer,

In "rhis situation

the values of B R,,R;  the unknown resistance X can be \

Found . :






