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3.1 INTRODUCTION

o Charges in motion constitute an electric current.

o Lightning is one such phenomenon in which charges flow from the clouds to the earth through the atmosphere.
o The flow of charges in lightning is not steady.

¢ Atorch and a cell-driven clock are examples of devices in which charges flow in a steady manner.

3.2 ELECTRIC CURRENT

e Let AQ be the net charge flowing across a cross section of a conductor during the time interval A¢[ i.e.
between times ¢and (t + At)]. Then, the current at time ¢ across the cross-section of the conductor is defined
as the value of the ratio of AQ to A inthe limit of As tending to zero.

I(t)= lim g
At—0 At

o In ST units, the unit of current is ampere.
¢ An average lightning carries currents of the order of tens of thousands of amperes and at the other extreme,
currents in our nerves are in microamperes.
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3.3 ELECTRIC CURRENTS IN CONDUCTORS

o Consider solid conductors where the current is carried by the negatively charged electrons in the background
of fixed positive ions.

o Let electric field is not present in conductor.

o The electrons will be moving due to thermal motion during which they collide with the fixed ions.

e An electron colliding with an ion emerges with the same speed as before the collision.However, the direction
of its velocity after the collision is completely random.

¢ Ata given time, there is no preferential direction for the velocities of the electrons.

o Thus on an average, the number of electrons travelling in any direction will be equal to the number of elctrons
travelling in the opposite direction. So there will be no net electric current.

o Consider a piece of conductor if an electric field is applied.Imagine the conductor in the shape of a
cylinder of radius R as shown in the figure below:

+ —*E -3

¢ Consider two thin circular discs of a dielectric of the same radius and with positive charge + Q distributed

over one disc and — Q at the other disc.

¢ These two discs are attached on the two flat surfaces of the cylinder. Thus an electric field be created and will
be directed from the positive towards the negative charge.

o The electrons will be accelerated due to this field towards + Q .They will thus move to neutralise the charges.
e The electrons as long as they are moving, will constitue an electric current.

o Thus in this situation, there will be a current for a very short while and no current thereafter.

e Thus in the figure shown above, the current will stop after a while unless the charges + Q and — Q are
continuously replenished.

o There is amechanism when the ends of the cylinder are supplied with fresh charges to make up for any charges
neutralised by electrons moving inside the conductor.In this case there will be a steady electric field in the body
of the conductor. This results in a continuous current rather than a current for short period of time.Mechanisms
which maitain a steady electric field are cells or batteries.

3.4 Oaws Law

o« Imagine a conductor through which a current ; is flowingand let } be the potential difference between the
ends of the conductor.Ohm’s law states that

Vol oOr V=Rl e (1)

where the constant of proportionality g is called the resistance of the conductor.
¢ The Sl units of resistance is ohm and is denoted by the symbol () .The resistance g not only depends on the
material of the conductor but also on the dimensions of the conductor.
= The dependence of g on the dimensions of the conductor:
_Z
A

Consider a slab of length  and cross sectional area 4 .Resistance g is proportional to length / and
inversely proportional to the cross-sectional area
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/ [
Ra SO R=p T e ()
where the constant of proportionality p depends on the material of the conductor but not on its

dimensions. p is called resistivity.

From equation (1), Ohm’s law can be writtenas J = [ x R = [ p%. .................... 3)

1 -
Current per unit area (taken normal to the current), VR is called current density and is denoted by ; .

The SI units of the current density are 4/ m?.

If £ is the magnitude of uniform electric field in the conductor whose length is 7, then the potentil difference
J acrossitsendsis EJ .

Fromequation (3), El=jp/l or E=jp 4)

The current density ( the current through unit area normal to the current) is directed along £, andis a

vector ; .

Thus equation (4) can be writtenas £ = jp or j =gE

where o = 1 is called the conductivity.

1. A copper wire is stretched to make it (). 59, longer. The percentage change in its electrical resistance if its
volume remains unchanged is:

(A)0.5% (B)2.5% (©)1.0% (D)2.0% [JEE Main 2019]
.................................................... QUESTIONS from GSEB Board Exams...............cccccoovveveiiinivnnnnnnnn.
Q. 1.According to Ohm’s law (R = 7} , as current flowing through a conductor increases, resistance of

conductor
(A)Increases (B)Remains constant (C)Decreases (D)Nothing can be said

[1 mark, GSEB 2020]

3.5 DRIFT OF ELECTRONS AND THE ORIGIN OF RESISTIVITY

An electron will suffer collisions with the heavy fixed ions, but after collision, it will emerge with the same
speed but in random directions.If all electrons are considered, their average velocity will be zero since their
directions are random.

Ifthere are  electrons and the velocity of the ;# electron (i =1,2,34,..N ) atagiventimeis v;,

1Y
then levi =0 (1)
=
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o Consider now the situation when an electric field is present. Electrons will be accelerated due to this field

—

by a= , where — e1is the charge and m is the mass of an electron.

o Consider ;7 electron ata given time ¢.This electron would have had its last collision some time before ¢, and

let #; be the time elapsed after its last collision. If v; was its velocity immediately after the last collision, then its

—

velocity 171 attime ¢ is Vi=v; —

[
3%
-~
i
[\®)
p—a

since starting with its last collision it was accelerated with an acceleration @ = for time interval #;.The

m
average velocity of the electrons at time ¢ is the average of all the 171 ’S.

From equation (1) the average of v; ’s is zero since immediately after any collision, the direction of the

velocity of an electron is completely random.
The collisions of the electrons do not occur at regular intervals but at random times- denoted by 7 ( relaxation
time) -the average time between successive collisions.

Averaging equation (2) over the ) electrons atany given time ¢ gives the average velocity v

-

- = _ ek
Vd = (Vl )average - (vi )average N ;(ti )average
eE
=0 - —7
m

Thus electrons move with an average velocity which is independent of time, although electrons

are accelerated.This is the phenomenon of drift and the velocity v is called the drift velocity.

Rankers don’t solve different questions, they solve questions differently
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= As shown in figure below, consider a planar area 4, located inside the conductor such that the normal to the

area is parallel to g .

—  Ax=pA—

& E
o -

Because of drift, therw will be net transport of charges across any area perpendicular to g . In an

infinitesimal amount of time A¢ , all electrons to the left of the area at distances upto |v;|Ar would have crossed
the area.If nis the number of free electrons per unit volume in the metal, then number of electrons

crossing the area is n Ar[v,| 4.

As each electron carries a charge — e, the total charge transported across area 4 to the right in

time Ay is — neA|17d | At .

E 1s directed towards the left and hence the total charge transported along £ across the area is negative

ofthis, i.e.+ neA|\7d| At . Also the amount of charge crossing the area 4 intime A¢ is [ Az, where J is the

magnitude of the current.

Hence I Ar=+nedVy|At or I = +ned |‘7d|

e’ 4
m

ezA

~ ek ~ _
As |Vd|:77, IAt=""rnAt|E] oo 1=z |E|

m

Current j is related to the magnitude of current density m as I = ‘]‘A
me -
m

The vector ; is parallel to 7 and in vector form, j= " E
m

2

N ¥ . ne
As j=g¢E, conductivity 6 =—-7.
m

Here 7 and »n are constants, independent of £ .

1. Drift speed of electrons, when 1.5 4 of current flows in a copper wire of cross section 5 mm 2 ,1s v .Ifthe
electron density in copper is 9 x 1028 /m? the value of v in jmm/ s is close to (Take charge of electron to

be =1.6x10719C)
(A)3 (B)2 (C)0.2 (D)0.02 [JEE Main 2019]
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PRAKASH " www.prakashinstitute.org Mobile
Institute 94284 03104

2. A coppper road of cross-sectional area 4 carries a uniform current ; through it. At temperature 7, if

the volume charge density of therod is p , how long will the charges take to travel a distance  ?

2pdA 2pd A pd A pd A . .
(A) I (B) T ©) 7 (D) T [JEE Main 2018 Online]
.................................................... QUESTIONS from GSEB Board Exams................ccccccoeoviiinnennnnn,
Q. 1.A steady current flows in a metallic conductor of non-uniform cross-section. Which of the following
quantities is constant along the conductor ?
(a) driftspeed  (B)current density (C)electric field (D)current  [1 mark, GSEB 2022]
.................................................... QUESTIONS from CBSE Board Exams....................coeeeviieieennnnnnn..

Q. 1.If n,e,  and m have their usual meanings, then the resistance of a wire of length / and cross-
sectional area 4 is given by -

2 / y 2
ne” A m mt ne“tA
A B C D 1 k, CBSE 2022 (1
( )Zmrl ( )neer ( )nezl (D) o] [1 mar (]
Q. 2.

(a) Define the terms “drift velocity’ and ‘relaxation time’ giving their physical significance.
(b) A conductor of length 7 is connected across a dc source of emf g .Ifthe conductor is replaced by another
of the same material and area of cross-section but of length 57 , by what factor will the drift velocity
change ? [3 marks, CBSE 2019]
Q. 3.
(a) Define the term ‘conductivity’ of a metallic wire. Write its ST unit.
(b) Using the concept of free electrons in a conductor, derive the expression for the conductivity of a wire in
terms of number density and relaxation time.Hence obtain the relation between current density and the

applied electric field g . [3 marks, CBSE 2018]
Q. 4. Derive the expression for drift velocity of free electrons in a conductor in terms of relaxation time.
[2 marks, CBSE 2018]
Q. 5.

(1) Define “drift velocity’ of electrons in a conductor.
(i1) Two conducting wires y and y of same diameter but different materials are joined in series across a
battery. If the number density of electrons in x is twice thatin y , find the ratio of drift velocity of electrons
in the two wires. [3 marks, CBSE 2018]
Q. 6.Define the term “drift velocity’ in a conductor. Why does resistivity of a metal increase with temperature ?
Explain. |2 marks, CBSE 2017]

3.5.1 Mobility
Mobility u« is defined as the magnitude of the drift velocity per unit electric field.

_lal
E

The STunitof mobility is m? /¥ s and is 1 ofthe mobility in practical units (2 /¥s) Mobility s
positive.

ek Vg et . L
As vg =—r1, u= ? =— ,where 7 is the average collision time for electrons.
m m
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1. A current of 5 4 passes through a copper conductor (resistivity ~17x1078 Qm)of radius of cross

-section 5 y;m - Find the mobility of the charges if their drift velocity is1.1x 103 m/s .

(A)1.8 m?/Vs  (B)L.5 m>/Vs (C)1.3 m? /Vs (D)1.0 m?/Vs [JEE Main 2019]
2. The dimensional formula of mobility is

MM 24 BMIOr 247! O MIT247! O)M 11072 4! [GUICET 2018]

.................................................... QUESTIONS from GSEB Board Exams...............ccocovveieiiinivnnnennnnn.
Q. 1.Which of the following physical quantitiy has unit m>¥ 1512
(A) resistivity (B) electrical field (C) mobility (D) drift velocity
[1 mark, GSEB 2022]
Q. 2.Write a note on Mobility. [2 marks, GSEB 2020]
.................................................... QUESTIONS from CBSE Board Exams.................ccooevvviriieinnnnnnn.n.

Q. 1.How does the mobility of electrons in a conductor change, if the potential difference applied across the
conductor is doubled, keeping the length and temperature of the conductor constant ?
[1 mark, CBSE 2019]
Q. 2.Derive the expression for the current density of a conductor in terms of the conductivity and applied electric
field. Explain, with reason how the mobility of electrons in a conductor changes when the potential difference
applied is doubled, keeping the temperature of the conductor constant. [3 marks, CBSE 2017]

3.6 LIMITATIONS OF OaMm’s Law

Ohm’s law (i.e. proportionality of 7 and  )has been found valid over large class of materials, there are materials
and devices used in electrical circuits where it does not hold.
(a) ' ceases to be proportional to j as shown in figure below.

|/

b) The relation between 7 and ;j depends on the sign of J7 .If  is the current for a certain 7, then

reversing the direction of |/ keeping its magnitude fixed, does not produce a current of the same magnitude
as 7 in the opposite direction (as in case of a diode) shown in figure below:

Rankers don’t solve different questions, they solve questions differently
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(c) The relation between 7 and j is notunique, i.e. there is more than one value of J/ for the same current
1 shown in figure below.A material exhibiting such behaviour is GaAs.

Negative
Non-linearn resistance
region__ Tegion

/L

Voltage V (V) —»

+—Current I fmd)—»

Materials and devices not obeying Ohm’s law are actually widely used in electronic circuits. In this and subsequent
chapters, electrical currents will be learnt for materials that obey Ohm’s law.

.......................................... QUESTIONS... from..... COMPETITIVE EXAMS.........ccccccommmnniiiinnnnee

1.To verify Ohm’s law, a student connects the voltmeter across the battery as, shown in the figure. The
measured voltage is plotted as a function of the current, and the following graph is obtained:

V) v
"l ‘_‘ 1_5 '1"i' G i
s -

nternal x g
Pamislaiics A Ammeter iy
'.'MY" AR 1|r'ru e e R
' R I— 1000 mA

If V) is almost zero, identify the correct statement:
(A)The emf of the batteryis 1.5 ) and its internal resistanceis 1.5Q) .
(B)The value of the resistance g is 1.5Q).
(C)The potential difference across the batteryis 1.5/ when it sends a current of 1000 774 -
(D)The emfofthe batteryis 1 .5 andthe valueof g is 1.5Q). [JEE Main 2019]

Rankers don’t solve different questions, they solve questions differently
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3.7 RESISTIVITY OF VARIOUS MATERIALS

The materials are classified as conductors, semiconductors and insulators depending on their resistivities,
in an increasing order of their values.

Metals have low resistivities in the range of 10 8 Qm t0107% Qm . Insulators like ceramic, rubber and

plastics have resistivities 1 0'® times greater than metals or more.In between the two are semiconductors. These
have resistivities characteristically decreasing with a rise in temperature. The resistivities of semiconductors are
also affected by the presence of small amount of impurities.

= Commercially produced resistors for domestic use or in laboratories are of two major types: wire bound
resistors and carbon resistors.

Wire bound resistors are made by winding the wires of an alloy, viz., manganin, constantan, nichrome
or similar ones. The resistivities of these materials are relatively insensitive to temperature. These resistances are
typically in the range of a fraction of an ohm to a few hundred ohms.

Resistors in the higher range are made mostly from carbon. Carbon resistors are compact, enexpensive
and thus are extensively used in electronic circuits. Carbon resistors are small in size and hence their
values are given using a colour code.

The resistors have a set of co-axial coloured rings on them whose significance are listed in table
below:

RESISTOR COLOUR CODES

Colour Number Multiplier ~ Tolerance (%)
Black 0 1

Brown 1 10!

Red 2 102

Orange 3 10°

Yellow 4 10%

Green 5 10°

Blue 6 100

Violet 7 107

Gray 8 108

White 9 10°

Gold 10! 5
Silver 1072 10
No colour 20

Rankers don’t solve different questions, they solve questions differently 9
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The first two bands from the end indicate the first two significant figures of the resistance in ohms. The
third band indicates the decimal multiplier as listed in table. The last band stands for tolerance or possible
variation in percentage about the indicated values. Sometimes, this last band is absent and that indicates a

tolerance of 20 .

For example, if the four colours are orange, blue, yellow and gold, the resistance value is 36 x 10 0 ,

with a tolerance value of 59 .

- = Viaolet
{ Yellow Brown

Sl <\ 7o

" _— —

AR

Red Red Red Silver _.

2x10% 0) +10% (47x10Q)+5%
.......................................... QUESTIONS... from..... COMPETITIVE EXAMS........cccovinnnnnnrreenen.
1. Aresistance is shown in the figure. Its value and tolerance are given respectively by :

RED ORANGE

'

“u
SRR
& N \—
4 Ly i iy

4 "
VIOLET SILVER

(A)270Q, 5%  (B)27kQ,10% (C) 27k0,20% (D)2700,10% [JEE Main 2019]
2.A carbon resistance has a following colour code. What is the value of the resistance ?

= !

GOY Golden

(A)6.4MQ +5% (B)530kQ+ 5%  (O)64kQ +10%  (D)5.3MQ +5% [JEE Main 2019]
3. A 2 v carbon resistor is color coded with green, black, red and brown respectively. The maximum
current which can be passed through this resistor is:

(A)0.4 mA (B)20 m4 (©)63 mA4 (D)100 mA [JEE Main 2019]
4.A 200 Qresistor has a certain color code. If one replaces the red color by green in the code, the new
resistance will be:

(A)100 Q (B)400Q (©)3000 (D)5000 [JEE Main 2019]
5.Space between two concentric conducting spheres of radii ¢ and p (b > a) is filled with a medium of
resistivity p . The resistance between the two spheres will be:

p(Ll_ 1 l_l p(l 1 p(l 1 .
(A) 4z\a b (B ) 2x b © 2z\a b (D) dz\a b [JEE Main 2019]
6.A carbon resistor has three bands as brown, black and green in order. What will be the range of resistance it
offers ?

(A)7x10°Q — 13x10°Q (B)9x10°Q - 11x10°Q

) 8x10°0 — 0°Q D)None of these GUJCET 2019
Ran/{gm don’t sobve di ifferent questions, they solve questions differently 10
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7. A carbon resistor (47 + 4.7) kQ) 1s to be marked with rings of different colours for its identification. The

colour code sequence will be :
(A) Violet — Yellow — Orange — Silver (B) Yellow — Violet — Orange — Silver

(O) Yellow — Green — Violet — Gold (D) Green — Orange — Violet — Gold [NEET 2018]

8.Brown, Red and Orange coloured bands on a Carbon resistor are followed by silver band. The value of
resistor is

(A)320Q+5%  (B)12kQ+5% (©)320Q2+10% D)12kQ+10% [GUICET 2017]
.................................................... QUESTIONS from GSEB Board Exams...............cccccccoeoiiiinnnnnnnn,
Q. 1.From the following which one is a colour code for a carbon resistance having resistance (2200 Q) +5%

(A) Brown, Red, Red, Gold (B)Red,Red,Red, No Colour
(C) Red,Red,Red, Silver (D)Red,Red,Red,Gold [1 mark, GSEB 2020]
.................................................... QUESTIONS from CBSE Board Exams....................coeeeiiriieennnnnnn.
Q. 1.A carbon resistor is shown in the figure. Using colour code, write the value of the resistance.
Violet Red
Green

[1 mark, CBSE 2019]
Q. 2.

(a) You are required to select a carbon resistor of resistance of 56 kQ +10 % from a shopkeeper. What would
be the sequence of colour bands required to code the desired resistor ?

(b) Write two characteristic properties of the material of a meter bridge wire.

(c) What precautions do you take to minimize the error in finding the unknown resistance of the given wire ?

[3 marks, CBSE 2019]

Q. 3.Define electrical resistivity of a given material. [1 mark, CBSE 2018]
Q. 4.Nichrome and copper wires of same length and same radius are connected in series. Current ; is passed
through them. Which wire gets heated up more ? Justify your answer. [1 mark, CBSE 2017]

Q. 5.Define the conductivity of a conductor. Write its SI unit. [1 mark, CBSE 2017]

3.8 TEMPERATURE DEPENDENCE OF RESISTIVITY
Over a limited (small) range of temperatures, the resistivity of a metallic conductor is approximately|

given by pr = poll+all ~Tp)]

where p is the resistivity at a temperature 7 and py is the same at a reference temperature 7 . o is
called the temperature coefficient of resistivity, and it dimension of is (Temperature)_l .
= For metals, ¢ is positive.A graph of p; plotted against 7 would be a straigt line. At temperatures

much lower than (0 (-, the graph however, deviates considerably from a straight line as shown in figure
below:

Rankers don’t solve different questions, they solve questions differently
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- 0.4

-0.2

Resistivity P (101 m)

0 50 1000 150
Temperature T (K] —=

= Therefore equation p; = p [1 + a(T i )] can be used approximately over a limited range of 7 around

any reference temperature 7y , where the graph can be approximated as a straight line.

= Some materials like Nichrome (which is an alloy of nickel,iron and chromium) exhibit a very weak
dependence of resistivity with temperature as shown in figure below:

Resistivity p ja0tcm)
- ba
=] (=]
\

llm 1 L 1 1
200 400 GO0 800

Temperature T (K] —=

Manganin and constantan have similar properties. These materials are thus widely used in wire bound standard
resistors since their resistance values would change very little with temperatures.

= The resistivities of semiconductors decrease with increasing temperatures. A typical dependence is
shown in figure below:

= Temperature dependence of resistivity:

m

Resistivity of a material is given by p=—=

o ne’r
£ depends inversely both on the number n of free electrons per unit volume and on the
average time 7 between collisions.As temperature is increased, average speed of the electrons, which
act as the carriers of current, increases resulting in more frequent collisions. Thus the average time of
collisions 7 decreases with temperature.

Rankers don’t solve different questions, they solve questions differently
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In metal, » is not dependent on temperature to any appreciable extent and thus the decrease in the
value of 7 with rise in temperature causes © to increase.

For insulators and semiconductors, n increases with temperature.This increase more than
compensates any decrease in 7 so that for such materials, p decreases with temperature.

.......................................... QUESTIONS... from..... COMPETITIVE EXAMS..........ccccoonnirieeeeene
1. In an experiment, the resistance of a material is plotted as a function of temperature (in some range). As
shown in the figure, it is a straight line.

IR(T)
I 1/T2
One may conclude that:
RO 2 2 2 2 2 2
(A RT >=T—2 (B)R(T) = Rye " 'T"(C) R(TY=Rye T /T (D)R(T) = Rye” T

[JEE Main 2019]
2. Aheating element has a resistance of 100 QQ at room temperature. When it is connected to a supply of

220V ,asteady current of 2 4 passes in it and temperature is 5000 ¢ more than room temperature.
What is the temperature coefficient of resistance of the heating element ?

(A)o.5x107* 0c1B)5x107* P @1x107* ¢t @y2x107t ¢!

[JEE Main 2018 Online]
3.When the temperature of a conductor increases the ratio of conductivity and resistivity
(A)remain constant (B) increase (C)decrease (D)increase or decrease
[ GUJCET 2018 |

Q. 1. A heating element using nichrome connected toa 230 J/ supply draws an initial current of 4.6 4 which
settles after a few seconds to a steady value of 2 3 4 .What is the steady temperature of the heating

element if the room temperature is 570 ¢ . [a —17x107% Ocj [3 marks, GSEB 2022]
Q. 2.The value of the temperature co-efficient of resistivity (a) is for metals.
(A) infinite (B) positive (C) zero (D)negative [1 mark, GSEB 2022]

Q. 3.The resistance of the platinum wire of a platinum resistance thermometer at the ice pointis 5 () and at
steam point is 5 23 (3. When it is inserted in a hot bath, the resistance of the wire is 5 46 Q) . Calculate
the temperature of the bath.

(A)345.65 °C B)200 °c (€)200K (D)345.65 K

[1 mark, GSEB 2020(Oct)]
Q. 4.The resistance of the platinum wire of a platinum resistance thermometer at the ice point is 5 () and at
steam pointis 5.23 (). When it is inserted in a hot bath, the resistance of the wire is 5.795 () . Calculate
the temperature of the bath. [2 marks, GSEB 2020(M)]

Rankers don’t solve different questions, they solve questions differently
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.................................................... QUESTIONS from CBSE Board Exams.................cocceviiniiniinnnnn.n.
Q. 1.Which of the following has negative temperature coefficient of resistivity ?
(A) metal (B)metal and semiconductor (C)semiconductor (D)metal and alloy

[1 mark, CBSE 2022 ()]
Q.2.

a) Draw a graph showing the variation of current versus voltage in an electrolyte when an external
resistance is also connected.

b) (i) The graph between resistance (R) and temperature (T ) for Hg is shown in the figure (a).
Explain the behaviour of Hg near 4 g .

1‘ 0-16

=
= 0-08

(i1) In which region of the graph shown in the figure (b) is the resistance negative and why ?

I({mA)

Current —s
&=

0]  Voltage V (V) —

v

[3 marks, CBSE 2019]
Q. 3.Define electrical resistivity of a given material. Why does resistivity of a metal increase with increase in
temperature whereas in the case of a semiconductor, it decreases ? |2 marks, CBSE 2019]

Q. 4.The resistance of a heating element at 770 ~ is 100 Q . Find the
(a) temperature of the element at which its resistance is foundtobe 117 Q).
(b) resistance of the element at 4270 .

The temperature coefficient of resistance of the material of the element is 1.70 x 1074 Oc 1.
[3 marks, CBSE 2019]

Rankers don’t solve different questions, they solve questions differently
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3.9 ELECTRICAL ENERGY, POWER
Consider a conductor with end points 4 and B, in whicha current j is flowing from 4 to g .The electric

potential at 4 and p are denoted by V' (4) and V' (B) respectively.Since current is flowing from 4 to g,
V(A) >V (B) and the potential difference across ypis V =V (4)-V(B) > 0.

Inatime interval A¢,anamount of charge AQ = I At travels from 4 to g . The potential energy of the
charge at 4 , by the definition, was Q V' (A) and similarlyat g ,itis QO V(B).

Thus change in potential energy AU p; is

AU ,, = Final potential energy — Initial potential energy
= AQ[V(B)- V(A)]=-A0V
=—[VAt<0

If charges moved without collisions through the conductor, their kinetic energy would also change so that|
the total energy is unchanged.

Conservation of total energy would then imply that, AK =—-AU Le. AK=IVAt>0

Thus in case charges were moving freely through the conductor under the action of electric field, their
kinetic energy would increase as they move. On the average, charge carriers do not move with acceleration but
with a steady drift velocity. This is because of the collisions with ions and atoms during transit. During collisions,
the energy gained by the charges thus is shared with the atoms.The atoms vibrate more vigorously, i.e. the
conductor heats up. Thus, in actual conductor, an amount of energy dissipated as heat in the conductor during the

time interval As is, AW =1V At

AW
The energy dissipated per unit time is the power dissipated P = A and p=JV .

Using Ohm’s law, 7 = IR,

2
V . . .
P=1*R= 3 as the power loss (“ohmic loss” ) in a conductor of resistance g

carrying a current 7 .It is this power which heats up, for example, the coil of an electric bulb to incandescence,
radiating out heat and light.

= An external source is required to keep a steady current through the conductor and power is supplied by
this source.

I

Positive , I - | Negative
electrode * electrode
RS

> Electrolyte

As shown in figure above, it is the chemical energy of the cell which supplies this power for as long as it
can.
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= Power transmission: Electric power is transmitted from power stations to homes and factories, which may
be hundreds of miles away, via tranmission cables. Power loss in the transmission cables connecting the power
stations to homes and factories is minimised as follows:

Consider adevice R (it is not resistance),to which apower p isto be delivered via transmission cables

having aresistance R. to be dissipated by it finally. If }7 is the voltage across g and j the current through it, then
P=VI.
The connecting wires from the power station to the device has a finite resistance R,. . The power dissipated

in the connecting wires, which is wasted is £, with

P.=I°R,
2
_ PR,
V2

Thus to drive a device of power p, the power wasted in the connecting wires is inversely

proportional to j2 . The transmission cables from power stations are hundreds of miles long and their resistance
R isconsiderable (large).

To reduce P., these wires carry current at enormous values of } and this is the reason for the
high voltage danger signs on transmission lines as one moves away from populated areas.Using electricity
at such voltage is not safe and hence at the other end, a device called a transformed lowers the voltage to a value
suitable for use.

1. A current of 2 ;4 was passed through an unknown resistor which dissipated a power of 4 4 Jy . Dissipated
power when an ideal power supply of 11}/ is connected across itis :

A 11x102 W B)1Ix10~4w O)11x107 W (D)11x10° W [JEE Main 2019]
2.A cell of internal resistance - drives current through an external resistance g . The power delivered by the
cell to the external resistance will be maximum when:

(AYR=0.001» (B)R=1000r (COR=2r (D)R=r [JEE Main 2019]
3.The heat produced per unit time, on passing electric current through a conductor at a given temperature, is
directly proportional to the ...........
(A)Reciprocal of electric current (B)Square of electric current
(C)Reciprocal of square of electric current (D) Electric current [GUJCET 2019]
4. A constant voltage is applied between two ends of a metallic wire. If the length is halved and the radius of

the wire is doubled, the rate of heat developed in the wire will be :
(A)Doubled (B)Halved (C)Unchanged (D)Increased 8 times[JEE Main 2018 |

Q. 1.The electric power consumed by a 220V —100 W bulb when operated at 110 V is

(A)25w B)30w ©)35w (D)15 W [1 mark, CBSE 2022 ()]
Q. 2.An electric bulb is rated at 100} fora 220 V supply. Calculate (a) the resistance of the bulb, and (b)
the current flowing through the bulb. [2 marks, CBSE 2018]

Q. 3.Two bulbs are rated (Pl , V) and (P2 , V) . If they are connected (i) in series and (ii) in parallel across a

supply 7, find the power dissipated in the two combinations in terms of P, and A .
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* COMBINATION OF RESISTORS - SERIES AND PARALLEL
The current through a single resistor g across which there is a potential difference J” is given by Ohm’s

V
law / = — .Simple rules are used for calculation of equivalent resistance in case resistors are joined together.

= Two resistors are said to be in series if only one of their end points is joined as shown in figure
below:
I I

R

I R,

If a third resistor is joined with the series combination of the two, then all three are said to be in series.

= AAAAAAL 8 AAAAAAL_  AAAAAA_y
R I R I R I

I
Consider two resistors Ryjand R, inseries. The charge which leaves R; must be entering R, . Since

current measures the rate of flow of charge, the same current 7 flows through R, and R, .

Potential difference across Ryis V] = IR,

Potential difference across R, is V, = IR,

Potential difference J across the combinationis V; + 7, .

V="r+V,
=I(R +Ry)

This is as if the combination had an equivalent resistance Req , which by Ohm’s law is

R z;=(R1+R2)_

eq

For three resistors connected in series,
V= IRl +IR2 + IR3
=I(R +R, +R;)
R, the equivalent resistance R, is

.......

For a series combination of 7 resistors R;,R,,R3,Ry

Req=R1+R2+R3+ ......... +Rn
= Consider the parallel combination of two resistors. Two or more resistors are said to be in parallel if]
one end of all the resistors is joined together and similarly the other ends joined together as shown in

figure below:
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The charge that flows inat 4 from the left flows out partly through R; and partly through R, . The

currents 7, 1,1, shownin the figure are the rates of flow of charge at the points indicated.
Hence I =11+ 1,
Applying Ohm’s law to Ry ,the potential difference between 4 and p is given by
V=LR
Also, Ohm’s law applied to R, gives V' =1,R,

I=Il+12

V V
= — 4 —
R R

:V L+L
R R

If the combination is replaced by an equivalent resistance Ry, by Ohm’s law [=—o

eq
1 1 1
Hence B Tl
’ Req R Ry
For three resistors in parallel, I=11+1)+1;

Applying Ohm’s law to R;, R, and Rj, V=R, V=0LRy, V=01R3
So that

1=11 +12 +I3
R R R

V
An equivalent resistance R, that replaces the combination, would be such that [=—o

Ry

For a parallel combination of » resistors R;,R,,R3,Ry......, R, the equivalent resistance Req is
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= Consider three resistors R, R, and R3 as shown in figure below.

R
R L I

R,

Here R, and Rj are in parallel, hence replacing them by an equivalent Rezq3 between point g and C

1 1 1

. _ L 23 RyRj3
Wlth + or = —w
ReZ(? R2 R3 eq R2 =+ R3
I
—n PAAAAA, . AAASAS__ o
AT R, E R:' c

The circuitnow has Rjand R 62; in series and hence their combination can be replaced by an equivalent

. . r . L .A.‘
resistance Réf with Réf = Rezq3 +R; o Wk?’a} —2

B

Ifthe voltage between 4 and (C is J/, the current J is given by

e

_ V(R +Ry)
RyR3
R2 + R3

_ V(Ry+Rs)
R1R2 + R1R3 + R2R3
.......................................... QUESTIONS... from..... COMPETITIVE EXAMS........ccccoiiniiireeeene
1.Six similar bulbs are connected as shown in the figure with a DC source of emf g and zero internal
resistance.

The ratio of power consumption by the bulbs when (i) all are glowing and (i1) in the situation when two from
section 4 and one from section g are glowing, will be:

A B

(A)4:9 (B)9:4 (C)1:2 (D)2:1 [NEET 2019]
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2.In the network shown in the figure the equivalent resistance between points y and y will ..... () . Value of
each resistanceis 2 Q) .

¥ G -ﬂﬁf oY

(A)% (B) 1 (C) 4 (D)2 [GUJCET 2019]

3. A uniform metallic wire has a resistance of 18 () and is bent into an equilateral triangle. Then, the resistance
between any two vertices of the triangle is:

(A)20 B)120 ©40 D)sQ [JEE Main 2019]
4. Two equal resistances when connected in series to a battery, consume electric power of ¢() J¥ . If these

resistances are now connected in parallel combination to the same battery, the electric power consumed will
be:

(A)6ow (B)240 W © 120w D)3ow [JEE Main 2019]
5.Two electric bulbs, rated at (25 w,220 V) and (1 00w, 220 V) , are connected in series across a 220V

voltage source. If the 257 and 100 W bulbs draw powers A and P, respectively, then:
(AP =9W,P,=16W B)P =16W,P,=9W

OB =16W,Py=4W D) =4W,Py=16W [JEE Main 2019]
6.A wire of resistance R is bent to form a square ABCD as shown in the figure. The effective resistance
between E and C is: ( E is mid-point of arm CD )

A B
D E C
7 3 1
(AR (B)aR (C)ZR (D)ER [JEE Main 2019]

7. The resistive network shown below is connected to a D.C. source of 16} . The power consumed by the
network is 4 Wqtt . The value of R is:

4R 6 R
WA R |:.'-. A i| R
}_, LT WA
lll"" ‘-fl.- -'lnl'-.'-il“-"-
4R 12R
X
e=16YV
(A)6 O B)sQ O1Q (D)16Q [JEE Main 2019]
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8. Ametal wire of resistance 3 () is elongated to make a uniform wire of double its previous length. This new

wireis now bent and the ends joined to make a circle. If two points on this circle make an angle ()0 at
the centre, the equivalent resistance between these two points will be:

(A)%Q (B)%Q (C)%Q (D)%Q [JEE Main 2019]

9. In the given circuit all resistances are of value g ohm each.The equivalent resistance betweeen 4 and p is:

(A)2R (B)3R O)— (D)% [JEE Main 2018 Online]

10. Asetof n equal resistors, of value p each, are connected in series to a battery of emf g and internal
resistance R . The currentdrawnis j.Now, the nresistors are connected in parallel to the same battery.
Then the current drawn from battery becomes 1() 7 .The value of # is:

(A)10 B)11 (©)20 (D)9 [NEET 2018]
11. You are given 10 resistors each of resistance 7 () . First they are connected to obtain possible minimum

resistance. Then they are connected to obtain possible maximum resistance. The ratio of maximum and
minimum resistance is

(A) 100 (B) 10 (C)2.5 (D)25 |[GUJCET 2018]
12. The figure shows three circuits LII and Il which are connected to a 3V battery. If the powers dissipated by

the configurations I, Il and Ill are A, P, and P;respectively, then:

111y ""'_. 110}

103 ] : 10/ 10 < o
— 0 oL =, in

-z =10 =3y &£ 141 v .
10 P b Sk 3 l

] #in 1nh | A0 1 107 v

4} (11 (11

(A)P3 >P2 >Pl (B) P2 >Pl >P3 (C)])l >P3 >P2 (D)Pl >P2 >P3
[JEE Main 2017 Online |
13.
2V 2|V 2|V
f i 1
= %m L,
— —
2V 2V 2V

A B)0.2 C)0.54 D) 0 4 JEE Main 2017 |
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14.

10 10 10
A 9 battery with internal resistance of ().5 ) is connected across an infinite network as shown in the

figure. All ammeters 4;, 4,, A3and voltmeter 7 are ideal.
Choose correct statement

(A)Reading of 4;is2 4 (B)Readingof j is 7 (C)Readingof 7 is 9/ (D)Readingof A4;is 18 4

[JEE Main 2017 Online |
r
15. A uniform wire of length / and radius ;- has aresistance of 100€2 . It is recast into a wire of radius 5 .The
resistance of new wire will be :
(A) 40002 (B)1000 (©)2000 (D)1600Q2 [JEE Main 2017Online]
16.
= I
R
=R
102
A
400
W —

In above circuit if current through 10 Q) resistoris 2.5 4, valueof g is

(A)50Q B)40Q ©)8 Q D)10Q [GUJCET 2017]
17. The resistance of a wireis R ohm Ifitis melted and stretched to » times its original length, its new
resistance will be

R R
(A)nR B ©n2r (D) 2 [NEET2017]

Q.1.Three resistors 4 (), Q and 10 QQ are combined in parallel,what is the total resistance of the combination?

19
(A)2.10Q B) 7y Q ©)1.05Q (D)220  [1 mark, GSEB 2020]

Q. 2.Two resistors when connected in series the net resistance is 5 () and when they are connected in parallel
net resistance is 1.2 () .What are these resistors ?

(A)1Q,40 (B)0.6Q,0.6Q (€)20,30 (D)1Q,2Q  [1 mark, GSEB 2020]
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Q. 1.A set of '5' identical resistors, each of resistance ¢ g > when connected in series have an effective
resistance ' x'. When they are connected in parallel, their effective resistance becomes 'y'. Find out

the product of y and y. [2 marks, CBSE 2019]
Q. 2.Two electric bulbs p and Q have their resistances in the ratio of 1 : 2 . They are connected in series across
a battery. Find the ratio of the power dissipation in these bulbs. [2 marks, CBSE 2018]

3.10 CELLS, EMF, INTERNAL RESISTANCE

A simple device to maintain a steady current in an electric circuit is the electrolytic cell. Basically a cell
has two electrodes, called the positive (P) and the negative ( N) as shown in figure below.They are immersed in
an electrolytic solution.

R
c."._,_I AP, f D
I P N I
Electrolyte

Dipped in the solution, the electrodes exchange charges with the electrolyte. The positive electrode has
a potential difference V7 (V > O) between itself and the electrolyte solution immediately adjacent to it marked
A in the figure.Similarly, the negative electrode develops a negative potential — (V_ )(V_ > O) relative to the

electrolyte adjacent to it, marked as B inthe figure.
When there is no current, the electrolyte has the same potential throughout, so that the potential difference

between p and N is V, — (— V_ ) =V, +V_. This difference is called electromotive force (emf) of the cell
and isdenotedby ¢. Thus &=V, +V_>0.

Note that ¢ is, actually, a potential difference and not a force.
= To understand the significance of ¢, consider a resistor g connected across the cell as shown in figure

below.
R
E‘ﬂ‘u\ﬁp’v’j

Symbal

Acurrent 7 flows across p from C to p.Asteady current is maintained because current flows from
N to p through the electrolyte.Across the electrolyte the same current flows through the electrolyte but from
to p, wherease through pR , it flows from p to N .

The electrolyte through which a current flows has a finite resistance ,, called internal resistance.

14
= Consider first the situation when g is infinite so that / = ? =0, where J/ is the potential difference

between pand .
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Now,

I/ = Potential difference between p and 4

+ Potential difference between A4 and
+ Potential difference between g and N/
=¢
Thus, emf ¢ is the potential difference between the positive and negative electrodes in an open circuit,
i.e. when no current is flowing through the cell.

= Consider the situation when g is finite, 7 is not zero.In that case potential difference between p and \ is
V=V, +V_—Ir

=e—1Ir
Note the negative sign in the expression ([r) for the potential difference between 4and g . Thisis
because the current flows from g to 4 inthe electrolyte.

= In practical calculations, internal resistances of cells in the circuit may be neglected when the current j is

such that ¢ >> J . The actual values of the internal resistances of cells vary from cell to cell. The internal resistance
of dry cells, however, is much higher than the common electrolytic cells.
= Since )/ is the potential difference across g , from Ohm’s law J7 = JR .Combining with |/ = ¢ — [,

IR=¢—-1Ir
Or

The maximum current that can be drawn from a cellis for g = gand itis {max = —

However, in most cells the maximum allowed current is much lower than this to prevent permanent
damage to the cell.

1.The actual value of resistance g , shown in the figure is 80 QQ . This is measured in an experiment as shown

V
using the standard formula R = 7 where J/ and ; are the readings of the voltmeter and ammeter, respectively.

Ifthe measured value of g is 59 less, then the internal resistance of the voltmeter is:

v

R

f'_"'.hl

; A oA A A
A .,u" "'.-"ﬂI ..-"I"'J W
LS

4

(A)35Q B)350Q ©)5700 (D)600Q [JEE Main 2019]
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2.In the given circuit, an ideal voltmeter connected across the 1() Q) resistance reads 2 J . The internal resistance
r,of each cell is:

15}

{”’_I 20

1080
It

V.15V
) r i)

1.5
T
(A)1Q (B)0.5Q (O)L.5Q (D)0 Q [JEE Main 2019]
3. Abattery consists of a variable number n ofidentical cells (having internal resistance » each) which

are connected in series. The terminals of the battery are short-circuited and the current 7 is measured.
Which of the graphs shows the correct relationship between jand n?

I : I I
t | |
B © D)

[ NEET 2018 |

(A)

Q. 1.The storage battery of a car emf 12 J/ . If the internal resistance of the battery is 0.4 (3 . What is the
maximum current that can be drawn from the battery ?
(A)03 A (B)30A (C)3A (D)0.03A [1 mark, GSEB 2020]

............................................

Q. 1.

(a) Derive arelation between the internal resistance, emf and terminal potential difference of a cell from
which current j is drawn. Draw J7 vs j graph for a cell and explain its significance.

(b) A voltmeter of resistance 998 () is connected across a cell of emf 2 7 and internal resistance 2 () . Find the
potential difference across the voltmeter and also across the terminals of the cell.

Estimate the percentage error in the reading of the voltmeter. [S marks, CBSE 2019]
Q. 2.

(a)The potential difference applied across a given resistor is altered so that the heat produced per second
increases by a factor of 9. By what factor does the applied potential difference change ?

(b) In the figure shown, an ammeter 4 and aresistor of 4 () are connected to the terminals of the source.The
emf ofthe source is 12 J7 having an internal resistance of 7 () . Calculate the voltmeter and ammeter readings.

‘VT

| |
12Vvl'2Q
[3 marks, CBSE 2017]

NAAMY
R=4Q
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Q. 3. The figure shows a plot of terminal voltage '}/' versus the current ';' ofa given cell. Calculate from the
graph (a) emf of the cell and (b) internal resistance of the cell.

""rr‘\.
6V
4V
0 Toa T
[2 marks, CBSE 2017]
Q. 4.What is the difference between terminal voltage and emfofacell ? [1 mark, CBSE 2017]

3.1 CELLS IN SERIESAND PARALLEL
= Consider first two cells in series as shown in figure (1) below:

£y " Ea
0—4—‘ I—.—(—‘ —s—»
AT . B - C
Figure 1

Here one terminal of the two cells is joined together leaving the other terminal in either cell free. ¢, &,
are emfs of the two cells and 7y, , their internal resistances respectively.

Let V(A),V(B),V(C) bethepotentials at points 4, 3 and C shownin figure.V (A4) —V(B) is the
potential difference between the positive and negative terminals of the first cell.

V(A)+1In —¢ =V(B) or
Vap =V(A)-V(B)=¢ —In
Similarly, Vg =V(B)-V(C) =&y —Iry
Hence, the potential difference between the terminals 4 and C ofthe combination is
Vic =V(A)=V(C)=V(4)-V(B)+V(B)-V(C)
2(81 +82)—](r1 +7’2) .............................. (D)
As shown in figure 2, combination of two cells can be replaced by a single cell between 4 and  of emf]

€¢q and internal resistance 7eq,

VAC = 8eq _Ireq .............................. (2)
(- ;
o—4—‘ —o—a
AT C
s
Figure 2
Comparing equation (1) and (2), Eog =€1 T2 and Ty =1 + 1
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The rule for series combination of  number of cells is:

=

Figure 1

in whereas the current ; flows out.
Since as much charge flows in as out, I=1+1,
potential difference across its terminals is V(Bl ) — V(32 )

V=V(B))-V(By)=¢;— 1 - Thus, /1=

n

82—V
)

V=V(B)-V(By)=ey 151

From equation (1), (2) and (3),

Thus, I =

I=Il+[2
_81—V

4| )

:8_1+8_2_V l+i
n rn n n

nr
.y 172
ntnmn

ey =V
L2

g1 +éxn

Hence, J is given by, V= "+ 1)

€¢q and internal resistance 7, 14

= Eeq — 1 Yeq
£
Figure 2

Rankers don’t solve different questions, they solve questions differently

In figure (1), the negative electrode of the first was connected to the posifi e of tl

second. Instead if the two negatives were connected, Vg =—¢&y —1 1y, Then €¢q4

1) The equivalent emf of a series combination of » cells is just the sum of their individual emf’s, and
i1) The equivalent internal resistance of a series combination of 7 cells is just the sum of their internal resistances
Consider a parallel combination of the cells as shown in figure 1 below:

I, and ], are the currents leaving the positive electrodes of the cells. At the point By, 7; and 7, flow

Let V(Bl ) and V( B, ) be the potentials at B; and B, , respectively. Then, considering the first cell, the

81—V

Points are connected exactly similarly to the second cell. Considering second cell,

As shown in figure 2 below, combination of two cells can be replaced by a single cell between By and B, of emf]

11ve eleclrode o

=& =&, (g; >&5).
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&1 +érn rry
Eog = Yog = —
Fromeq. (4)and (5), ¢eq "+ and eq P
1 1 1 geq 81 82
OR st and — — .t
Teg 1 12 Teg N 12

Ifthere are n cellsofemf ¢|,¢5,.....¢,, and of internal resistances ry, 75 ,.....7;,, respectively, connected
in parallel, the combination is equivalent to a single cell of emf €4 and internal resistance 74 such that

L.ty 1 Feg _#1, 82 n

and
n n Tn Teq

non "'n

1. Two batteries withe.m.f. 12} and 13}/ are connected in parallel across a load resistor of 1 () . The
internal resistances of the two batteries are 1 () and 7 ) respectively. The voltage across the load lies
between:

(A)11.6Vand11.7Vy  (B)11.5Vand11.6V O114vand11.57 (D)11.7V and11.8V
[JEE Main 2018]

Q. 1.Derive the formula for equivalent emfand equivalent internal resistance for two cells having emf ¢ and ¢,

&, internal resistance 1y and », are connected in parallel.

Q. 2. Under what condition will the current in a wire be the same when connected in series and in parallel of
n identical cells each having internal resistance » and external resistance g ? [1 mark, CBSE 2019]

Q. 3.

(a) Two cells of different emfs and internal resistances are connected in parallel with one another. Derive the
expression for the equivalent emf and equivalent internal resistance of the combination.

(b) Two identical cells of emf | 5/ and internal resistance r are each connected in parallel providing a
supply to an external circuit consisting of two resistances of 17 () each joined in parallel. A very high
resistance voltmeter reads the terminal voltage of the cell to be | 4 7 . Calculate the internal resistance of

each cell. [5 marks, CBSE 2019]

Q. 4.Two cells of emfand internal resistance ¢, r; and ¢,, r, are connected in parallel. Derive the expressions

for the emf and internal resistance of a cell which can replace this combination. [3 marks,CBSE 2019]

Q.5.A 10V cell of negligible internal resistance is connected in parallel across a battery of emf 200 7 and

internal resistance 38 () as shown in the figure.Find the value of current in the circuit.

|2 marks, CBSE 2018]

:: AWV
38 Q
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Q. 6. Two cells of emfs ¢ & ¢, and internal resistances 7y & r, respectively are connected in parallel.Obtain

expressions for the equivalent
(1) resistance and

(i1) emf of the combination [3 marks, CBSE 2018]

Q. 7.The reading on a high resistance voltmeter when a cell is connected across itis 2.2 ). When a 5Q

resistance is connected across the terminals of the cell in parallel with the voltmeter the reading drops

to 1.8 V' . Determine the internal resistance of the cell. [3 marks, CBSE 2018]

3.12 KiIRCHHOFF’S RULES

Two rules called Kirchhoftf’s rules are very useful for analysis (to determine the currents and potential
differences) of electric ciruits in addition to series and parallel combinations of resistors.
(a) Junction rule: At any junction, the sum of the currents entering the junction is equal to the sum of]
currents leaving the junction.
(b) Loop rule: The algebraic sum of changes in potential around any closed loop involving resistors and
cells in the loop is zero.

300
M ]2.
AT YAV L
Lt 3
S
qon © . 10 a
ag—— AMAN —— A AN, —ed
N p BV
r >
L" \.__d_,-'" ':-) 2042
| 14 “
-EI | i WAVAVLY I 1 e
BOW ’

In the circuit shown, applying Kirchhoft’s Junction rule at ‘a’, the current leaving is /; + 7, and current
enteringis /3. Thus I3 =1 + 1.

Applying Kirchhoft’s loop rules to loops ‘ahdcba’:
-30/; +211, —80=0.

—30/; —41/3 +45=0 and ‘ahdefga’:

1.In the given circuit diagram, the currents, /; =—-0.3 4,14 =0.8 4 and /5 = 0.4 4, are flowing as shown.

The currents /,,/3and I ,respectively, are:

PO

] L1 I
5" o 1B T
S 1 TR

(A)1.14,-04 4,04 4
(C)1.14,044,04 4

Rankers don’t solve different questions, they solve questions differently

B)-044,044.1.14
(D)0.44,1.14,04 4

[JEE Main 2019]
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2.When the switch § , in the circuit shown, is closed, then the value of current will be:

20v 4 o C 010
A 20 I 40 B
220
r—n
(B)2 4 (C)4 4

B)1,2

Ry Ry
AN AN
|_ o R,
|
| !
JERY
B)2300 (©)450Q
4.In the circuit shown, the potential difference between A and B is:
10 1V
M A I I
5 ) fgr, 4¥ 100
— A Ao | | AN
A ) C
10 2V
Il AP I I
B3y ©6¥

_|I+ +I|_
10V IIAY
C)2,2

1.,‘.,r

(D)4 4

3.In the given circuit the internal resistance of the 187 cell isnegligible. If R; =400Q ,R3 =100 Q and
R4 =500Qand the reading of an ideal voltmeter across R, is 5/, then the value of R, will be :

D)300Q

D)1v

5.In the given circuit the cells have zero internal resistance.The currents (in Amperes) passing through resistance
Ry and R, respectively, are :

D)0, 1

Rankers don’t solve different questions, they solve questions
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6.For the circuit shown, with R; =1.0Q,R, =2.0Q, E; =2V and E, = E3 = 4V, the potential difference
between the points ‘a’ and ‘b’ is approximately (in V):

B . R
. & J—F.3
. =Ry z
T —TLl;z ] 5
Jlil\ -b
(A)2.7V B)3.7V (C)2.3V (D)3.3V [JEE Main 2019]

7.In the figure shown, what is the current (in Ampere) drawn from the battery ? You are given:
R =15Q,R, =10Q,R3 =20Q,Ry =5Q,Rs =25Q,Rs =30Q, E =15V

_"‘\-' f Lt ™ .-". 'H"" ' f—" . f W "\."A .'A' 5
Ry
S Ry & Ry
LAV W ———
R Rs
AE Bl Ci DQ JEE Main 2019

8.What is the current in the 4 () resistor when switch Sy is open and switch S is closed in the given circuit ?

R

2V
+17 S,
40 &% =50 ~ 5uF
69 10
(A)3.04 (B)0.8 4 ©O1.54 (D)1.2 4 IGUJCET 2017]
.................................................... QUESTIONS from GSEB Board Exams.............ccccccccooevvviiineneeeennn,

Q. 1.Kirchhoff’s junction rule represents
(A)Conservation of energy
(C)Conservation of linear momentum

Rankers don’t solve different questions, they solve questions differently

(B)Conservation of angular momentum
(D)Conservation of charge
[1 mark, GSEB 2020]
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Q. 2.Detemine the current in each branch of'the given network.

L -
50 1 100
| d/ [4 marks, GSEB 2020]

Q. 1.Using Kirchhoft’s rules, calculate the current through the 40 () and 20 Q) resistors in the following
circuit:

_3? f 200
A | | Ay B
40 0
D A {
[3 marks, CBSE 2019]
E I: NN F
tm o 100

Q. 2. Twelve wires each having a resistance of 3 () are connected to form a cubical network. A batteryof 10}
and negligible internal resistance is connected across the diagonally oposite corners of this network.

Determine its equivalent resistance and the current along each edge of the cube. [3 marks, CBSE 2019]
Q. 3.State Kirchhoft’s rules. How are these rules jusified ? [2 marks, CBSE 2018]

Q. 4.Using Kirchhoff’s rules, calculate the potential difference between B and D in the circuit diagram as shown
in the figure.

% B 2WE0
!

IV, — 20 == 1.¥;

1 €2 1 C2
[3 marks, CBSE 2018]

Rankers don’t solve different questions, they solve questions differently
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Q. 5.In the given circuit, with steady current, calculate the potential difference across the capacitor and the

charge stored in it.

6V
10

A ] vy F

6V C=5uF
B | —k E

[3 marks, CBSE 2018]
C i AN D
12V 20

Q.6.Three resistors, 2 (0, 5Q and 10 Q) are connected in parallel across a cell of emf of ¢ J7 and internal

resistance (.25 () . Calculate the value of the
(1) current drawn from the cell and (ii) terminal potential difference of the cell. [3 marks, CBSE 2018]

3.13 WHEATSTONE BRIDGE
*Kirchhoftf’s rules are applied to Wheatstone bridge which is shown in the figure below.

B
e
) L'T'Qt&’o
TR | RI%
L
A © -
I~
LR R
"‘lf"éb
NV
D
|
£

*The bridge has four resistors Ry, R,,R3 and R,.
* Across one pair of diagonally opposite points (AC) a source is connected. This (i.e. AC) is called battery arm.
*Between the other two vertices, B and D, a galvanometer G (which is a device to detect currents) is connected.

This line, shown as BD in the figure, is called the galvanometer arm.
* Assume that cell has no internal resistance. There will be currents flowing across all the resistors as well as a

current /o through G.
Rankers don’t solve different questions, they solve questions differently
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Consider a balanced bridge where the values of resistors are such that [, = 0 .Condition of balanced

bridge can easily be obtained such that there is no current through G.

Applying Kirchhoff’s junciton rule to junctions D and B as shown in figure.Here /; = I3 and [, =14 .
Applying Kirchhoft’s loop rule to closed loops ADBA and CBDC.

LoopADBAgives ~ —[\Rj+0+I13Ry =0 (I, =0)
I, R
Therefore, I, R e (1)

Similarly loop CBDC gives I4R4 +0-13R3 =0

As 11213 and]2 =I4, 12R4 +0—11R3 =0
I, Ry
Thus, AVl TR )
R, Ry

From equations (1) and (2), R_l = R_3

This equation relating the four resistors is called the balance condition for the galvanometer to
give zero or null deflection.
The Wheatstone bridge and its balance condition provide a practical method for determination of an

unknown resistance.Consider an unknown resistance inserted in the fourth armi.e. R4 is not known.Keeping

known resistances R and R, inthe first and second arm of the bridge, R5 is varied till the galvanometer
shows a null deflection. The bridge then is balanced, and from the balance condition the value of the unknown
Ry

resistance R4 is given by, Ry =Ry —= R
=> A practical device using this principle of balanced condition is called the meter bridge.

1.In a Wheatstone bridge (see fig.) , Resistances P and Q are approximately equal. When R = 400 QO , the

bridge is balanced. On interchanging P and Q , the value of R, for balance, is 405 Q) . The value of X is
close to:

O B) . 0 403 5Q
Ran/{gm don’t so[ve c[ ifferent questions, tﬁey solve questzons differently
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2. Which of the following statements is false ?
(A) Wheatstone bridge is the most sensitive when all the four resistances are of the same order of magnitude.
(B) In a balanced wheatstone bridge if the cell and the galvanometer are exchanged , the null point is
disturbed.
(C) Arheostat can be used as a potential divider.
(D) Kirchhoff’s second law represents energy conservation. [JEE Main 2017 |

Q. 1.The four arms of a wheatstone bridge have the resistances R; =100Q, R, =10Q, R3 =500 Qand
R, . What will be the value of R, ifthe wheatstone bridge is balanced ?
(A)5kQ B)2a ©O)2KQ (D)50Q  [1 mark, GSEB 2020]

Q. 1.
(a)Use Kirchhoff’s rules to obtain the balance condition in terms of the values of the four resistors in a
Wheatstone bridge so as to give null deflection in a galvanometer.
(b)Explain how the balance condition in a Wheatstone bridge is used in a meter bridge to determine the
unknown resistance.Under what condition is the error in determining the unknown resistance minimized ?
[S marks, CBSE 2017]

« METER BRIDGE
The meter bridge is shown in figure below:

l—"-"«.-"-"\—l B I—‘ l-"'i'v’—l
4 »

' GI'EI> .
— L, ——f 100 - L— | €

4 fl'lalmzre scale 4+

It consists of a wire of length [ 7 and of uniform cross sectional area stretched taut and clampled
between two thick metallic strips bent at right angles. The metallic strips has two gaps across which resistors can
be connnected. The end points where the wire is clamped are connnected to a cell through a key. One end ofa
galvanometer is connected to the metallic strip midway between the two gaps.The other end of the galvanometer
is connected to a ‘jockey’. The jockey is essentially a metallic rod whose one end has a knofe-edge which can
slide over the wire to make electrical connection.

R 1s anunknown resistance whose value is to be determined. It is connected across one of the gaps.

)Across the other gap, a standard resistance § is connected. The jockey is connected to some point D on the
wire, a distance ] ¢ fromtheend 4. Thejockey can be moved along the wire. The portion 4p of the wire

has aresistance R, [, where R, is the resistance of the wire per unit centimetre. The portion D of the wire

similarly has a resistance R, (100 —1).

Rankers don’t solve different questions, they solve questions differently
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The four arms 4B ,BC ,p4 and ¢cp [with resistancesp, S, R, [and R, (100 —l)] form a

Wheatstone bridge with 4 as the batteryarmand pp the galvanometer arm.If the jockey is moved along the
wire, then there will be one position where the galvanometer will show no current. Let the distance of the jockey

fromtheend 4 atthe balance pointbe / = /; .The four resistances of the bridge at the balance point then are

RS, R.yljand R, (100~ ). The balance condition gives

E_ Rem ll _ h
S R, (100-1;)  (100-1)

Thus after finding /;, the unknown resistance g is known in terms of the standard known resistance §

I
R=5
by (100—11j

By choosing various values of §, values of /; will be obtained and g will be calculated each time.

An error in measurement of /; would resultin an errorin g . The percentage error in g can be

minimised by adjusting the balance point near the middle of the bridge, i.e. when /, is close to 50 ¢ .(
This requires a suitable choice of § ).
=> Meter bridge is based on the principle of balanced Wheatstone bridge.

.......................................... QUESTIONS... from..... COMPETITIVE EXAMS.......c.cccccceoeiminiinnneenenes

1.In a meter bridge experiment,the circuit diagram and the corresponding observation table are shown in
figure.

ﬁﬁlshn Ef‘l—r

bow : ¢ Unknown

E resistance

q—ll—.'nr

Which of the readings is inconsistent ?

Sl.Ne| R I (em)
1. 1000 a0
2. 100 13
3. 10 15
4. 1 1.0
(A)3 (B)2 (C) 4 (D)1  [JEE Main 2019]

2.The resistance of the meter bridge AB in given figure is 4 () .With a cell of emf ¢ = (.5 J7 and rheostat
resistance Rj = 2 Q) the null point is obtained at some point 7 . When the cell is replaced by another one

ofemf ¢ =¢, the samenull point J is found for R, =6Q . Theemf ¢, is:

Rankers don’t solve different questions, they solve questions differently
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E

[

| |
)

A g ‘ [

]

I I '."-"'-.'."n'h'l-"“'r"\':a'—

(A)0.3V B)o.517 ©)04V (D)0.67 [JEE Main 2019]

3.In the experimental set up of metre bridge shown in the figure, the null point is obtained at a distance of

40cm from A.lfa 10 Q resistor is connected in series with R; , the null point shifts by 10 ¢m - The
resistance that should be connected in parallel with ( R+ 10) Q such that the null point shifts back to its

initial position is:
R R,
I
I‘\:G :I-H
¥
A B
| | et
| I I"H. s
(A)60 Q B)40 O ©)30Q (D)20 O [JEE Main 2019]

dR
4. In a meter bridge, the wire of length 1 7;; has a non-uniform cross-section such that, the variation Z ofits

1
resistance g with length / is al < j . Two equal resistances are connected as shown in the figure. The

galvanometer has zero deflection when the jockey is at point p . What is the length AP ?

(A)0.2m B)0.25m (©)0.3m D)0.35m [JEE Main 2019]

Rankers don’t solve different questions, they solve questions differently
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5. Inameter bridge; as shown in the figure, it is given that resistance Y = (2.5 (Qand t ance 1S
obtained at a distance 39.5 cm fromend 4 (byJockeyJ). After interchanging the resistances X and Y, a

new balance point is found at a distance /, fromend 4 . What are the values of X and 7, ?

X Y
R
L poo-1)
L 391.5 4] wire - €
METER SCALE
L )
Battery Key
(A)8.16xand 60.5cm (B)19.15Qand 39.5 cm
(0)g.16Qand 395 cm (D)19.15Q and 60.5 cm [JEE Main 2018 Online]

6. In ameter bridge experiment resistances are connected as shown in the figure. Initially resistance p = 4 O
and the neutral point J isat 60 ¢ from 4 . Now anunknown resistance R is connected in seriesto p
and the new position of the neutral point is at 80 ¢, from 4. The value of unknown resistance g is:

reh o

)
J
A N B
A
[
E f Ry, K
20 33 . .
(A) 3 Q (B)? Q ©e60 (D)7¢Q [JEE Main 2017 Online]
.................................................... QUESTIONS from CBSE Board Exams.................cecceviiniinnicnnnnn.n.

Q. 1. What is end error in a meter bridge ? How is it overcome ? The resistances in the two arms of the metre
bridge are R =5 and § respectively.

When the resistance § is shunted with an equal resistance, the new balance length found tobe1.5/;,

where /; is the initial balancing length. Calculate the value of § .

A P 1B Q [3 marks, CBSE 2019]

RS C

Rankers don’t solve different questions, they solve questions differently
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Q. 2.State the underlying principle of meter bridge. Draw the circuit diagram and explain how the unknown
resistance of a conductor can be determined by this method. [3 marks, CBSE 2019]
Q.3.
(a) State the working principle of a meter bridge used to measure an unknown resistance.
(b) Give reason

(1) why the connections between the resistors in a meter bridge are made of thick copper strips.

(i1) why is it generally preferred to obtain the balance length near the mid-point of the bridge wire.
(c) Calculate the potential difference across the 4 () resistor in the given electrical circuit, using Kirchhoff’s

rules.

8V 20
A I } e B

| 6V 10
D | I VWA C

[5 marks, CBSE 2019]
Q
E \f-N\« F
Q. 4.

(a) Use Kirchhoft’s rules to obtain the balance condition in terms of the four resistors in a Wheatstone bridge.
(b) Explain how the balance condition in Wheatstone bridge is used in meter bridge to determine the value of
unknown resistance. Under what condition is the error in determining the unknown resistance minimized ?
[5 marks, CBSE 2019]

Q.5.

(a) Define electrical resistivity of a given material. Why does resistivity of a metal increase with temperature
whereas in the case of a semiconductor it decreases ?
(b) In the set-up of a meter bridge, when two unknown resistances y and y are inserted, the null point is

obtained 35 ¢ from the positive end of the meter bridge wire. When a resistance of 15 () is connected in

series with y , the null point shifts by 15 ¢p; . Determine the values of resistances y and y .
[5 marks, CBSE 2018]

Q. 6.
(a)Write the principle of working of a meter bridge.

(b)In a meter bridge, the balance point is found at a distance /; with resistances g and § as shown in the
figure.

Y
v

An unknown resistance  is now connected in parallel to the resistance § and the balance point is found

ata distance /,. Obtain a formula for x interms of /;,/, and § . [3 marks, CBSE 2017]

Rankers don’t solve different questions, they solve questions differently
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Q.7.

(a) Draw a circuit diagram of a meter bridge used to determine the unknown resistance g ofa given wire.

Hence derive the expression for g interms of the known resistance § .

(b)What does the term ‘end error’ in a meter bridge circuit mean and how is it corrected ? How will the
balancing point be affected, if the positions of the battery and galvanometer are interchanged in a meter
bridge experiment ? Give reason for your answer. [S marks, CBSE 2017]

= Ans: (b)The error which arises on account of resistance of copper strips and the connecting wire at both
ends of the meter bridge is called end error.It is minimized by adjusting the balance point near the middle
point of the bridge.
No effect, as the bridge remains balanced.
Q. 8.(a) Write the working principle of a meter bridge.
(b) Answer the following:
(1) Why are the connections between resistors in a meter bridge made of thick copper strips ?
(i) Why is it generally preferred to obtain the balance point near the middle of a bridge wire in
meter bridge experiment ? [S marks, CBSE 2017]
= Ans: (b) (i) Thick copper strips have (almost) zero resistance OR Thick Copper strips do not add
additional resistance to the resistors being used.
(i) This results in a better accuracy in the measurements.

* POTENTIOMETER

Itis a basically long piece of uniform wire, sometimes a few meters in length across which a standard cell
B ) is connected. In actual design, the wire is sometimes cut in several pieces placed side by side and connected
at the ends by thick metal strip.
= Potentiometer to compare the emf of two cells

i

]

R

o I ,i
1—(}—{'; N{J— /

K,

In the figure, the wires run from 4 to . The small vertical portions are the thick metal strips connecting
the various sections of the wire.
A current ; flows through the wire which can be varied by a variable resistance (rheostat, g ) in the circuit.

Since the wire is uniform, the potential difference between 4 and any point at a distance / from 4 is

g(l ) =ql where ¢ is the potential drop per unit length.

Figure above shows an application of the potentiometer to compare the emf of two cells of emf ¢; and
&.

The points marked 1, 2,3 form a two way key. Consider first a position of the key where 1 and 3 are connected

so that the galvanometer is connected to ¢;.The jockey is moved along the wire till ata point N, ata distance




Applying Kirchhoff’s loop rule to the closed loop 4 Ny G314,

plj +0-¢ =0 Le. gy =0l (1)
Similarly, if another emf ¢, is balanced against /, (AN b ) ,
ply +0—¢7 =0 Le. &y =0l e, 2)
& _ 1
From equations (1) and (2), g = E ...................... 3)

then easily calculated from equation (3).

— Potentiometer to measure internal resistance of a cell:

resistance box through akey K.

Withkey K, open, balance is obtained at length /, (A Ny )
Then, E=0 [ | IR PP PP PP PPRTPPPPPPPIR (1)

potential difference of the cell and balance is obtained at length 7, (4N, ),

V=pl, (2)
e_h
From (1) and (2), v L, e 3)
E_(r+R)
Ase=1(r+R)and y = [R, e 4)
d R+r ll
F 3 4), =7
rom (3) and (4) R I

Rankers don’t solve different questions, they solve questions differently
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With this simple mechanism the emfs of any two sources (51 ,€9 )can be compared. In practice one of]
the cells is chosen as a standard cell whose emfis known to a high degree of accuracy. The emf of other cell is

As shown in figure below, to measure internal resistance (r) of acell (emf g), it is connected across a

Whenkey K, is closed, the cell sends a current ([ ) through the resistance box (R) If p is the terminal
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ly
Therefore, r=R (_ - j ...................... (5)

Using equation (5), the internal resistance of a given cell can be found.
The potentiometer has the advantage that it draws no current from the voltage source being
measured. As such it is unaffected by the internal resistance of the source.

.......................................... QUESTIONS... from..... COMPETITIVE EXAMS........cccooviiinnniiineeenene
1.An ideal battery of 4 7 and resistance g are connected in series in the primary circuit of a potentiometer of
length 1 andresistance 5(). The value of g to give a potential difference of 5,7 across 10 ¢m of

potentiometer wire, is:
(A)480Q (B)490Q (©)495Q (D)395 Q2 [JEE Main 2019]
2. Inapotentiometer experiment, it is found that no current passes through the galvanometer when the
terminals of the cell are connected across 52 cm of the potentiometer wire. If the cell is shunted by a
resistance of 5 (), abalance is found when the cell is connectedacross 40 cm of the wire. Find the internal
resistance of the cell.

(A)10 (B)15Q (C©)2Q (D)25Q [JEE Main 2018]
3. A potentiometer PQ is setup to compare two resistances as shown in the figure. The ammeter 4 in the

circuitreads 1.0 4 when two waykey K3 is open. The balance pointis atalength /; ¢m from p when

two waykey K3 is plugged in between 2 and | , while the balance pointis atalength [, ¢m from p

Ry
when key K3 is plugged in between 3 and 1 . The ratio of two resistances E ,1s found to be :

\.KE

Rhj,
E“H | BBt

w~. AP ——AAAAAANA
2 3R
e

T
G — _..-"ﬁ KE-

h L Iy
A+, ®)7, ©, (D)7, —; WEE Main2017 Online]

_]2

4. A potentiometer is an accurate and versatile device to make electrical measurements of E.M.F., because
the method involves:
(A) Cells
(B) Potential gradients
(C) A condition of no current flow through the galvanometer
(D) A combination of cells, galvanometer and resistances INEET 2017]

Rankers don’t solve different questions, they solve questions differently
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Q. 1.Aresistance of g () draws current from a potentiometer. The potentiometer has a total resistance Ry Q.

Avoltage J is supplied to the potentiometer. Derive an expression for the voltage across g when the
sliding contact is in the middle of the potentiometer.

& TV »
RI
A C
4"/\/\& [3 marks, GSEB 2020]
R
L AAARAA ]
.................................................... QUESTIONS from CBSE Board Exams.................ccccooveeieeinnnnnnne.n.

Q. 1. A student uses the circuit diagram of a potentiometer as shown in the figure:

(a)For a steady current j passing through the potentiometer wire, he gets a null point for the cell ¢ and

not for &, .Give reason for this observation and suggest how this difficulty can be resolved.

(b)What is the function of resistance g used in the circuit ? How will the change in its value affect the null
point ?

(c) How can the sensitivity of the potentiometer be increased ?

[3 marks, CBSE 2019]

= Ans:
(a) Reason:

Both ¢ and ¢ have positive terminal connected at 4 whereas negative terminal of &, is connected to 4

By interchanging the terminal of ¢,, the difficulty can be resolved.

(b) Resistance g protects the galvanometer by reducing the current flowing through it. Null point position
remains unaffected.
(c) Sensitivity can be increased by any of the following:
— Increasing the length of potentiometer
— reducing the value of ¢
— increasing resistance of rheostate
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Q.2.
(a) Describe briefly, with the help of a circuit diagram, the method of measuring the internal resistance of a cell.
(b) Give reason why a potentiometer is preferred over a voltmeter for the measurement of emf of a cell.

(c) In the potentiometer circuit given below, calculate the balancing length 7.Give reason, whether the circuit
will work, if the driver cell of emf 57 is replaced with a cell of 2 7 , keeping all other factors constant.

| 5V 450 Q
10 m
A 7 » B
I, @jRAB —500 [5 marks, CBSE 2019]
I |
300 mV
Q.3.
(a) For the circuit shown in the figure, how would the balancing length be affected, if
(i) Ry is decreased, (ii) R, isincreased,
the other factors remaining the same in the circuit ? Jusify your answer in each case.
R,
—{ }—) = WA
A ] B
+| = G
| I
(b)Why is a potentiometer preferred over a voltmeter ? Give reason. [3 marks, CBSE 2019]
= Ans:
(a)

(1)When R, is decreased, the balancing length decreases.

Justification: When Ry is decreased, current j through the potentiometer increases. Hence potential
gradient increases. Therefore balancing length decreases.

(i1) When R, is increased, balancing length decreases.

Justification: When R, isincreased, current / =

decreases. This increases (: E - ]r) hence
v+ R2

balancing length increases.
(b) Atbalance, Potentiometer draws no current from the voltage source, measurement of emf / potential
difference will be more accurate.

Q. 4.Explain brifly the principle and working of a device used for comparing the emf’s of two cells. Define the
potential gradient and write its S.I. unit. How can the current sensitivity of such a device be increased ? In
what way is this method of comparing the emf’s of two cells different from the one using voltmeter ?

5 marks, CBSE 2019]
Rankers don'’t solve different questions, they solve questions differently  [EE!




PRAKASH " www.prakashinstitute.org Mobile
Institute 94284 03104

= Ans: Current sensitivity of potentiometer is increased by increasing the length of the potentiometer wire.
Voltmeter requires current for its working hence measures terminal voltage J” and not ¢, while
potentiometer at null deflection has no current and hence measures ¢ .

Q. 5.In apotentiometer arrangement for determining the emf of a cell, the balance point of the cell in open circuit

18350 cm-When aresistance of 9 () is used in the external circuit of the cell,the balance point shifts to 300 ¢
[2 marks, CBSE 2018]

Detemine the internal resistance of the cell.

Q.6.

(a) Destinguish between emf and terminal voltage of a cell. Write the relation between the emf, terminal voltage

and internal resistance of the cell.
(b) State the principle of working of a potentiometer. Define potential gradient and write its S[unit.

Describe briefly how the emfs of two cells is compared using a potentiometer.  [S marks, CBSE 2018]

Q.7.

(a)(i)State the principle on which a potentiometer works. How can a given potentiometer be made more

sensitive ?
(i1)In the graph shown below for two potentiometers, state with reason which of the two potentiometers,

A or B,ismore sensitive.

4 A

T

V (volts)

(b)Two metallic wires, A and P, of the same material and same length but different cross-sectional areas, 4;

and A4, are joined together and connected to a source of emf. Find the ratio of the drift velocities of free

electrons in the two wires when they are connected (i) in series, and (ii) in parallel.

[S marks, CBSE 2017]
Q. 8.State the principle of the device used for comparing the emfs of two cells. Define the potential gradient
and write its S.I. unit. How can the sensitivity of such a device be increased ? In what way is this method of
comparing the emfs of two cells different from the one using a voltmeter ? Explain. [5 marks, CBSE 2017]

Q.9.

(a) State the working principle of a potentiometer with help of'the circuit diagram, explain how the internal

resistance of a cell is determined.

(b) How are the following affected in the potentiometer circuit when (i) the internal resistance of the driver
cell increases and (ii) the series resistor connected to the driver cell is reduced ? Justify your answer.

[5 marks, CBSE 2017]

= Ans: (b) Bonus of 1 mark was given to all students who attempted this as this question is

incomplete.

Rankers don’t solve different questions, they solve questions differently




