In electrostatics, we have studied abour the charges at rest. Here, we will study about
charges in motion which constitute an electric current. Such electric currents occur
naturally in many situations, e.g. in lightning, charges flow from the clouds to the earth
Lhruugh the alnmsph&rt, which somerimes becomes disastrous, as the flow ufchargrs is
not steady. However, in our everyday life we see many devices such as a torch, a
cell-driven clock, etc., where charges flow in steady manner.
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Electric Current and Ohm’s Law & CHAPTER CHECKLIST

If we mainrain the constant p-ﬂrtmi:al difference berween two conductors, we ® Electric Current and Ohm's Law
get a constant flow of charge in a metallic wire connecting the two conductors. @ Electrical Energy

The flow of charge in merallic wire constitutes electric current. The branch of
The fl f charg, Il tit lect t. The branch of
ph}'sics which deals with the chnrgrs in motion is called current ell:cl_ril:ity_

» Cells, EMF and Internal
Resistance

FLECTRIC CURRENT » Kirchhoff's Laws and its
] . ) ) . Applications
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conductor. It is denoted b}' I. Electric current can be cxprcss::d b:.r

I= Total charge flowing (g)

Time taken (¢)
If the charg{: d'qr flows [hmugh a conducror for small time &, then f = ?
3

It means thar the current through a conducror ar a time is defined as the first
derivative of charge passing through a cross-section of the conductor in a
parti{_'ul:lr direction with respect to time.

If # = number of chargrs. £ = electric L'hargt and t = time,

y

then |f=i=-”—€

' I

[here, g = ne]

)

C:{mvrntinna”}r. the direction of electric current is alnng the direction of
motion of positive chargcs and opposite to the direction of motion of negative
charges.

E]{_‘E[rif current is not ﬂl“’ﬂ}-"ﬁ stcad}r ﬂﬁd }!CJ'.I.CE morc gcntra"}’, wWC can IL!L'H.HC
l'I'IC current as Fﬂ“t‘.l\'-’ﬁ
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Ler Ag be the net chargc ﬂnw‘ing th mugh a cross-section of
the conductor in a particular direction during the time
interval At [i.e. berween times ¢ and (r+ Ar)] . Then, at
time ¢, the current in the conductor is given b}r

lim Ag
Ar(O=p, 507,

Current i1s a scalar quantity. ﬁlthuugh it represents the
direction of flow of positive charges, it does not follow the
laws of vector addition (since the angle between the wires
carrying current does not affect the total current). It follows
the laws of scalar addition.

Unit of Electric Current

The SI unit of current is ampere and it is represented by A.
1 coulomb (C)

= 1 coulomb per second
1 second (s)

1 ampere (A) =

or 1 Cs™'. Current thmugh a wire is said to be one ampere,
if a charge of one coulomb flows through any cross-secrion
of the wire in one second.

EXAMPLE |1| How many electrons pass through a lamp
in 1 min, if the current is 300 mA? Given, the charge on an
electron is 1.6 x 107"°C.
Sol. Given, current, ] =300 mA =300 <107 A

Charge on one electron, e=16 x we

Time, t =1 min=60s

Charge passing through a lamp in 1 min, g= Ix ¢

=300 % 107" % 60
Let n electrons pass through the lamp in 1 min.
g _ 300%107° x60

e 16x107"
=1.125%10" C

g=ne=n=

Important Points Related to Flow of Current

As a matter of convention, the direction of flow of positive
charge gives the direction of current. This is called
conventional current. The direction of flow of electrons gives
the direction of electronic current. Therefore | the direction of
electronic current is opposite to that of conventional current.

If the current varies with time, it is represented by differential
limit of g, ie. I = & Further, I is same, even when
dt

cross-sectional area is different at different points of the
conductor.
Through a cross-section of the conductor in a time ¢, if a
positive charge g, is flowing from Ato Band a negative charge
g, is flowing from Bto A then total current through the
conductor is given by

I=1+% 5%

t I t

The electric current, which flows during the ligh:ning, is of
the order of tens of thousands of amperes. However, the
CUrrent in our Nerves is in microamperes.

Current Density
The current density at a point in a conductor is the ratio of
the current at that point in the conductor to the area of
cross-section of the conductor at that pnint.]fa current f1s
distributed unifclrmly over the cross-section A of a
conductor, then the current density ar that point is

J==

A

It is a characteristic property of a point inside the conductor. It
is a vector quantity. Its directon ar a point is the direction of
flow of positive d‘!argc at that point,

The SI unit of current dcnsir_v is Am™,

EXAMPLE |2| An aluminium wire of diameter 0.24 cm
is connected in series to a copper wire of diameter
0.16 cm. The wires carry an electric cumrent of 10A.
Determine the current density in alumininm wire,

Sol. Given, diameter =0.24 cm,

. 0.24 %107 2
radius, r = ——— =012 %10 m
and current, | =10 A

I
s Current density, f= —= —
ty. J i

10

= ——=2.2x10"Am™
3.14 % (012 %107)

Electriec Current in Conductors
All metals are gcu:ld conductors of l:l:ctricit}r_ The electric

conduction in them can be explained by an electron theory.
In an atom of a substance, the electrons in the orbits close to
the nucleus are bound to it due to the strong atracrion of
the nuclear positive charge, bur the electrons far from the
nucleus experience a very weak artractive force.

Hence, the outer electrons can be removed easily from the
atom [h}«' ruhbing or b}' hcating the substance). In fact, a
few outer clectrons leave their atoms and move freely within
the substance (in the vacant spaces between the atoms).
These clectrons called free electrons or conduction
electrons. They carry the charge in the substance from one
pl:;cc to the other. Therefore, the electrical cand.uctivit}r of a
solid substance depends upon the number of free clectrons
in it. In metals, this number is quite |argc (= 10% fma'].

Hence, metals are Eund conductors of c||:crriciry. Silver is
the best conductor of electricity than copper, gold and
aluminium, rcspcctivcly.



In liquids and gases, electric conduction takes place by the
movement of both positive and negative charge carribers
unlike in metals, where the electric conduction occurs by
the movement of negative charge carriers (clectrons) only.

In case of a liquid conductor such as electrolytic solution,
there are positive and negative chargcd ions, which can
move on applying clectric field, and hence generaring the
electric current. Whereas in case of a solid conducror (i.e.
Cu, Fe, Ag, etc.) atoms are tighr]}r bound to each other. Thcy
consist of large number of free clectrons, which are
r:spnnsihl: for the strong current in them when electric field
is applied on them.

There are some other materials in which the electrons will
be bound and tl'lt:'}«’ will not be accelerated, even if the
clectric field is applied, i.e. no current on applying electric
field. Such materials are called insulators. e.g. Wood,
p|astil:, rubber, erc.

In our discussions, we will focus nnly on solid conductors in
which the positive ions are at fixed positions and the current

is carried h}r the ncgatiw:hr cha.rgcd clectrons.

& Flow of Electric Charge
When no electric field is applied on a solid conductor, the free
electrons in them move like molecules in a gas due to their
thermal velocities. There is no preferential direction for the
velocities of the electrons. The average thermal random
velocity is zero. Due to this, there is no net flow of electric
charge in a particular direction inside the conductor and
hence no current flows in it.

When an electric field is applied on a solid conductor, in the
shape of a cylinder of circular cross-section by attaching
positively and negatively charged circular discs of a dielectric
of the same radius as that of the solid conductor, at the two
ends, an electric field is generated in the conductor from
positive charged disc towards negative charged disc.

Electrolytic solutions are conductors of different types in which
positive and negative charges can move.

OHM’S LAW

It states that the current [ flowing through a conductor is
alwa)rs din:ctl}r prapm‘tinna] to the pnt:ntia| difference V'
across the ends of the conducror, provided that the physical

conditions (temperature, mechanical strain, etc.) are Iccpt
constant. Marhcmaticn”},r,

ToclV or Vel uriV:fR
where, R is resistance of the conductor,

Its value depends upon the length, shape and the nature of
the material of the conducror. It is independent of the

values of Vand /. Such conductors are
said to obey Ohm’s law. For an ohmic
conductor, the gmph between Vand f
is a straight linc as shown in the

ﬁgu re. o

EXAMPLE |3]| A potential difference of 3 V is applied
across a conductor throngh which 5 A of current is
flowing. Determine the resistance of the conductor.

Sol. Given, potential difference, V =3V

1=5A

R=F— =-R=-3-=116ﬂ
I 5

Current,

According to Ohm’s law,

Resistance of a Conductor

It is defined as the ratio of the potendal difference applied
across the ends of the conductor to the current flowing

thmugh It
V

Mathemardcally, R = =

The 5I unit of resistance is ohm and denoted by €2,
1 volt (V)

1 ohm (£2) =
1 ampere (A)

= 1 volt/ampere (or V/A)
The resistance of a conductor is said to be one ohm, if one
ampere of current flows, when a potential difference of one
volt is EPF“-I“I' across the ends of the conductor.

Dimensional
MLETP AT

The resistance of the conductor depends upon the
following factors

formula of eclectrical  resistance s

(i) It is directly proportional to the length of the

conducror.
iLe. Rocf L. A1)
(i) It is inversely proportional to the arca of the

cross-section of the conducror.

1
LE. oo —

A
From Egs. (i) and (i), we get

srelil)

RH% or R=p%] N {11]

where, pis the constant of pmpurtiunalirj.r known as
resistivity or specific resistance of the conductor.

(iii) It depends upon the nature of the material and
temperature of the conducror.



EXAMPLE |4| A negligible small current is passed
through a wire length 15 m and uniform cross-section
6x 10~ m? and its resistance is measured to be 5 Q2. What

is the resistivity of the material at the temperature of the

experiment? NCERT
Sol. Given, R=5Q, A=6x10"m" and/ =15m
Let the resistivity of the material be p.
. Resistance of wire, R = p%
-7
= p=ﬂ=—SX6Xlo =2x10'7ﬂ-m

! 15
Thus, the resistivity of the material at the temperature of
the experiment is 2 x 107" Q-m .

EXAMPLE |5]| Consider a thin square sheet of side L and
thickness ¢, made of a material of resistivity p. The
resistance between two opposite faces, shown by the
shaded areas in the figure. (2010)

AN

A tL ot
Note Here, R is independent of L.

Effect of Temperature on Resistance
Resistance of a metallic conductor at temperature
t°C is given as

R, = Ry (1+ oz +Pr?) (i)
where, R, = resistance of conductor at 0°C and ¢, B are the
temperature cocfficients of resistance.

If the temperature £ °C is not sufficiently large which is so
in most of the practical cases, then Eq. (i) can be written as

R, - R,
R =R,(1+0ut)or |O0=——"
Ry Xt

Change in resistance

Original resistance X Rise of temperature

Therefore, temperature coefficient of resistance is defined as
the increase in resistance per unit original resistance per
degree celsius or kelvin rise of temperature.

For metals, the value of ot is positive, therefore, resistance of

the metal increases with rise in temperature.

For insulators and semiconductors, the value of o
is negative, therefore, resistance decreases with rise in
temperature.

For alloys, the value of o is very small. The value of o is
different at different temperatures. Temperature coefficient
of resistance averaged over the temperature range ¢7C to £5C
is given by
o= R, =R,
Ry, =1)

where, R and R, are the resistances at #{C and #;C,
respectively.

EXAMPLE |6| A silver wire has a resistance of 2.1 Q at
275°C and a resistance of 2.7 Q at 100°C. Determine the

temperature coefficient of resistivity of silver. = NCERT
Sol. Given, t,=27.5°C, t, =100°C
R, =Rys=21Qand R, = Rpy= 27 Q
. Temperature coefficient of silver is given by
R, - 27 - 2.
el 21 _o.0039°C™

TR (ta-1,)  21(100 - 275)

DRIFT OF ELECTRONS AND
THE ORIGIN OF RESISTIVITY

Drift Velocity
It is defined as the average velocity with which the free

electrons in a conductor get drifted towards the positive end
of the conductor under the influence of an electric field
applied across the conductor. It is denoted by v 4. The drift

: 2 =4 A
velocity of electron is of the order of 107" ms™",

Let V be the potential difference applied across the ends of a
conductor of length /, then the magnitude of electric field is

.4
I

The direction of electric ficld is from positive to negative
end of conductor as shown in figure. Since, the charge on
an clectron is = ¢ and cach free electron in the conductor
experiences a force F.

F==¢E
Here, negative sign indicates that the direction of force is

opposite to that of electric field applied.

— L

] r=-ee <[}

e ] et

{H

Current in a metallic conductor



Acceleration of each clectron is given by

E
a=-— i Ifrom Newton's second law, @ = ﬁ]
pes m

where, m is mass of the electron.

Under the effect of applied clectric field, the free electrons
accelerate and acquire a velocity component in a direction
opposite to the direction of electric field in addition to their
thermal velociries.
However, this gain in velocity of electron due to the electric
field is very small and it is lost in the next collision with the
ion/atom of the conductor.
At any instant of time, the velocity acquired by clectron
having thermal velocity u, is given by

vVy=u, + an
where, 7, is the time elapsed as it has suffered its last
collision with ion atom of conductor.
Similarly, v, =u,+at,,...,v, =u, +az,
vitvytotyv,

. Average velocity, v, =
n

_(uy+ag)+(u,+ar)+-+(u, +az,)

n

_utu,t..tu, i alty +2, +..+¢,)

n n

u,+u,+..+u
We know that, — - 2=
n

Lyt )
L2 " ® i called average time clapsed or

and

n
average relaxation time and is denoted by 1. Its value is of

the order of 107" 5.
¢E

VJ=-—t
m

vy=0+at or v ,=at or

Negative sign shows that v, is opposite to the direction
of E.

E
Average drift velocity, v, = e_ T ]

Average relaxation time
= Mean free path of electron/drift speed of clectron.

Relation between Drift Velocity

and Electric Current

Consider a conductor of length / and A be the uniform area
of cross-section.

. Volume of conductor = A/
lF the conductor conmains free electrons » per unit volume.

Then, number of free electrons in the conductor = nA/

If ¢ is the charge of an electron, then total charge on all free
clectrons in the conductor is given by

q=nAle 00
Time taken by the free electrons to cross the length of the
conductor

/

t=—o .. (i)
Uy
Since, current is the rate of flow of the charge through
conductor.
- &
t
Using Eqs. (i) and (ii), we get

e ... (iif)

Vd
Eq. (iii) gives the relation between the current flowing
through the conductor and drift velocity of the electron.

Putting the value of v, (: E] in Eq. (iii), we get
m

Ane*tE

m

/=

EXAMPLE |7| Estimate the average drift speed of
conduction electrons in a copper wire of cross-sectional
area 1.0 x 10" m? carrying a current of 1.5 A. Assume the
density of conduction electrons to be 9 x 102 m~>.
All India 2014
Sol. Given, cross-sectional area, A =1.0x107 m?
Current, [ =1.5A
Electron density, n=9x10*m™
Drift velocity, v, =?
We know that, I = neAv,
1 1.5

= VS ——=
‘T neA 9x10% x1.6x107"° x 1.0 X107

=1.042 x 10 m/s

Deduction of Ohm’s Law

2
We know that.l=M and V =£ =(‘— )
m m ml
as —K
=g
So, I= Anevy —Ane ——-t [A" ]V
ml
V ml

—_—= s = R = constant
I Anet



K=R =
1

This is called Ohm'’s law.

Mobility
It is defined as the magnitude of drift velocity of charge per
unit electric field applied. It is expressed as
a Drift velocity (v,) _gEtim _qu
N Hecwichd(E) E  m
where, T is the average relaxation time of the charge while

drifting towards the opposite electrode and 72 is the mass of
the charged particle.

V=RI

m

Mibility of elecironn, |1, =t
mf
oy ¢ tb

and mobility of holes, 1, =—.
my

where, T, and T, are average relaxation time for electrons
and holes, respectively. m, and m, refer to mass of electrons
and holes, respectively. Charge on cither is e.

The SI unit of mobility ism*s™' V™" orms™ N~'Cand it is
in the order of 10*. The practical unit of mobility is
(Cm?*/V-s). Mobility is a positive quantity.

The total current in the conducting material is the sum of

the currents due to the positive current carriers (holes) and
negative current carriers (electrons).

EXAMPLE |8| Find the current flow through a copper
wire of length 0.2 m, area of cross-section 1 mm?, when
connected to a battery of 4 V. Given that, electron
mobility is 4.5 x 10 *m’s 'V ™" and charge on an electron
is 1.6 x 107*°C. The number density of electrons in copper
wire is 8.5 x10% m™3.
Sol. Given, length of copper wire,/ = 0.2 m

Cross-sectional area, A =1 mm? =10"° m*

Potential difference, V=4V

Electron mobility, p =4.5x10"°* m*~'Vv™"

Charge of an electron, e =1.6x10"" C

Number density of electrons, n = 8.5x10*m™

We know that electric field set up across the conductor,

- Current through the wire, I = nAe vy =nAep E

[ =v,/E]

=85x 10" % 107% % 1.6x 107 x 45x% 107 % x 20
=122A

Limitations of Ohm’s Law
The devices which do not obey Ohm’s law are called
non-ohmic devices, such as vacuum tubes, semiconductor

diodes, transistors etc. The relation (;: R) is valid for

both, ohmic and non-ohmic devices.
For ohmic conductors, value of R is constant.

For non-ohmic devices, value of R is not constant, i.c.

Ohm’s law fails.

The limitations of Ohm’s law are given below

Variation of potential difference with current

(i) Potential difference may vary non-lincarly with
current.

(i1) The variation of current with potential difference may
depend upon sign of potential difference applied.
HmA)

!

Reverse bias
Forward bias Y

I {uA)
Variation of current according to the
sign of potential difference

(i1i) The relation between potential difference and current
is not unique, i.c. there is more than one value of V
for the same current /.

1 (mA) Non-linear msgw

v
Graph of current versus potential difference for GaAs

]

RESISTIVITY OF
VARIOUS MATERIALS

Specific resistance or resistivity of the material of a
conductor is defined as the resistance of a unit length with
unit area of cross-section of the material of the conductor,
i.e. it is also defined as the resistance of unit cube of a



material of the given conductor. The unic of resistiviey is
ohm-metre or £-m and its dimensional formula is

ML*T?A ).

Since, we know thart R=p % = p= ? vl
s ml ;
Substituting the value of R = >— in Eq. (i),
e~ AT
We have, |:I=( n:f ]i
ne-At) |

m

. Resistivity of the material, | p= =
ne T

From the above formula, it is clear that resistivity of a

conductor depends upon the following factors:
(i) pe=— lLe. resistvity of a marterial is im.rr:rsn.:l],-r
n

proportional to the number density of free electrons
(number of free electrons per unit volume).

As the free electron density depends upon the nature
of material, so resistivity of a conductor depends on
the nature of the material.

(ii) pes 1/1, ie. resistiviry of a marerial is in\r:rscl}r

pmpnrriuna] to the average relaxation time T of free
electrons in the conductor.
As value of T depends on the temperature of
conductor, so resistivity of a conductor changes with
temperature, as temperature increases, T decreases,
hence p increases.

Resistivity of Different Materials

Mame of the  Resistivity at Name of the  Resistivity
materials 0°C (£1-m) materials at0°C
(2-m)
1. Conductors 2 Semiconductors
(i) Metals Carbon 35x10°°8
Sitver 1.6x 1078 Germanium 0.46
Copper 1.7% 1078 Silicon 2300
Aluminium 2.7 x 1078 3. Insulators
Tungsten 56 x 107" Glass 10010
Iran 1ox10r® Hard rubber 10210'®
Platinum 11x 1078 Mica 1010
Mercury 98 x 1078 Wood 10810
i) Alloys Amber 5x 10"
Michrome —100x% 107 ®
Manganin 48x 1078
Constantan 49 x 1078

EXAMPLE |9| Find the time of relaxation between
collision and free path of electrons in copper at room
temperature.

(Given, resistivity of copper = 17 x 10™* Q-m, density of

electrons in copper =85x10® m~*, charge on an
electron = 16 x 10~ C, mass of electron = 9.1 % 107 *! kg
and drift velocity of free electrons = 16 x 107 ms™

Sol. Given,p=17 <107 Q-m, n=85x10"* m™*,

e=16x100"Com =91x10"" kg
and v, =L6X10"*ms™
We know that, p= —m;—
net
- Relaxation time,
’ 91 x 107 ¥

elnp (ex107MP x85x 10" x 1.7 x107 8

m

=25x107"s

~. Mean free path of electron (distance covered between
two collisions)

=v,T=L6x10" " x25x100" =4x107*m
Temperature Dependence of Resistivity

Resistivity of a metal conductor is given i:ry
p=pll+a(l =T,)] (i)

where, P = resistivity at temperature 7,

and p, = resistivity at temperature T
- 1

i _ P-P0 _ f_:'E

TpT=T,) p, dT

Thus, temperature coefficient of electrical resistivity is also

dp

defined as the fractional l:h:-mgc in electrical resistivity —
P

per unit dl:-l.ngc in temperature dT.
For metals, the value of ot 1s positive, therefore resistvity of

metal increases with increase in femperature,

Resistivity as a function of temperature for metals

Eq.(i) implies that a graph of p plotted against Twould be a
straight line. At temperatures much lower than 0°C, the
graph deviates considerably from a straight line. Eq.(i) can
be used approximately over a limited range of T around any
reference  temperature 7, where the graph can be
approximated as a straight line.



For semiconductors, the resistivity decreases with increase

in temperature.
P

;
Resistivity as a function of temperature for semiconductors

For alloys, the resisdvity is very large, bur has weak

EI.CFC"dL‘HCC on tCmPCl’ﬂtLll’C.

p

-
Resistivity as a function of temperature for alloys

Electric fuse is made of an aﬂc}y of zing, copper, silver and
aluminium. This is because allo}rs have low resistivity. This
causes the wire to melr, if a current more than safe current
flows through the circuir.

CONDUCTANCE AND
CONDUCTIVITY

Conductance

It is defined as the rcciprn-cal of resistance of a conducror. It
15 l:xpr:sscd as

G=—
R

Its SI unit is mho (ﬂ_'} or stemen (5).

The dimensional formula of conductance is[M 'L T A%].

Conductivity

It is defined as che rn:ipmcal of resistivity of a conductor. It

15 l:'xpn:ss::d as

The SI unit is mho per metre {ﬂ_l m_l} or sicmen per
metre (S/m).

The  dimensional
MLAT3AY.

formula of conductiviy is

EXAMPLE |10| A wire carries a current of 0.5 A, when a

potential difference of 1.5 V is applied across it, What is its
conductance? If the wire is of length 3m and area of
cross-section 5.4 mm?, then calculate its conductivity.

Sol. Here, I =05A, V=15V, [=3m,

A=54mm’ =54 x10"*m"

- New resistance, R= E = Lo =310}
I 05
1 1

. Conductance, G=—=-=0335

R 3

and electrical conductivity,

P, L SN SR e
p RA 3xs4x10m®

Relation between ./, ¢ and E
(Microscopic form of Ohm’s Law)

Since, the relarion berween the current flowing through the
conductor and drift vc|m:ir}r of electron is given h)«'

I =ndev,
E nAe’tE
;zm[f_.:] _nde 1E
m m
I ne’tE m:'z‘l:E !
= _—— = '_'j:—
A m m A
1 m
or J=—E ‘p=
p [ ¥ nr"'r]
1
J=6E [‘.'ﬂ'=—]
P

It is a microscopic form of Ohm's law.

Classification of Materials in
Terms of Conductivity

On the basis of conductivity, the materials can be classified
into the fullawing categorics

Insulators

These are materials whose elecerical cunductiviry is cither
very small or nil, e.g. glass, rubber, etc.

Conductors

These are materials whose electrical cnnductiv‘it}r is very
hig|11 c.g silver, aluminium, etc.

Semiconductors

These are those marterials whose electrical Cﬂnducti‘h'it}" lies
in between that of insulators and conductors, c.g
germanium, silicon, etc.

MNote Thermistor A thermistor is a heat sensitive device whose
resistivity changes very rapidly with change of temperature.

A NEMTIStOr can have a resisiance in e range of 0142 o 1078,
depending upon its composition.

Superconductivity The resistivity of certain metal or alloy drops to
zer, when they are cooled below a cerain temperature is called
superconductivity. It was observed by Prof. Kamerlingh in 1911.



TOPIC PRACTICE1 |

OBJECTIVE Type Questions

I. Twenty million electrons reaches from point X

VERY SHORT ANSWER Type Questions

8. I-V graph for a metallic wire at two different

to point Yin two micro second as shown in the
figure. Direction and magnitude of the current is

temperatures T, and T, is as shown in the
figure below.

Y — X T
(a) 1.5x107° A from X to Y |
(b) 1.6X10™ A from Yto X I T2
(c) 1.5x107" A from Yto X
(d) 1.6x107* A from Xto Y —

. The relation between electric current density (J)

Which of the two temperatures is lower and

and drift velocity (v,) is why? Delhi 2015
(a) F=nev, (b)7= X 9. Graph showing the variation of current versus

Va voltage for a material GaAs is shown in the
©7= "-:l ¢ (d) 7 =nev? figure. Identify the region of

where, e is the charge of electron and n is the
number of electrons.

3. If drift velocity of electron is v, and intensity of
electric field is E, then which of the following
relation obeys the Ohm'’s law?

(a) v, = constant (b) v, <E
(c)v,,=«/E (d) v,,ch2

4. Which of the following characteristics of
electrons determines the currentin a

Voltage V ——

(i) negative resistance.

(ii) where Ohm’s law is obeyed.  AllIndia 2015

10. Why are alloys used for making standard

conductor? NCERT Exemplar resistance coils? NCERT Exemplar
(a) Drift velocity alone 11. Two materials Si and Cu, are cooled from 300
(b) Thermal velocity alone K to 60 K. What will be the effect on their

(c) Both drift velocity and thermal velocity resistivity? Foreign 2013
(d) Neither drift nor thermal velocity 12. When electrons drift in a metal from lower to

higher potential, does it mean that all the free
electrons of the metal are moving in the same
direction? Delhi 2012

5. The dimensional formula of resistance is
(a) [ML*T2A7?) (b) [M?L*T?A)
(c)[ML*T*A™*] (d) [ML*TA7?)

13. Define the term mobility of charge carriers in a

6. The resistance of a 10 m long wire is10Q. Its conductor. Write its SI unit. Delhi 2014

IREEh.1x Mcransed by Sak by stretching the wire 14. The relaxation time 7 is nearly independent of

uniformly. applied E field, whereas it changes

The resistance of wire will change to significantly with temperature T. First fact is
(a) 125 Q (b) 145 Q (in part) responsible for Ohm'’s law, whereas
(c) 156 Q (d) 16.6 Q the second fact leads to variation of p with

temperature. Elaborate why? NCERT Exemplar

7. Multiplication of resistivity and conductivity of

15. Is the motion of a charge across junction
momentum conserving? Why or why not?

NCERT Exemplar

any conductor depends on
(b} temperature
{d) None of these

{a) cross-section

(c) length



16.

17.

Specific resistances of copper, silver and
constantan are1.78 x10~% 0 -cm, 10~ % Q-em and
48 x 107 ® Q-cm, respectively. Which is the best
conductor and why?

For wiring in the home, one uses Cu wires or Al

wires. What considerations are involved in this?
NCERT Exemplar

SHORT ANSWER Type Questions

18.

19.

20.

21.

22.

What conclusion can you draw from the
following observations on a resistor made of

alloy manganin? NCERT

Current Voltage Current Voltage
(nA) (V) (in A) (in V).

0.2 3.94 3.0 59.2

0.4 7.87 4.0 78.8

0.6 11.8 5.0 98.6

0.8 15.7 6.0 118.5

1.0 19.7 7.0 138.2
20 39.4 80 158.0

A metal rod of square cross-sectional area A
having length ! has current I flowing through it
when a potential difference of V volt is applied
across its ends (Fig. I). Now, the rod is cut parallel
to its length into two identical pieces and joined
as shown in Fig. [I. What potential difference
must be maintained across the length of 2/, so

that the current in the rod is
still [ ?

|

i I
m (I

Foreign 2016
A conductor of length [ is connected to a DC
source of potential V. If the length of the
conductor is tripled by gradually stretching it,
keeping V' constant, how will
(i) drift speed of electrons and

(ii) resistance of the conductor be affected?
Justify your answer. Foreign 2012

Using the concept of drift velocity of charge
carriers in a conductor, deduce the relationship
between current density and resistivity of the
conductor. Delhi 2015C

(i) A wire of resistivity p is stretched to three
times its length. What will be its new
resistivity?

23.

24.

(ii) In what manner, do the relaxation time in
the good conductor change when its
temperature increases?

Define mobility of a charge carrier. Write the
relation expressing mobility in terms of
relaxation time. Give its Sl unit.  All India 2013

Draw a plot showing the variation of
resistivity of a (i) conductor and (ii)
semiconductor, with the increase in
temperature. How does one explain this
behaviour in terms of number density of
charge carriers and the relaxation time?

Delhi 2014 C

LONG ANSWER Tvpe [ Questions

25.

26.

27.

28.

(i) Deduce the relation between current /
flowing through a conductor and drift
velocity v, of the electrons.

(ii) Figure shows a plot of current [ flowing
through the cross-section of a wire versus
the time . Use the plot to find the charge
flowing in t, second through the wire.

I
J-2

1

o 1 b ¢ {;J
Define relaxation time of the free electrons
drifting in a conductor. How it is related to the
drift velocity of free electrons? Use this
relation to deduce the expression for the
electrical resistivity of the material.

All India 2012

Find the relation between drift velocity and
relaxation time of charge carriersin a
conductor.

A conductor of length L is connected to a DC
source of emf E. If the length of the conductor
is tripled by stretching it, keeping E constant,
explain how its drift velocity would be
affected. Delhi 2015

(i) Define the term of drift velocity.

(ii) On the basis of electron drift, derive an
expression for resistivity of a conductor in

terms of number density of free electrons
and relaxation time. On what factors does
resistivity of a conductor depend?



29.

30.

3.

(iii) Why alloys like constantan and manganin
are used for making standard resistors?
Delhi 2016

Plot a graph showing temperature dependence
of resistivity for a typical semiconductor. How
is this behaviour explained? Delhi 2011

A conductor of length / is connected to a

DC source of potential V. If the length of the
conductor is tripled by gradually stretching it,
keeping V' constant, how will

(i) drift speed of electrons and

(ii) resistance of the conductor be affected?
Justify your answer. Foreign 2012

(a) Define the term ‘conductivity’ of a metallic
wire. Write its 81 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 E. CBSE 2018

LONG ANSWER Type I1 Question

32.

(i) Derive an expression for drift velocity of
electrons in a conductor. Hence, deduce
Ohm's law.

(ii) A wire whose cross-sectional area is
increasing linearly from its one end to the
others, is connected across a battery of

Vvolts. Which of the following quantities
remain constant in the wire?

(a) Drift speed (b) Current density

(c) Electric current (d) Electric field

Justify your answer. Delhi 2017

NUMERICAL PROBLEMS

33.

341

35.

Two conductors are made of the same material
and have the same length. Conductor Ais a
solid wire of diameter 1 mm. Conductor Bis a
hollow tube of outer diameter 2 mm and inner
diameter 1 mm. Find the ratio of resistance R ,
to Rp. NCERT Exemplar

A wire is stretched to increase its length by 5%.
Calculate percentage change in its resistance.

At room temperature (27°C), the resistance of a
heating element is 100 €. What is the
temperature of the element, if the resistance is
found to be 117 03, given that the temperature

36.

37.

1

coefficient of the material of the resistor is
1.70x 107 Y=, NCERT

A heating element using nichrome connected to
a 230 V supply draws an initial current of 3.2 A
which settles after a few seconds to a steady
value of 2.8 A. What is the steady temperature
of the heating element, if the room temperature
is 27°C? Temperature coefficient of resistance of
nichrome averaged over the temperature range
involved is .70 x 10~ **C™, NCERT

A resistance coil marked 30 is found to have a
true resistance of 3.11542 at 300 K. Calculate the
temperature at which marking is correct.
Temperature coefficient of resistance of the
material of coil is 42x107°°C™". Al India 2014

| HINTS AND SOLUTIONS |

(b) Given, number of electrons,
N = 20000000 = 2 x 10
Total charge on twenty million electrons is
g=Ne
=2x10° x 1 6x107"C
=32x1074C

fre=L6x107"0

Now time taken by twenty million electrons to pass from
point X to point Yist = 2jus = 2% 10™"s
g _32x10™"

==

=16%107° A
t 2w 107"

Since, the direction of the current is always opposite to
the direction of flow of electrons. Therefore due to flow
of electrons from point X to point ¥, the current will
flow from point ¥ to point X

(a) Current dcnsity.}:ri-. I=ne Av, = J=nev,

E
(b} Drift velocity v, =—£—1: =wy=E
m

(a) The relationship between current and drift speed is
given by

I= ne Ay,
Here, ['is the current and v, is the drift velocity.
So, Teey
Thus. only drift velocity determines the current in a
conductor.

5. (c) Resistance, R = |::|L
A

_ M T AT

: [MLATA™Y)
(L7]



6.

10.

12,
13.

14.

15.

25 , sl

¢) Given, |, =l+ —1I=—

(c) b ror iy
Since, volume of wire remains unchanged on increasing

length, hence

Al = Al

=5 i >I<5_|'=‘M or A, =4Af5
1
4
Given, R=pl/A =109 and k, = 2h o P54 _ 2501
A, 4A5 16A
25 250
R =—x10=—=1560
16 16

{d} Resistivity and conductivity of conductor depends on
the nature of substance.

Since, slope of 1> slope of 2

R <R,
Also, we know that resistance is directly proportional to
the temperature.
Therefore, T, > T,.

(i) DE is the region, of negative resistance because the
slope of curve in this part is negative.

(it) BC is the region, where Ohm’s law is obeyed
because in this part, the current varies linearly with
the voltage.

Alloys have small value of temperature coefficient of
resistance with less temperature sensitivity. This keeps
the resistance of wire almost constant even in small
temperature change. Thus, alloy also has high resistivity
for given length and cross-sectional area of conductor.

In silicon, the resistivity increases with decrease in
temperature.

In copper, the resistivity decreases with decrease in
temperature,

Yes, all the free electrons drift in the same direction.

Mobility of charge carriers inside conductor is defined
as the magnitude of drift velocity of charge per unit
electric field applied.

SI unit of mobility is m“s ™'V~ orms~'N7'C.

Relaxation time is inversely proportional to the
velocities of electrons and ions. The applied electric field
produces the insignificant change in velocities of
electrons at the order of 1 mm/s, whereas the change in
temperature T affects velocities at the order of 10* m/s.

This decreases the relaxation time considerably in
metals and consequently resistivity of metal or

1
conductor increases as, p=—= i

T ne't

When an electron approaches a junction, in addition to
the uniform electric field E facing it normally, it keeps
the drift velocity fixed, as drift velocity depends on E by

the relation of drift velocity, v, = EE—T.
m

This results into accumulation of charges on the surface
of wires at the junction. These produce an additional

16.

17.

18.

19.

20.

electric field. These fields change the direction
conserving momentum. Thus, the motion of a charge
junction is not momentum conserving.

The best conductor is silver because electrical
conductivity is inversely proportional to the resistivity
and resistivity of silver is least.

The Cu wires or Al wires are used for wiring in the
home.The main considerations involved in this process
are cost of metal and good conductivity of metal.

Here, Ohm's law is valid because ratio of voltage and
current for different readings is same.

Also, the resistivity of alloy manganin is nearly
independent of temperature.

From Ohm's law, we have V = IR

! ] :
— V—IPI [. R-PI:I-{I}

When the rod is cut parallel and rejoined by length, the
length of the conductor becomes 2 [, whereas the area

A
decrease to ) If the current remains the same, then the

potential changes as

2
V=
EPAIZ

The new potential applied across the metal rod will be
four times the original potential { V).

The potential, V = constant, [' =3I

[using Eq. (i)]

i
=4 x Ih— =4V
JPA

(i) Drift speed of electrons, vy =

nelp

1

Vi [ other factors are constant]

So, when length is tripled, drift velocity gets
one-third,

(ii) Resistance of conductor is R =p%.

Here, wire is stretched to triple its length, that means
the mass of the wire remains same in both conditions.

Before stretching mass = After stretching mass

M =M,
= Vip, = Vyp, [Fl, =P2]
or Al =Al
Since, length is tripled after stretching.
Al=A,030 or A, =%
Hence, R’=p-L =p-£-—=a99—f = R'=9R
A’ Al A

Thus, new resistance is 9 times of its original value.

21, Refer to text on page 130.
22, (i) Resistivity is a property of the material, it does not

depend on the dimensions of the wire. Thus, when the
wire is stretched, then its resistivity remains same.

{ii) Refer to text on page 129.

23. Refer to text on page 128



24. Refer to text on pages 128 and 129. =9p z =9R

25. (i) Refer to text on page 127. A

(ii) Area under /-t curve on f-axis is charge flowing
through the conductor.

Thus, new resistance will be 9 times of its original
value.
31. (a) Conductivity The reciprocal of resistivity of a

1
O= Exr, I +(ty—1;)=1, conductor is known as conductivity. It is expressed as

1
26. Refer to text on pages 127 and 128, Ha= E

Z7. Refer to text on page 127. The 51 unit of conductivity is mho per metre

Source of emf E is shown in the [ Conducior ] (Q7'm™).
fi bel _
gure beaw i (b) We know that, drift velocity is given by

Suppose initial length of the | I ) eEt
conductor, L, = I,. 2 Yy = — e ]
m

I 1 . =3
ew length, [, =3[, where, e = electric charge,

E"ﬁh“’l‘” tat, . e B electic el £ = applied electric field,
ve{zm;:}r, ""EE‘ ) 0 [where, E, = electric field] T=relaxation time and m =mass of electron.
o _f o i
Thus, _{v‘ y = —"r—{E 5 But E =$ (i.e. potential gradient)
Efly _1_14 1 {e:][v] -
S ——T e T e = = it =l — —_ o | |
Efd, 1 3l, 3 TAm)li
(ve )i From the relation between current and drift velocity,
= )y I=nedv, i)

{where, n = number of density of electrons)
Putting the value of Eq. (i) in Eq. (iii), we get

z
J'=neA[£) er I= nE AL Vv
mi mi

Thus, drift velocity decreases three times.

28. (i) Refer to text on page 126.
(ii) Refer to text on pages 127, 128 and 129.
(iii) Alloys like constantan and manganin are used for

making standard resistor because the resistivity of l
these alloys here weak dependent on the temperature. or Vs ( . ) I .. {iv)
29, Refer to text on pages 129 and 130, ne" At
30. When a wire is stretched, then there is no change in the But according to Ohm’s law, V = IR - {¥)
matter of the wire, hence its volume remains constant. From Eqgs. {iv) and (v). we get
The potential V' = constant, [ =SJ' R [ n; ] i )
(i) Drift speed of electrons = ne't/ A
nelp /
1 Also, R=p— «es (v}
Voes = [+ other factors are constants) A

i
50, when length is tripled, drift velocity gets
one-third.
Vi=V,
Ado= Al
Al=A, (3
= [ lengthis tripled after stretching]
=2
A= :
i.e. When length is tripled area of cross-section is

reduced to —.
3

r
H R=p—=
ence, P,q' p

W e

From Egs. (vi) and (vii), we get

p= "; = resistivity of conductor.

ne't
As reciprocal of resistivity of conductor is known as
conductivity.

ne’t

Conductivity, @ = 3
p m

Now, we know that, current density, J= i
A

eA e 15
or J= - A‘u’ = nevy =[ne ] E [ Yy =£—)
m

j =0k [G = "fzt)




32. (i) Refer to text on pages 126, 127 and 128.
(ii) The setup is shown in the figure.
Here, electric current remains
constant throughout the length
of the wire. Electric field also
remains constant which is equal |

v
to -‘-,-
1
Current density and hence drift speed changes.
pl

33. The resistance of first conductor, R, = ———
(0.5 x 107%)?

The resistance of second conductor,

. p!

T rl(107) - (05 x 107°)]

Now, the ratio of two resistors is given by
R, _ (1073 = (05x 107%)*

Ry

31
Ry (0.5% 107
34. When a wire is stretched, its volume remains constant,
hence
LA, =1LLA,=V [where, V = volume]
ph _phxl _pk . 2
Now, === ie. R =<
R A LA % Bieh
2
» (1, T
Hence, 2% =-%= —120—- 1.1025
R I Iy
R, X
= =11025 ()
R,

~. % Change in resistance = -R’—R_-ﬁx 100
1

- [%—1]“00 = (1.1025—1) x 100 [from Eq. (i)

=10.25%

35. Given, resistance of heating element at temperature
27 o C. R” =100 Q

Resistance of heating element at temperature t°C,
R =117Q
a=170 x 10°'°C™" t=?

By using the formula of temperature coefficient of

resistance, 0= —=— (1)
Rl ('z -t,)
Here, R,=R, Ri=Ry,, t,=tand t,=27°C
Such that, o= M
Substituting given values in Eq. (i), we get
170 x10” ¢ -_-Mor t—27 =#
100 (t — 27) 100%1.70x10™"

or t =1000 + 27 =1027 °C
36. Given, potential difference = 230 V
Initial current at 27°C = Inuc =32A
Final current at t°C = I,.c = 28 A
Room temperature =27 °C
Temperature coefficient of resistance, o =1.70 x 107* °C™
Vv < _23_0= 2300 Q
Iyee 32 32
Vv 230 _ 2300

Resistance at t°C, A o 8 s £ i £}
Rrec Tg: 128 28

Temperature coefficient of resistance

Resistance at 27 °C, Ry =

2300 2300
a="FRa__ 1 70x104= o
32
& t—27= 82,143 71.875- - =840347
71.875X1.70 x10
or t = 8403+ 27 =8673°C
Thus, the steady temperature of heating element is
867.3°C.

37. 290.2K, refer to Sol. of Q. 35.



| TOPIC 2|
Electrical Energy

ELECTRICAL ENERGY
AND POWER

Electrical Energy
It is defined as the total work done W by the source of emf

Vin maintaining the electric current £ in the given circuit

for a sp:ciﬁcd time .

Arcarding to Ohm's law, we have
V=IR
Total charge that crosses the resistor is given by g = Ir
Energy gained is given by
E=W=Vg=V (In=Vh
=[IRIt=1"R¢

{45

VI
NE=VIe=1 Rr=—1
R

The SI unit of electrical energy is jnulc (Jl,

where, 1 joule =1 volt % 1 ampere % 1sec =1 wart X 1sec

Commercial Unit of Electrical Energy

To measure the electrical energy consumed commercially,
the unit of energy, i.c. joule is not sufficient. So, to express
clectrical energy consumed commercially, a special unit
called kilowatt hour is used in pl:;l:c nFjuu]c.

1kWh is also called 1 unit of electrical energy. 1 kilowartt
hour or 1 unit of electrical energy is the amount of energy
di.ssipatcd in 1 hour in a circuit, when the electric power in
the circuit is 1 kilowarr.

1 kilowatt hour (kWh) = 3.6 % 10° joule ( ] )

EXAMPLE |1] A resistance coil is made by joining in
parallel two resistances each of 10 2. An emf of 1V is
applied between the two ends of coil for 5 min. Calculate
the heat produced in calories.

Sol. Given, resistance, f, =100}, R, =100

Voltage, V =1V

and time, t =5 min
=5x60s5 =300s
Since, effective resistance in parallel combination will be

R 1010
Rﬂ =L=_=5ﬂ
R +R, 10+10
2 2
' =1—>(5Kfv|]= ﬂ:i-ijfﬂl
42

2 Heat produced =
s 5

Electrical Power
It is defined as the rate of electrical energy supplied per unit
time to maintain fow of electric current thmugh a
conductor.

i B
Ma[hcmalica”y. P=VI=I"R =?

The SI unit of power is watt (W),

where, 1 watt =1volt % lampere =1 :-lmprrc-vnlr.

Power of an electric circuit is said to be one wartt, if one
ampere current flows in it against a potential difference of
one volt. The biggcr units of elecerical power are kilowart

(kW) and megawatt (MW).
where, 1kW= 1000 W and 1 MW =10°W

Commercial unit of electrical power is horse power (HP),

where IHP =746 W,

EXAMPLE |2| A heating element is marked 210 V,
630 W. What is the value of the current drawn by the
element when connected to a 210 V DC source?

Delhi 2013
Sol. Given, P=630W and V = 210V
Since, P=VT
Therefore, I = i = ﬂ =13
vV 210

TOPIC PRACTICE 2 |

OBJECTIVE Type Questions

I. Atelevision of 200 W is used for 4h, then what
is the value unit expense of electricity?
(a) 50 {b) 20 (c) 0.8 (d)0.2

2. Two bulbs of 40W and 60W are connected to
220V line, the ratio of resistance will be

(a)4:3 (b)3:4 {c) 2:3 (d)3:2



3. A 100 W-220 V bulb is connected to a supply of
110 V. The power dissipated in the bulb will be
(a) 100 W (b) 50 W
(c) 25 W (d)2w

VERY SHORT ANSWER Type Questions

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. All India 2017

5. Name the unit of electric energy used for
domestic purpose.

6. What is the commercial unit of electrical energy
and how is it related to joules?

SHORT ANSWER Type Questions

7. 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? All India 2017

8. Power P is to be delivered to a device via
transmission cables having resistance R,. If V is
the voltage across R and I the current through
it, find the power wasted and how can it be
reduced. NCERT Exemplar

9. When is more power delivered to a light
bulb, just after it is turned on and the glow of
the filament is increasing or after it has been
ON for a few seconds and the glow is steady?

10. Two electric bulbs Pand 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.

CBSE 2018

NUMERICAL PROBLEMS

1. Two bars of radius r and 2r are kept in contact
as shown in the figure. An electric current [ is
passed through the bars. Find the ratio of heat
produced in bars AB and BC.

I = e (2 et
............................. : o s [

c

A B8

12. In an aluminium (Al) bar of
square cross section, a
square hole is drilled and is
filled with iron (Fe) as
shown in the figure. The
electrical resistivities of Al
and Fe are 2.7x 107 Q-m
and 10 x 10~ Q-m,

respectively. i P

Calculate the electrical resistance between the
two faces P and O of the composite bar.

13. Aroom has AC run for 5 hour a day at a voltage
of 220 V. The wiring of the room consists of Cu
of 1 mm radius and a length of 10 m. Power
consumption per day is 10 commercial units.
What fraction of it goes in the joule heating in
wires? What would happen, if the wiring is
made of aluminium of the same dimensions?
[Given, pe, = 17x 1078 Q-m, py = 27x 10" Q-m]

NCERT Exemplar

HINTS AND SOLUTIONS

1. (c) Dissipated energy in per second,

W
P=—
'y
W=Pxt
where, P=200W,t=4h
= W = 200x4W-h
Unit of dissipated energy
_ watt x hours
1000
i 200 4 =08 unit
1000

2

2. (d) Power, P = KR-

Given, F, =40 W, P, =60W

2

40= V— ...(1)
R,
2
and 60 = V— ..(11)
R,

On dividing Eq. (i) by Eq. (ii), we get
ﬂ=& or &-3—3:2

60 R R, 2



10.

2
{b}ﬁswekuaw.P:% oarP=Vx]

100 10
For 100 W bulb, 100=220x] = |=—=—A
220 22

Hence, the power dissipated for 100W bulb will be
P= VXI;IH]XE' =50 W
22

For same length and same radius, resistance of wire,
R=p (where p is resistivity)

As Prichiome = Peopper

Hence, resistance of nichrome section is more.

In series, same current flows through both sections and

heat produced = I* Rt. So, more heat is produced in

nichrome section of wire.

The unit of electric energy used for domestic purpose is

kilowatt hour (kWh). It is also called commercial unit of

electric energy.

. The commercial unit of electrical energy is kilowatt

hour (KWh).
1kWh = 36x10"]

2

Heat produced per second = ['R= 3

S0, when voltage is made three times, then heat
produced increase nine times for same B
The power consumption in transmission lines is given
by P=i R, where R_ is the resistance of transmission
lines. The power is givenby FP= VL
The given power can be transmitted in two ways namely
{i} At low voltage and high current,
(ii) At high voltage and low current,
In power transmission at low voltage and high
current, more power is wasted as P = i*, whereas

power transmission at high voltage and low current
facilitates the power transmission with minimum
power wastage. Thus, power wastage can be reduced
by transmitting power at high voltage.

. When the bulb is turned ON, the resistance of the

filament is low, the current is high and a relatively large
amount of power is delivered to the bulb.

As the filament warmup, its resistance increases and the
current decreases. As a result, power delivered to bulb
decreases.

Given, ﬁ = %
Ry =2R; e {1}

?

=) o

1L

12

13.

In series, power dissipated is given by the relation
P=I'R
or P=R
E_E

. (ki)
fo R

Using Eqgs. (i) and (ii), we get

B
P, 2R, 2

Current flowing through both the bars is equal.
MNow, the heat produced is given by

E=I'Rt
E«R
Ew _ Ry _(720) [—R.:L;,_]
Ege Rge (1R A r
_1
1

Resistance between the two faces Pand Q of the
composite bar is given by

g 1 .. q [AN Aﬁ]l
——t—= | AL T
R Ry Ry, Py Pr !
1 |7 -2 2% |w 1
=3 — | — o — | — N ——
R 27 10 [16™®* sox1w07
1875 _4 1875
Re—xI0"" ] =—
64 64 k4

Power consumption in a day, i.e. in 5 h = 10 units

or power consumption per hour = 2 units
or power consumption = 2 units = 2kW = 2000 | fs
Also, we know that, power consumption in resistor,

P=V=x] = 2000W=220Vx]I
or I=9A
Mow, the resistance of wire is given by R=p L

A

where, A is cross-sectional area of conductor.
Power consumption in first current carrying wire is
givenby P = I*R
L—d #* 81 J.I'IS =4 J.IrS
T x10
The fractional loss due to the joule heating in first wire

=po‘ =17 x 107 x
A

* 100 = 0.2%

2000

Power loss in aluminium wire = 4 2AL = 16x 4= 6.4 s

wire

p('.u
The fractional loss due to the joule heating in second
= —6—4— X100 = 032%
2000



| TOPIC 3|

Cells, EMF and Internal Resistance

CELLS

An electric cell is a source of energy that maintains a
continuous flow of charge in a crcuit. Electric cell changes
chemical energy into electrical cnergy.

Electromotive Force (EMF)
of a Cell (E)

Electric cell has to do some work in maintaining the current
rhruugh a circuit. The work done h}r the cell in moving unit
positive chargc thruugh the whole circuit {inc|ud.ing the cell)
is called the electromotive force (emf) of the cell.

If during the flow of g coulomb of charge in an electric
circuit, the work done b]r the cell is W, then

emf of the cell, | E = E

i

Its unit is joule/coulomb or volt.

If W=1 joule and g=1 coulomb, then E = 1 volg, i.e. if in
the flow of 1 coulomb of charge, the work done by the cell is
1 joule, then the emf of the cell is 1 volt.

Internal Resistance (r)

Internal resistance of a cell is defined as the resistance offered
by the electrolyte of the cell to the Aow of current through it.
It is denoted by r. Its unit is ohm.
Internal resistance of a cell dcp:nl:ls on the followi ng factors
(i) Itis directly proportional to the separation between the
two plates of the cell.
(1) Itis invcrs::l}' pmpurticmﬂ to arca of platc dipp:d nto
the electrolyte.
(111) It dl:p:n:ls on the nature, concentration and
temperature of the r:l:ctml}rtc and increases with
increase in concentration.

Terminal Potential Difference (V)

Terminal pntcntial difference of a cell is defined as the
potential difference between the two terminals of the cell ina
closed circuirt (i.e. when current is drawn from the cell). Icis

r:prcs:ntcd hy ¥ and its unit is volt.

Terminal potential difference of a cell is always less than
the emf of the cell. In closed circuit, the current flows
thrﬂ-ugh the circuit including the cell, due to internal
resistance of the cell there is some fall of potential. This is
the amount of potental by which the terminal porential
difference is less than the emf of the cell.

Relation between Terminal Potential
Difference, emf of a Cell and Internal
Resistance of a Cell

(i) If no current is drawn from the cell, i.e. the cell is in
open circuit, so emf of the cell will be cqua] to the
terminal pm::ntial difference of the cell.

R
VAN

.
—JW

=0 or V=E
(i1) Consider a cell of emf E and internal resistance ris
connected across an external resistance K.
Current drawn from the cell,
F

!=R+r svakd)

where, E = emf of the cell,
R = external resistance

and r = internal resistance of a cell.
Now, from Ohm's law, V = IR
V i
= = = vl
From Egs. (i) and (ii), we get
V_E
e R+r

From definition of terminal potential difference,

VeE=Ir



(@

w# Charging of a Cell

| During charging of a cell, the positive terminal (electrode) of
the cell is connected to positive terminal of battery charger and
negative terminal (electrode) of the cell is connected to

negative terminal of battery charger. In this process, current
flows from positive electrode to negative electrode of the cell.

From the given figure, V=E+1Ir
1
-+ I=
I Charger I
{1
E

Thus, the terminal potential difference of a cell becomes
greater than the emf of the cell.

The potential drop across internal resistance of the cell is
called lost voltage, as it is not indicated by a voltmeter. Its
value is equal to Ir.

Difference between EMF and Terminal
Potential Difference of a Cell

S.Ma. EMF Terminal potential
difference
t The emt of a cell is the The terminal potential
masimum potential difference of a cell is the
difference between the potential difference

two electrodes (terminals)  between the two terminals
of a cell, when the cell is of the cell in a closed

in the open circuit. circuit.

2. Itis independent of the It depends upon the
resistance of the circuit resistance of the circuit
and depends upon the and current flowing through
nature of electrodes and it.
electrolyte of the ceil.

3. The term emf is used for The potential difference is
the source of electric measured between any two
current. points of the electric circuit.

4. The emf is a cause. The potential ditference is

an effect.

EXAMPLE |1| The reading on a high resistance
voltmeter, when a cell is connected across it, is 2.2 V.
When the terminals of the cell are connected to a
resistance of 5 £} as shown in figure given below, the
voltmeter reading drops to 1.8 V. Find the internal
resistance of the cell.

70

A=5 0 K
Sol. Given,emf, E=22V
Terminal potential difference, V=18V

External resistance, R =582
. Internal resistance,

r=[E—V]R =[2.2—1.3Jx5
v 18

10
=== f}
9

EXAMPLE |2| A cell of emf E and internal resistance r
gives a current of 0.5 A with an external resistance of 12
and a current of 0.25 A with an external resistance of

25 0. Calculate the

(i) internal resistance of the cell (i) emf of the cell.

Sol. Let R be external resistance in series with the cell of emf

E and internal resistance r. The current in circuit is

Is E
R+r
Cazel [=05A R=1210 then
05 = E
124+r
= E=05(12+r)
=5 E = ab+05r
Casell | =025A,R= 25(), then
025 = E
25+r
= E=025(25+r)
— ] E =625+0.25r

From Eqs. (i) and (ii), we get
Gl+05 r=625+025r
= r=10
From Eq. (i), we get
E=aD+05%(1)=65V
Hence, (i) internal resistance of the cell is1 £2.
(ii) emf of the cell is 6.5 V.

CELLS IN SERIES AND
PARALLEL

Cells in Series

In this combinaton, » identcal cells each of emf £ and
internal resistance r are connected in series o the external

resistance & as shown in the ﬁgu.rc.

n cells
Ey E E E,

-]

D

i)

Points to remember for series combination of cells

(i} The equivalent emf of a series combination of n cells

is equal to the sum of their individual emfs.



(11) The l:quivalcnt internal resistance of a series
combination of n cells is equal o sum of their
individual internal resistances.

Equivalent emf of n cells in series,

Em =E, + E, +...+ upto nterms = nE
Equi\ralcnt internal resistance of » cells in series,
Feq =T + ryt.. .+ upto n terms = nr

Total resistance of the circuit = nr+ R

. Current in the resistance R is given by

v nE
R+nr

where, » = number of cells,
r = internal resistance,
R = external resistance,
E = emf of cell.
I = current flowing.
When & << nr, then

and
Case |
I= 2 current due to a single cell
r

Case Il When R >> nr, then

" : ’
! =—= n times the current due o a single

cell

Case I1l When cells are of different emfs and different
internal resistances, then

_ E,+E;, +..+E,
TR+(p tnt.tr)

Note The maximum cuwrent can be drawn from the seres
combination of cells, if the value of external resistance is very high as
compared fo the fotal internal resistance of the cells.

Cells in Parallel

In this combination, m cells each of emf £ and internal
resistance r are connected in pa.ra]]tl the external resistance
R as shown in the figure.

Er

Er

Er

Points to remember for parallel combination of cells
(i) The cquiva]cnr emfof parallcl combination of cells of
same emfs is equal to emf of one cell.

(i) The reciprocal of equivalent internal resistance of
para“t[ combination of cells is cqu'al to the sum of the
r:cipracals of the internal resistance of each cell,

1 1 1 m r
Jo=—==—%—++ ... upto m terms = — or rp = —
J'F n Fa r L

As, R and r, are in series, so total resistance in the

il 2 r
circuit= K+ —
m

In parallel combination of identical cells, the effective emf
in the circuirt is :qual to the emfdue o a sing|c cell, because
in this combination, nnl:..r the size of the electrodes increases

bur not emf.

. Current in the resistance R is given by

Casel When B >> L , then
"

/= —=currenr due o a single cell

When R-:-ci,then = £

m rim

Case Il
mE

¥

When cells are of same emf and
different internal resistances, then

E
I= wE =F,=.F =
R+r [ ' = +=E]

=m rimes current due to a single cell

Case 111

1 1 1 1 )
where, —=—+4—+—+ ... +—and F i5s emf
r

&

r n n § n
of each cell.
Mote The maximum cuwrent can be drawn from the paraliel

combination of cells, if the external resistance is very low as
compared to the total internal resistance of the cells.

EXAMPLE |3| Two identical cells, when joined together
in series or in parallel give the same current, when
connected to external resistance of 2 Q. Find the internal

resistance of each cell.
Sol. Let E, r be the emf and internal resistance of each cell.

External resistance, R = 20}



If two cells are connected in series, then
Total emf of cells = E + E = 2E
Total resistance of circuit= R+r+r=2+2r
2E
2+ 2r

If two cells are connected in parallel, effective emf of two
cells = emf of single cell = E

Current in the circuit, I, =

Total internal resistance of two cells = Liaks

_F
2

Total resistance of the circuit = R +i = 2+i
2 2

E 2E
Current in the circuit, [, = =
34 r 44T

As per question, [, = I,

2E 2E

= =
242r 4d+4r
= 242r=d+r
r= 20}

EXAMPLE |4]| When 14 cells in series, are connected to
the ends of a resistance of 82.6 £, then the current is
found to be 0.25A. When same cells after being connected
in parallel are joined to the ends of a resistance of 0.05302,
then the current is 25A. Calculate the internal resistance
and the emf of each cell.
Sol. Let E and r be the emf and internal resistance of each

cell,

Casel When the cells are in series.

Total emf of cells = 14E

Total resistance of circuit = 826 + 14r

- Current in the circuit is given by

14 E
B26+14r
Casell When the cells are in parallel.
Total emf of cells= E

=0254A ()

Total resistance of circuit = [].053+L
14

~ Current in the circuit is given by

EE—— i)

0053+ —
14

Dividing Eq. (i) by Eq. (ii), we get

r
[m53 ¥ H]
4=

(826+14r)

14 X 0053+ r

W e,
14

= 14 ®10° = 826+ 14r

= 533x14 +100r = 826+ 14r

Solving, we get
r=00970) =010)
Substituting the value of r in Eq. (i), we get
E =15V

Mixed Combination of Cells

In this combinarion, some cells are connected in series and
some cells are connected in parallel as shown in the figure.
Letr there be » cells in series in

n cells

one row and m rows of cells are E.rE,r Er
in parallel. —I }—| prmmm e 't F
Suppose  all the cells are ‘ E.rEr E,.r
identical. Let each cell be of emf g _‘ |—| prmm———- { —
and internal resistance r. g
Equivalent emf of cach row \ “"I:j_r_ _E_r_ ______ _E_:

— B
Equivalent internal
resistance of cach row =nr __.‘.E‘._.‘

Toral emf of combination = nF

Tortal internal resistance of combinadion,

1 1 i
— = —+ —+... upto m tumes
r' omr ar

1 m , nr
—=— =
*

r’omr

. El - n
Toral resistance of the circuit =r'+R=—+ R
m

Current in the resistance ® is given h}r

Thus, we get the maximum current in mixed grouping of
cells, if the value of external resistance is equal 1o the roral
internal resistance of all the cells, i.e. external resistance =

total internal resistance of all the cells [R = E]

m

EXAMPLE |5] 36 cells, each of internal resistance
0.5 £ and emf 1.5 V each are used to send current through
an external circuit of 2 0 resistance. Find the best mode of
grouping them and the current through the external
circuit.
Sol. Here, E=15V,r=051), R=210)
Total number of cells, mn= 36 ..i)
For maximum current in the mixed grouping,

nr
— =R
m



= =2 ... (ii)

Multiplying Eqs. (i) and (ii), we get
05n° =72 = n’ =144

n=12
and m=£=3
12

Thus, for maximum current, there should be three rows
in parallel, each containing 12 cells in series.
mnE _ 36x15

mR+nr_3><2+12x05

=45A

.~ Maximum current =

EXAMPLE |6] 12 cells, each

of emf 1.5 V and internal

resistance of 0.5 £, are !

arranged in m rows each

containing n cells connected in : :

series, as shown in the figure. tod ||.I| ........ |I ........ ;

Calculate the values of nand m  (n cells in each row)

for which this combination

would send maximum current through an external

resistance of 1.5 Q.

Sol. For maximum current through the external resistance,
external resistance = total internal resistance of cells

or R=£
m
x 05
15 BN [~ mn=12)
12
n
or 36=n"

n=6andm=2

COMBINATION OF TWO CELLS
IN SERIES AND PARALLEL
(WITH DIFFERENT EMFS AND

INTERNAL RESISTANCES)

Two Cells in Series

The two cells are said to be connected in series between two
points A and C, when negative terminal of one cell is
connected to positive terminal of other cell as shown in the
Fig. (a).

Let E,, E, be the emfs of the two cells and r,, , be their
internal resistances, respectively. Let the two cells be
sending the current in a circuit shown in the Fig. (a) and
(b). Let V ,, Vz and V- be the potentials at points A, B and
C and 7 be the current flowing through them.

Es E,
I N
AT l,: B I 1;2 I C
e
L
A 1 o 1 c
()

Potential difference berween positive and negative terminals
of the first cell is given by

Vi =Vy=Vy=E, ~In (D)
Potential difference between positive and negative terminals
of second cell is given by

Ve =Vg = Ve =E,=Ir; ..
Potential difference between A and C of the series
combination of the two cells is given by
Vac=V=Vc

=V, =Ve)+ (Vg =Ve)

=(E, =In)+(E,=Iry)

=(E\+E))=1(n+nr) ...(ii1)
If the series combination of two cells is replaced by single

cell between A and C of emf £, and internal resistance Tea
as shown in the Fig. (b), then

VAC=E“‘-lr“‘ ...(iv)
Comparing Eqs. (iii) and (iv), we get

Ey=E +E, we(v)
and Tq=n+n oou(vi)

If n cells of emfs E, E, ... E, and of internal resistances
TisTaseenn T, Tespectively, are connected in series between
points A and C, then equivalent emf is given by

Ep=Ey+E#,.+E
(Eq=Eit 5yt +E,]

Equivalent internal resistance of the cells is given by

[req =n+n +...+r~]

That in the series combination of two cells, if negative
terminal of first cell is connected to the negative terminal of
the second cell between points A and C, as shown in the
Fig. (c), then E, £

1 ll
AII' B ol e

n (©)

Vo Vg~V m—E,~lIr;
Then, equivalent emf of the two cells is £, = E, - F,

Bur equivalent internal resistance is 7, =r, +7,.



EXAMPLE |7| In the circuit shown in figure,

E, =10V, E,=4V,1,=r,=1QandR=2 Q.

Find the potential difference across battery 1 and
battery 2.

Ei E

s [
Yy Va
1
R

Total resistance of the circuit = R+, +r, =4 Q

. Current in the circuit, [ = -&=2= 15A
Total resistance 3

Now, Vi=E, —In=10-(15)(1)=85V

and V,=E,+Ir, =4+ (15)(1)=55V

Two Cells in Parallel

The two cells are said to be connected in parallel between
two points A and C, when positive terminal of cach cell is
connected to one point and negative terminal of cach cell is
connected to the other point as shown in the Fig. (a).

Ey

Let the two cells be sending the current in a circuit shown in
Figs. (a) and (b). Let £, E, be the emfs of the two cells and
1,y be their internal resistances, respectively.

Let 1,,7, be the currents from the two cells flowing
towards point B, and / be the current flowing out of B,,
then

across the terminals of the second cell.
So, for the first cell,
E, =V

n

Vis given by V=V5| =Vy, =E =Iinorl =

For the second cell, V =Vy =V =E, =1,
E,=-V

L]

or 12 =
Substituting values in Eq. (i), we get
TRATY
I= +|—
1 n
E, E
{55y
. n non

_ Ery+ E,n V(rl +"1)

nr

- [V=51’1+Ez’1

nr

I'nr,
ntr,

If the parallel combination of cells is replaced by a single cell
between By and B, of emf £ and internal resistance 7.,

[Fig. (b)], then

...(ii)

ntn

V=E_ -Ir, ... (iii)
Comparing Egs. (ii) and (iii), we get
Eo =M o (iv)
nt+r
and T = 1 ON V)
ot
+
= L=u=l+l ...(Vi)
Fa S T

Dividing Eq. (iv) by Eq.(v), we get
Eq_EntEn B E
r,q nn n r
If # cells of emfs E, E,,..., E, and internal resistances

7ys T3y -er T, are connected in parallel, whose equivalent emf
is E, and equivalent internal resistance is 7, , then

B B B

1 1 1 1
_=_+_+__.+_and_¢q=_l+_2+".+_"
Tq N TN v Teq n ry 7,

If the two cells are connected in parallel and are of the same
emf E and same internal resistance 7, then

_ : Er+E
I=1+1, 0 From Eq. (iv), Eg=———=E
Let Vi .Vp, be the potentials at points B, and B,, e
respectively and V' be the porental difference berween P e U R i
B, and B,. Here, the potential difference across the From Eq. (vi), = _r+ e = Ty = 2
ﬁ!

terminals of firse cell is uqual to the pﬂtr:ntial difference



EXAMPLE |8| Find the emf (V) and internal resistance
(r) of a single battery which is equivalent to a parallel
combination of two batteries of emfs ¥, and V, and internal
resistances r, and r,respectively, with polarities as shown in

figure
!2 Vz
+ —
A B
I v,
Sol. (i) Equivalent emf (V) of the battery
Potential difference across the terminals of the

battery is equal to its emf when current drawn from
the battery is zero. In the given circuit,

i=0 | n v, i=0
: ——— A ——]
! i
o——@—- e
A 5 B
’ h v,
e AW ] | i

Current in the internal circuit,
= Net emf _WVB+V,
Total resistance  r +r,

Therefore, potential difference between A and B
would be
Vi=Vy=V,—ig
=V, _[V, +V2Jr i Vi, = Var
htn h+h

So, the equivalent emf of the battery is

V= Vi, — Vony

htn
Note that, if Vir,=V,,:V =0
If Vir, > V,r, : V, — Vi = positive, i.e. A side of the
equivalent battery will become the positive terminal
and vice-versa.
(if) Internal resistance (r) of the battery

nand r, are in parallel. Therefore, the internal
resistance r will be given by

1 1 1

o B e o
r n n
- Bh

h+n

TOPIC PRACTICE 3 |

OBJECTIVE Type Questions

L

The internal resistance of a 2.1 V cell which
gives a current of 0.2 A through a resistance of
10Qis NEET 2013

(a)02Q (b)05Q (c) 08 Q (d)1.0Q

The cell has an emf of 2V and the internal
resistance of this cell is 0.1 €, it is connected to
resistance of 3.9 Q, the voltage across the cell
will be

(a) 195V (b) 15V (c) 2V (d) 18V

Electromotive force of primary cell is 2.4 V.
When cell is short circuited, then current
becomes 4 A. Internal resistance of cell is
(a)60Q2 (b)L2Q

(c)4Q (d)0.6Q

Two batteries of emf ¢, and &,, (¢, >¢;) and

internal resistances r, and r, respectively are
connected in parallel as shown in figure.
&

NCERT Exemplar
(a) Two equivalent emf €., of the two cells is between
€ andeg,, ie g < £, <E,
(b) The equivalent emf €., is smaller than €,
(c) The g, is given by £, =€, +&, always
(d) €. is independent of internal resistances r, and r,

VERY SHORT ANSWER Type Questions

5.

6.

7.

8.

The emf of a cell is always greater than its
terminal voltage. Why? Delhi 2013

A cell of emf E and internal resistance r is
connected across an external resistance R. Plot
a graph showing the variation of potential

difference across R,V versus R. NCERT Exemplar

Write any two factors on which internal
resistance of a cell depends. All India 2013

A cell of emf E and internal resistance ris
connected across a variable load resistor R.



Draw the plots of the terminal voltage V
versus (i) resistance R and

(ii) current I. All India 2015

9. Acell of emf E and internal resistance r is
connected across a variable resistor K. Plot a
graph showing variation of terminal voltage

V of the cell versus the current I. Using the
plot, show how the emf of the cell and its
internal resistance can be determined.

All India 2014

10. Two identical cells, each of emf E, having
negligible internal resistance are connected
in parallel with each other across an
external resistance R. What is the current

through this resistance? All India 2013

11. Which of the two emf E or potential
difference V of a cell, is greater and by how
much?

SHORT ANSWER Type Questions

12. First a set of n equal resistors of R each are
connected in series to a battery of emf E and
internal resistance R and current [ is
observed to flow. Then, the resistors are
connected in parallel to the same battery.

It is observed that the current is increased
10 times. What is n? NCERT Exemplar

13. Write the relation between emf and
potential difference for a cell. What are their
respective units?

14. What is the difference between the values of
potential difference across the two terminals
of a cell is an open circuit and closed

circuit?

15. Acell of emf E and internal resistance r is
connected across a variable resistor R. Plot a

graph showing the variation of terminal

potential V with resistance R. Predict from
the graph, the condition under which V
becomes equal to E. Delhi 2009

16.

Alow voltage supply from which one needs
high currents must have very low internal
resistance. Why?

17. A10V cell of negligible internal resistance is
connected in parallel across a battery of emf

200 V and internal resistance 38 £2 as shown

in the figure. Find the value of current in the
circuit. CBSE 2018

e
200V a8 0

LONG ANSWER Type [ Questions

18.

=

20.

Two cells of emf E, and E,; and internal resistances

r; and r; respectively, are connected in parallel as
shown in the figure.
E}. f‘

Ea . ra

Deduce the expressions for
(i) the equivalent emf of the combination.
(ii) the equivalent resistance of the combination.
(iii) the potential difference between the points A
and B. Foreign 2010

Which type of combination of cells is used in the
following three cases.
(i) If the external resistance is much larger than

the total internal resistance?

(ii) If the external resistance is much smaller than
the total internal resistance?

(iii) If the external resistance is equal to the total
internal resistance?

What do you mean by terminal potential difference
of a cell? Under what conditions will the terminal
potential difference of a cell be greater than its
emf?

LONG ANSWER Type I1 Question

21.

(i) The emf of a cell is always greater than its
terminal voltage. Why? Give reason.

(ii) Plot a graph showing the variation of terminal
potential difference across a cell of emf E and
internal resistance r with current drawn from it.
Using this graph, how does one determine the
emf of the cell?

(iii) Three cells of emf E,2E and 5E having internal

resistances r, 2r and 3r, variable resistance R as
shown in the figure. Find the expression for the



current. Plot a graph for variation of current

with R-
o

Er 5E & 2E

NUMERICAL PROBLEMS

22.

23.

24.

28.

26.

A battery of emf 10 V and internal resistance 3 {2

is connected to a resistor. If the current in the

circuit is 0.5 A, what is the resistance of

resistor? What is the terminal voltage of the

battery when the circuit is closed? NCERT
T -

The reading on a high -

resistance voltmeter, when a "E"
[z
| I

cell is connected across it, is s
2.2 V. When the terminals of
the cell are also connected to
a resistance of 52 as shown
in the circuit, the voltmeter reading drops to
1.8 V. Find the internal resistance of the cell.

All India 2013

AT

It is found that when R =4 Q, the current is 1 A

and when R is increased to 9 ), the current
reduces to 0.5 A. Find the values of the emf E
and internal resistance r. All India 2015

In the figure shown, an ammeter 4 and a
resistor of 4 {1 are connected to the terminals of
the source. The emf of the source is 12 V having
an internal resistance of 2 £). Calculate the
voltmeter and ammeter readings.

Al
Red 2

All India 2017

A battery of emf 12 V and internal resistance 2 0

is connected to a 4 Q resistor as shown in

the figure.

(i) Show that a voltmeter when placed across
the cell and across the resistor, in turn, gives
the same reading.

27.

28.

L

2

(ii) To record the voltage and the current in the
circuit, why is voltmeter placed in parallel
and ammeter in series in the circuit?

All India 2016

A 10 V battery of negligible internal resistance is
connected across a 200 V battery and a
resistance of 38 2 as shown in the figure. Find
the value of the current in the circuit. Delhi 2013

(i) Six lead-acid type of secondary cells each of
emf 2V and internal resistance 0.015 0 are
joined in series to provide a supply to a
resistance of 8.5 What are the current
drawn from the supply and its terminal
voltage?

(ii) A secondary cell after long use has an emf of
19V and a large internal resistance of 380 0.
What maximum current can be drawn from
the cell?

Could the cell drive the starting motor of a
car? NCERT

HINTS AND SOLUTIONS

E
R+r
or E=I(R+r)
21=02(10+r)

(b) As, I =

1U+r=£x1l}
2

r=105-10=05Q
(@)

V=E—ir
where, ris the internal resistance.
Also, currenti=

R+r

=5 V=E- E r
R+r




1

12vi'za ?
AV

Re=d 0 All India 2017

26. Abattery of emf 12 V and internal resistance 2 Q
is connected to a 4 Q resistor as shown in
the figure.

(i) Show that a voltmeter when placed across
the cell and across the resistor, in turn, gives
the same reading.

II2VJ.2Q|
|+

4Q

V=E-ir
where, r is the internal resistance.

Also, currenti=

R+r

=3 V=E- & r
R+r

Putting numerical values, we have
E=2V, r=010Q R=39Q

= V= 2-( 2 )X 0.1
39+0.1

= V=195V




8.

9.

{d) Electromotive force, E=V + ir=i(R+r). [V =iR]

When cell is short circuited, then resistance becomes
zero, Le. R =0. So, electromotive force, E =ir
Internal resistance of cell

E B4

re—=——= {612

i 4
{a) The equivalent emf of this combination is given by
Eh + 5

L
This suggest that the equivalent emf £, of the two cells
is given by
g <Eq<E,
The emf of a cell is greater than its terminal voltage

because there is some potential drop across the cell due
to its small internal resistance.

The graphical relationship between voltage across R and
the resistance R is given below

v

recte
1+r/R

The high resistance voltmeter means that current will
flow through it. Hence, there is no potential difference
across it. So, the reading shown by the high resistance
voltmeter can be taken as the emf of the cell.

The internal resistance of a cell depends on

(i) the concentration of electrolyte and

(i1) distance between the two electrodes.

(i)
&7 3
> =
£ £
s =
A () 1A
Graph between terminal Graph between terminal
voltage (V) and resistance (A) voltage (V) and current ()
(a) ib)

We know that. V= E — Ir

The plot between V and I is a straight line of positive
intercept and negative slope as shown below

vl

E

Tinas

(i) The value of potential difference corresponding to
zero current gives emf of the cell.

(i) Maximum current is drawn, when terminal voltage is

Zero, so
V=E-Ir
= 0=E—1I_.r
E
= r=
L—.

10. The cells are arranged as shown in the circuit diagram

as given below
E

R

As the internal resistance is negligible, so total resistance
of the circuit = R
So, current through the resistance,

E

I=—

R
{in parallel combination, potential is same as the single
cell)

11. emf E of the cell is greater than the potential difference

V of the cell, by a value Ir, where [ is the current
flowing in the circuit and r is the internal resistance of
the cell.

V=E-Ir

12. In series combination of resistors, current [ is given by

E
R+nR

I =

whereas, in parallel combination current 10 [ is given by
E E E
=10l = =10
; (7)

R+= R+ X R+nE
n n
MNow, according to problem,
11 0= m=[1+"]n =n=10
1+ n+l
n

13. For a cell of emf E, potential difference V and internal

resistance r, V = E — Ir, where [ is the current flowing
through the circuit. The SIunit of both emf and
potential difference of a cell is volt (V).

14. The potential difference across the terminals of a cell is

givenby V=E-Ir.

In an open circuit, there is no current, ie. I =0

s V= E, Le. potential difference across the terminals of
a cell = emf

In a closed circuit, V < E.

The difference between the two values of potential
difference = Ir, which is called the lost voltage.



15. Refer to the solution of Q. 6 for the graph.
From the graph, we can see that the value of V becomes
equal to E when [ =0.
16. We know that, V=E—Ir
E-V
r
If the value of V is small, for high value of current I, then

the internal resistance r should be small as [ = l
r

Current in the circuit, I =

17. Given, e=10V,E = 200V,
Now, using Kirchhoff's loop law in given figure, in loop
ABCDA,
200-38] —10=0
190 = 38/

I=L';E=5A
38

18. Refer to text on page 142

19. (i) Series combination of cells.
(11) Parallel combination of cells.
(iii) Mived combination of cells.

20. Refer to text on page 140,
The terminal potential difference of the cell becomes
greater than the emf of the cell during charging of the
cell. In this process, current flows from positive
electrode to negative electrode of the cell.
Hence, V=E+Ir.
21. (i) The emf of a cell is greater than its terminal voltage
because there is some potential drop across the cell
due to its small internal resistance.

(1) - V={ E ]R; E
R+r 1+riR

Le. with the increase of R, Vincreases

E

¥
R—

One can determine the emf of cell by finding terminal

potential difference when current [ becomes zero.
(iii) In these type of questions, we have to look out the

connections of different cells, if the opposite

terminals of all the cells are connected, then they

support each other, ie. these individual emf's are

added up. If the same terminals of the cells are

connected, then the equivalent emf is obtained by

taking the difference of emf’'s.

Net emf of combination

=E—2E+5E =4E

Met resistance of current
=r+2r+ir+ R=6r+ R

Current, I =% (from Ohm's law)

= I= 1E
6r+ R
2E
IR
1
— i
22, Given, E=10V,r=31, I =054
As, I= E
R+r
— R=£—r
10
=—-—3=1710}
0.5

and terminal voltage, V = IR =0.5x17 =85V
23. Theemfofcell E=22V

The terminal voltage across cell, when 5 £2 resistance R
is connected acrossit, V= 1.8V

Let internal resistance = r

~. Internal resistance, r= R [% - lJ

0.4 2 10
= 5% =—=
18 18 9
24, Refer to Example 2 on page 141. [Ans. 10 and 5 V]
25. Current in the circuit, / = R
R+r 4+2

Also, terminal voltage across the cell,
V=E—-Ir=12-2x2=8Y

So, ammeter reading = 2 A

and voltmeter reading =8V

26. According to question,

4 (3

A 12
(i) Net current in the circuit = —= 2A
[

Voltage across the battery,
V,=12-2x2=8V



Voltage across the resistance,
V. =lR=2x4=8V

(ii) In order to measure the device's voltage for a
voltmeter, it must be connected in parallel to that
device. This is necessary because device in parallel
experiences the same potential difference. An
ammeter is connected in series with the eircuit
because the purpose of the ammeter is to measure the
current through the circuit. Since, the ammeter is a
low impedance device. Connecting in parallel with
the circuit would cause a short circuit, damaging the
ammeter of the circuit.

27. Since, the positive terminal of the batteries are
connected together, so the equivalent emf of the
batteries is given by

E=200-10=190V
Hence, the current in the circuit is given by

28. (i) Six cells are joined in series.
emf of each cell, E=2V
Number of cells, n=6
Total emf of circuit =nx E=6x2=12V

| TOPIC 4|

Internal resistance of each cell, r = 0.015 £
Total internal resistance
=nXr=6x0015 =0.09 {2
External load, R = 8.5 2
nE
nr+ R
o
T 0.09+ 85
. The terminal voltage of battery,
V=IR=14x85 =119V
(ii) emfof cell, E= 19V
Internal resistance of cell,
r=38010
Maximum current can be drawn from the cell, if there

is zero external resistance. Therefore,
E 19

Current in the circuit, =

=14 A

Now, we see that the maximum current drawn from
the cell is very low, thus the cell cannot be used to
drive the starting motor of a car as the current
required for this purpose is approximately 100 A for
few records.

Kirchhoff’s Laws and its Applications

KIRCHHOFF’S
RULES OR LAWS

In 1842, Kirchhoff gave the following two rules to solve
complicated electrical circuits. Ohm's law is simply not
adequate for the study of the circuits containing more than
one source of emf. These rules are basically the expressions
of conservation of electric chargc and energy.

TI'ICSL‘ J:E\VS Were Sl’ﬂ.l‘td. a5 FGIJ.DWS

First Law (Junction Rule)

This law states thar the algchmic sum of the currents
meeting at a point in an electrical circuit is alwn:-,rs zero. lris
also known as junction rule.

5 I
(0] I
Is
Iy
Electric junction

Consider a point (Jin an electrical circuir at which currents
115,05, 1 and 15 flowing through the different

CDIIdI.lCl'GIS meet, as SI'!.DWI'I in [ht ﬁgl.l!.':.

According ro Kirchhoff 's first law, we have
L+l +(=0L)+ 1, +(-15)=0
= L+ly=I3+ 1, =13=0
i+l + i, =13+15
So, junction rule can also be stated as the sum of currents

entering the junction is cqua| to the sum of currents lcaving
the juncrion.

Sign Convention for Kirchhoff's First Law

The current ﬂnwing towards the junction of conductors is
considered as positive and the current flowing away from
the junction is taken as negative.

Second Law
(Kirchhoft’s Voltage Rule)

This law states that the algebraic sum of changes in
pntcntia| around any closed loup invalving resistors and
cells in the loop is zero. It means that in any closed part of
an electrical circuit, the algebraic sum of the emfs is equal 1o
the algebraic sum of the products of the resistances and
currents flowing through them. It is also known as

].DI'JP l'I.I.I.E.



Consider a closed electrical circuit ABCDA containing two
cells £ and £, and five resistances R,, R,, Ry, R; and R;.

Consider the closed loop ABCA. E, will send current in
anti-clockwise and E, will send current in cdockwise
direction.

.. Total emf of closed loop
ABCA =E, +(=£E,)=E, = E,
But currents (/, and 1) flow in ant-clockwise direction
while current 1y flows in clockwise direction.
The algebraic sum of products of resistances and current
=L R+ 1R +(=15) Ry
=I|R+1,R, - 1,R,
.. According to second law, for closed part ABCA,
Ey=Ey=1 R +1,R, = I1R,
Similarly, for closed part ACDA,
E,=LR+I,R + IR
Sign Convention for Kirchhoff s Second Law
The product of resistance and current in an arm of the loop
is taken as positive, if the direction of current in thar arm is
in the same sense as one moves and is raken as negative, if

the direction of current in an arm is opposite to the sense as
ONe Mmoves.

While traversing a loop, the emf of a cell is taken negarive, if
negative pal: of the cell is encountered first, otherwise
positive.

EXAMPLE |1] Find currents in different branches of
the electric circuit shown in figure,

(‘ B 20Q

A AAA AAAA
Yvvy vy

2V T4V {:sv

<AAAA
vV

Sol. 40 § 20
A WY MW
i
iz
2Vy— (T\l 4V m - GY
i i
F e ——p

Applying Kirchhoff's first law ( junction law) at

junction B,
iy =iy + iy i)
Applying Kirchhoff's second law in loop 1 { ABEFA),
—4i, +4-2i, +2=0 i)

Applying Kirchhoff's second law in loop 2 ( BCDEB),
—2iy—6—4iy—4=0
Solving Eqs. (i), (ii) and (iii), we get
ip=1A

L)

] 5
= y=—A = i=—-A
3 3

Here, negative sign of i, implies that current i, is in
opposite direction of what we have assumed.

EXAMPLE |2| Use Kirchhoff's rules to determine the
potential difference between the points A and D. When no
current flows in the arm BE of the electric network shown
in the figure below. Delhi 2015

Sol. Applying Kirchhoff's loop rule for loop ABEFA
6+3+ R x0-31 +1-21, =0
or 10-51, =0
or I, =2A
For loop BCDER,
4—-I-R+R =x0-3=0

or 1-2R=0
1
R==12
2
F—rp—E D
1V i |
2
2Q ! 3V
A L Y T C
B



Potential difference between A and D through path
ABCD is

6+4— L R=V,,
= 10-2xt= Vo
2
Vip = 9volt
EXAMPLE |3| In the circuit shown in figure E F, G, H
are cells of emf 2, 1, 3 and 1 V respectively, and their

internal resistances are 2, 1, 3 and 1 ), respectively.
Calculate

A } E B

4. 20 AH

T ="

D 1| c
G

(i) the potential difference between B and I and

(ii) the potential difference across the terminals of each
cells & and H.

Sol.

an

av

Applying Kirchhoff's second law in loop BADB,
2—2i, —i, —1—2(i; —iy) =0 )
Similarly, applying Kirchhoff's second law in loop BDCE,
Ai, —iy) +3-3i, — iy —1=0 i)
Solving Eqgs. (i) and (ii), we get
5 6
b=ty
and iy —iy=-— 2,
13
(1) Potential difference between B and D..

Ve +2i, —i,)=Vp
2
Vi —Vpo=—2i —i,)==V
I D 1 d} 13
& 21
i) V.=E.—ir=3——=—xX3==—V
W) Vo =Eg — i 13 13

] 19
V”=E” +J‘2r"=l+—><l=—'||"
13 13

WHEATSTONE BRIDGE

It is an arrangement of four resistances used to measure one
of them in terms of the other three.

Consider four resistances P, @, R and § are connected in
the four arms of a quadrilateral. The galvanometer Gand a

tapping key K, are connected berween points B and D. The
cell of emf E and 1-way key K| are connected berween
points A and C as shown in the figure. Resistances P and @
are called ratio arms, resistance R is a variable resistance and
S is unknown resistance.

The bridge is said to be balanced, when the galvanometer

gives zero deflection. Thus, we have balance condition as

Wheatstone bridge
L
Q s

Proof

In figure, four resistances P, @, R and § arc connected in
the four arms of a panallelogram ABCD. Between Band D
there is a sensitive galvanometer and a cell is connected
berween A and €. K| and K, arc two keys. By pressing the
key Ky, a current ¢ is allowed to flow from the cell. Ar the
point A, the current 7 is divided into two parts.

One part £, flows in the arm AB and the other part 7, flows
in the arm AD. The resistances P, (), Rand § are so adjusted
that on pressing the key &, there is no deflection in the
galvanometer G. That is, there is no current in the diagonal
BD . Thus, the same current A will flow in the arm BC as in
the arm AB and the same 7, will flow in the arm DC as in

the arm AD.
Applying Kirchhoff 's seccond law for the closed loop
BADR, we have
- P+, R=0
i, =R, (1)



Similarly, for the dosed loop CBDC, we have
= iQ+i:8=0
Qi, =Si,

Dividing Eq. (i) by Eq. (ii), we have

WP iR P

—_—=— o —

HQ i, Q
It is clear from this formula that if the rato of the
resistances P and () and resistance R are known, then the
unknown resistance § can be calculated. This is why, the

oo i)

R
&

arms A8 and BC are called ratio arms, arm AD known arm
and arm €D unknown arm.

When the hridg: is balanced, then on inn:rd'ianging the
positions of the galvanometer and the cell there is no effect
on the balance condition of the hridgc. Hence, the arms BD
and AC are called conjugate arms of the brid.gc. (In
balanced state, no current Alows in the galvanometer arm,
hence while computing the equivalent resistance between A
and , the resistance connected berween B and D may be
neglected.) The sensitivity of the bridge depends upon the
values of the resistance. The bridge is maximum sensitive,
when all the four resistances are of the same order.
ﬁccarding to Maxwell, for greater sensitivity of the hrid.gc,
the galvanometer or the battery whichever has the higher
resistance should be connected across the junctions of twao
highest and two lowest resistances.

Note The Wheatstone bridge is most sensitive, when the

resistance of all the four arms of the bridge is of same order (or
same), i.e. null point is obtained at the middle of bridge wire,

The advantage of null point method /zero deflection in a
Wheatstone hridgc is that the resistance of galvanomcn:r
does not affect the balance point, there is no need to
determine current in resistances and internal resistance of a
galvanomerer.

EXAMPLE |4| In a Wheatstone bridge circuit, P =74,
0=80, R=120Q and §=70. Find the additional
resistance to be used in series with S, so that the bridge is
balanced.

Sol Let the bridge be balanced when additional resistance x
is put in series with 5.

Then, ($ + x}:gﬁ'
r

or =

= o

R—8=2x12-7=6720
7

EXAMPLE |5| The Wheatstone bridge circuit have the
resistances in various arms as shown in fiqure. Calculate
the current through the galvanometer.

Sol. In the closed loop ABDA,
1001, +151, —601, =0
= 201,+31, -121,=0 Ai)

In the closed loop BCDB,
(I, —1,)-5(1,+1,)-15I, =0
= 10,301, -51,=0
= 2l,-61 —1,=0 .{ii)
In the closed loop ADCEA,
601, +5(1;+1,)=10

=5 651, +51, =10
= 131, +1, =2 fi1d)
On solving Eqgs. (i), (ii) and (iii), we get

J" =487 mA

TOPIC PRACTICE 4|

OBJECTIVE Type Questions
1. Kirchhoff’s current law is consequence of
conservation of

(a) energy
(c) charge

{b) momentum
{d) mass

2. 1f2 A current is flowing in the shown circuit,
then potential difference (V; — V) in balanced
condition is

(a)12V
(c)4V

b)6V

{d) zero



3. The Wheatstone bridge and its balance
condition provide a practical method for
determination of an
(a) known resistance
(b) unknown resistance
(c) Both (a) and (b}

(d) None of the above

VERY SHORT ANSWER Type Questions
4. State Kirchhoff's first law. All India 2010

L. State Kirchhoff's second law.

6. When a Wheatstone bridge is most sensitive?

SHORT ANSWER Type Questions

7. Use Kirchhoff's rules to obtain the balance
condition in a Wheatstone bridge. Delhi 2012

8. For the circuit diagram of a Wheatstone bridge
shown in the figure, use Kirchhoff's laws to
obtain its balance condition.

R,

R,

Delhi 2009

NUMERICAL PROBLEMS

9. Using Kirchhoff's rules in the given circuit,
determine

3V an
AD.EA ! B

4V a0
E—{z—fl—.w—*—.F

T R
i e VY = C

(i) the voltage drop across the unknown
resistor R.

(ii) the current I in the arm EF. All India 2011

10. Abattery of 10 V and negligible internal
resistance is connected across the diagonally
opposite corners of a cubical network consisting
of 12 resistors each of 1 Q resistance. Use
Kirchhoff’s rules to determine

(i) the equivalent resistance of the network.

(ii) the total current in the network.
All India 2010

11. Figure shows two circuits each having a
galvanometer and a battery of 3 V.

When the galvanometer in each arrangement
do not show any deflection, obtain the ratio
R,/R,. All India 2013

120

HINTS AND SOLUTIONS

1. {c) According to Kirchhoff's law, the algebraic sum of
the currents is meeting at point in an electrical circuit is
always zero, i.e. at any junction, the charge cannot be
stored and cannot be loss. So, Kirchhoff's current law is
consequence of conservation of charge.

2. (d) In Wheatstone bridge, Pk

or

i.e. in the balanced condition, Vi — Vi =0
3. (b) In meter bridge balanced wheatstone bridge is used
to determine unknown resistance.

4. Kirchhoffs first law states that the algebraic sum of
currents at a junction in an electrical circuit is zero, Le.
Il =0

5. Kirchhoffs second law states that the algebraic sum of

changes in potential around any closed loop involving
resistors and cells in the loop is zero.

6. The Wheatstone bridge is most sensitive, when the
resistance of all the four arms of the bridge are equal.

7. Refer to text on page 154.
8. Refer to text on page 154.
PutP=R,Q0=R_R=R,
and S = R,
9. (i) Applying Kirchhoff's second rule in the closed loop
ABFEA,
Vg—05x2+3=V,
= Vy—-V,=-2

V= VA = VB =+ 2V
Potential drop across Ris 2 V as R, EF and upper row

are in parallel.



(ii) Applying Kirchhoff's first rule at E, From Eq. (i), we get

05+1,=1 6IR =10
where, I is current through R. = 6X2XR=10
Now, Kirchhoff’s second rule in closed loop FEABF, B R= 10_5 Q
-2I,+4-3+05%x2=0 12 6
21,-2=0 1L
or I,=1A 40 A,
The current in arm EF = 1A
10. Let6 I current be drawn from the cell. Since, the paths CG)
AA’, AD and AB are symmetrical, current through them " -
is same.
As per Kirchhoff's junction rule, the current distribution
is shown in the figure.
3V
{+
For balanced Wheatstone bridge, there will be no
deflection in the galvanometer.
i = ﬁ = R‘ = 2)(—9 =60
R 9 6
6Q 12Q 12Q 8Q
< 1 ©@s00
R, 9N 6Q R,
=
(i) Let the equivalent resistance across the combination
be R. 1200 3V
3 E=V,-Vs @ {t
SONE . For the equivalent circuit, when the Wheatstone bridge
= 6iR =10 [+ B =10V].A) is balanced, there will be no deflection in the
galvanometer.
(ii) Applying Kirchhoff 's second rule in loop 12 6
AA'B'CA, i
—2Ix1-1Ix1-2Ix1+10=0 4
= 51=10 - R, = 6%8 =40
= I=2A 12
Total current in the network ; R _6_3
=6l=6x2=12A N R, 4 2



SUMMARY

Electric Current It is defined as the rate of flow of electric

charge through any cross-section of a conductor, i.e.
I=(dq/adt)

The directed rate of flow of electric charge through any

cross-section of a conductor is known as electric current.

ne
Is—sa— [~ g =ne]
where, n =number of charged particles constitute the current

t t

Current Density It is the ratio of the current at a point in
conductor to the area of cross-section of the conductor at that
point, i.e. J=(I/A)
Ohm's Law Al constant temperature, the potential difference
V across the ends of a given metallic wire (conductor) in an
circuit (electric) is directly proportional to the current flowing
through it.

I

v
Vel
The variation of current w.r.l. applied potential difference is
shown with the help of given graph.
V=IR

where, R =resistance of conductor.

Flow of Electric Charges in Metallic Conductors In case of
solid conductor, large number of free electrons causes the
strong current in them.

In the case of a liquid conductor, movement of positive and
negative charged ions causes the electric current.

Resistance of a Conductor Mathematically, it is the ratio of
potential difference applied across the ends of conductor to
the current flowing through it.

v

=) R=~—
1
Sl unit is ohm ().

Resistance can also be writtenas, R=p %

where, L =length of the conductor,
A= area of cross-section
and p=constant, known as resistivity of the material.
It depends upon nature of the material.
Effect of Temperature on Resistance
For metals, resistance increases with rise in temperature.

For insulators and semiconductors, resistance decreases with

rise in tlemperature,

For alloys, temperature coefficient of resistance is small.
Temperature coefficient of resistance is given by
Pl Rt 7
Rtz —1y)

Drift Velocity It is defined as the average velocity with which
the free electrons move towards the positive end of a
conductor under the influence of an external electric field

applied.
= Vg = e—E T
m

where, t = relaxation time,

E = electric field,

m = mass and e = electron.
Relation between Drift Velocity and Electric Field
Itis given by, | = neAvy
where, n =number density of free electrons,

e =electronic charge,

A = cross-sectional area
and v, =drift velocity of an electron.
The ratio of drift velocity of electrons and the applied electric
field is known as mobility.

=L R
= e E m
=~ Slunitis [m?s™'Vv-1.
Resistivity It is the resistance of a unit length with unit area of
cross-section of the material of the conductor.
Relationship between resistivity and relaxation time
m

ne’t
where, 1t =relaxationtime.

Specific resistance or resistivity (p) depends on the material of
conductor, not on the length and cross-sectional area (A), i.e.
geomelry of conductor.

Effect of Temperature on Resistivity
For metals, resistivity increases with increase in temperature.

For semiconductor, resistivity decreases with increase in
temperature.

For alloys, resistivity is very large but has a weak dependence
on temperature.

Classification of Materials in terms of Conductivity
For insulators, electrical conductivity is very small or nil.
For conductors, electrical conductivity is very high.

p=

For serniconductors, electrical conductivity lies in between that

of insulators and conductors.



Conductance and Conductivity

Conductance is the reciprocal of resistance of conductor.
Conductivity is the reciprocal of the resistivity of conductor.
Electrical Energy and Power Electrical energy is the total
work done in maintaining the electric current in the given circuit
for a specified time.

Electrical power is the rate of electrical energy supplied per unit
time to maintain flow of electric current through conductor.
Internal Resistance and Electromotive Force of a Cell

EMF (E) It is the maximum potential difference between two
terminals of circuil, when circult is open.

Internal Resistance (f) The resistance offered by the electrolyte
of the cell, to the flow of current through it.

Terminal Potential Difference () It is the maximum potential
difference between two terminals of circuit, when the circuit is
closed.

The relationship betweenr, R, E and Vis
E
=Rl=-1 . |
g (V ] 0

where, r =internal registance, A = external resistance,
E =emfof cell, v =terminal voltage of cell.

NBO,V:E-I::[ 3 )R ... (i)

R+r

Combination of Cells
In series grouping, current is given by, I = (ne/ R +nr).

In parallel grouping, current is given by, I = (me [ r+mRA).

. TNE
In mixed i Li I'= ;
Fi m grouping, current is given by, [nr+mﬁ]

Kirchhoff's Laws

First Law (Junction Rule) The algebraic sum of the currents
meeting at a point in an electrical circull is always zero.
Second Law (Loop Rule) The algebraic sum of changes in
potential around any closed loop involving resistors and the
cells in the loop is 2ero.

Wheatstone Bridge It is an arrangement of four resistances
used to measure one of thermn in terms of another three. The
bridge is said to be balanced when the galvanometer shows
zero deflection,

The balance condition is

2l
w|



CHAPTER
PRACTICE

OBJECTIVE Type Questions

I. Apotential difference V is applied to a copper
wire of length [ and diameter d. If V is doubled,
then the drift velocity
(a) is doubled

(c) remains same

2. Apotential difference of 100 V is applied to the
ends of a copper wire one metre long. What is
the average drift velocity of electrons?
(given,o = 581x107 Q™ orng, = 85x 10°* m™3)

(b) is halved

(d) becomes zero

(a) 0.43ms™" (b) 0.83 ms™
(c) 0.52ms™ (d) 0.95ms™
3. Unit of specific resistance is
(ayohm™*-m~! (b)ohm ™ *-m
(c) ohm-m™* (d) ohm-m

4. The length of 50 Q resistance becomes twice by
stretching. The new resistance is

(a)25Q (b)50Q

. A metal rod of length 10 cm and a rectangular

(c) 100 Q2 (d) 200 Q

. 1 .
cross-section of lem x 3 cm is connected to a

battery across opposite faces. The resistance
will be

(a) maximum when the battery is connected across

1cm X %cm faces

(b) maximum when the battery is connected across
10 em X 1 cm faces

(c) maximum when the battery is connected across

1
10 em X -2- cm faces

(d) same irrespective of the three faces

. The electric power consumed by a 220 V-100 W
bulb, when operated at 110 V is
CBSE 2021 (Term-I)

(a)25W (b)30W  (0)35W  (d)45W
If an ammeter is to be used in place of a

voltmeter, then we must connect with the
ammeter a CBSE 2021 (Term-I)

10.

(a) low resistance in parallel
(b) low resistance in series

(c) high resistance in parallel
(d) high resistance in series

Kirchhoff’s first rule, £I = 0 and second rule,
XIR = XE (where the symbols have their usual
meanings) are respectively, based on
CBSE 2021 (Term-I)
(a) conservation of momentum and conservation of
charge
(b) conservation of energy and conservation of
charge
(c) conservation of charge and conservation of
momentum
(d) conservation of charge and conservation of energy

Which of the following has negative
temperature coefficient of resistivity?
CBSE 2021 (Term-I)

(a) Metal

(b) Metal and semiconductor
(c) Semiconductor

(d) Metal and alloy

If the potential difference V applied across a

conductor is increased to 2V with its

temperature kept constant, then the drift

velocity of the free electrons in a conductor will
CBSESQP (Term-I)

(a) remain the same

(b) become half of its previous value

(c) be double of its initial value

(d) become zero

A constant voltage is applied between the two
ends of a uniform metallic wire, heat H is
developed in it. If another wire of the same
material, double the radius and twice the length
as compared to original wire is used, then the

heat developed in it willbe  CBSE SQP (Term-I)
(a)H/2 (b) H
(c) 2H (d) 4H



12.

13.

In a DC circuit, the direction of current inside

the battery and outside the battery, respectively

are CBSE SQP (Term-I)

{a) positive to negative terminal and negative to
positive terminal

{b) positive to negative terminal and positive to
negative terminal

(c) negative to positive terminal and positive to
negative terminal

(d) negative to positive terminal and negative to
positive terminal

A cell of emf (E) and internal resistance r is

connected across a variable external resistance
R. The graph of terminal potential difference V

16.

17.

(a) Both Assertion and Reason are true and Reason is
the correct explanation of Assertion.

(b) Both Assertion and Reason are true but Reason is
not the correct explanation of Assertion.

(c) Assertion is true but Reason is false.
(d) Assertion is false but Reason is true.

Assertion The average time of collisions 1,
decreases with increasing temperature.
Reason Atincreased in temperature, average
speed of the electrons, which act as the carriers
of current, increases, resulting in more frequent
collisions.

Assertion Charge carriers do not move with
acceleration, with a steady drift velocity.

as a function of R is CBSE 2020 Reason Charge carriers under go collisions
i ” with ions and atoms during transit
18. Assertion If we bend an insulated conducting
E Epmmmse wire, the resistance of the wire increases.
Reason The drift velocity of electron in bended
o— R R wire remains same.
(@) (o) ) _ _ .
Ve Vi 19. Assertion The drift velocity of electrons in a

g!—————+R

() (d)

metallic wire decreases when temperature of the
wire is increases.

Reason On increasing temperature,
conductivity of metallic wire decreases.

20. Assertion Manganin and constantan are widely
14. The currentand voltage Vgraph for a given used in standard resistors.
metallic wire at two different temperatures T, Reason Manganin and constantan resistances
and T, are shown in the figure. It is concluded values would change very little with
that temperatures.
i 21. Assertion Higher the range, lower is the
. resistance of an ammeter.
. Ty Reason To increase the range of an ammeter,
/’/ additional shunt is added in series to it.
ol 7 > CBSE 2021 (Term-I)
@ T,>T,0) T,<T, () T,=T, @ T,=2T, CASE BASED QUESTIONS

Directions {Q.Nus. 22.23) This question is fdse:md_}r based
question. Attempt any 4 ;ub-parr; ﬁ'ﬂm this question. Each
question carries 1 mark.

22. Potential Difference
The potential difference (V) across a source in a

15. The electromotive force of cell is 5V and its
internal resistance is 2 £} This cell is connected
to external resistance. If the current in the
circuit is 0.4 A, then voltage of poles of cell is
(a)5V  (b)58V  (c)46V  (d)42V

circuit is not equal to its emf (). This is due to
the reason that every source of electric energy
has some internal resistance (r). Further, g, V'
and r are related to each otherasV =e—-Ir. A
single battery shown in figure, consists of two

ASSERTION AND REASON

Directions ((). Nos. 16-21) fn If.rrﬁ.:fﬁjw:'ng questions, g
statements are given- one labeled Assertion (A) and the other
labelled Reason (R). Select the correct answer to these questions

ﬁ'am the codes (a), (5), (c) and (d) as given below



cells of emf’s g, and ¢, and internal resistances r,

and r,, respectively in series,

(i) The current in the internal circuit is

{a) zero (b) &6
R+

{C} Ei +E2 {d} EI _EZ
nh+r n+r

(ii) The equivalent emf of the battery is
(a) (g, +&,) (b) (g, —&,)

(8yr: — €31 )
hthn

(c) (g2 —&,) {d)

(iii) For the terminal A to be positive
(a) & =€, (b) &, > ¢
(c) &,r, =&yr, (d) &,r, > 8,1,
(iv) The internal resistance of the battery is

{a] {rl +r2:| {h:l EF'_H.Z_'}-
L
() —2 (d) —2
(n+r) (n+r)

(v) The algebraic sum of changes in potential
around any closed loop invelving resistor
and cells in the loop is
{a) more than zero (b) less than zero

{c) zero (d) constant

23. An experiment was set-up with the circuit

diagram shown in figure. Given that, R, =104,
Rz =Ra =80 r=00and E=5VY
CBSE 2021 (Term-I)

a b C
El i ;E'qz
I [ 15
r F re
i zR,
h g f

(i) The points with the same potential are
@bcd Bfhi (©def (dabj

(ii) The current through branch bg is
1 1 2
1A b)—A —A (d)-A
(a) (b) = (c) = (d) :

(iii) The power dissipated in R, is

(a)2W (b)25 W
€)3W (d)4.5 W
(iv) The potential difference across R, is
(a)1sv (v )25V (d)y3Vv
FILL IN THE BLANK

24.

A copper wire of non-uniform area of
cross-section is connected to a DC battery. The
physical quantity which remains constant along
the wire is ... ;

VERY SHORT ANSWER Type Questions

25.

26.

27.

28.

29.

3.

32,

33.

What is the significance of direction of electric
current?

Describe how the resistivity of the conductor
depends upon

(i) number density (n) of free electrons and
(ii) relaxation time (1).

Two conducting wires A and B of the same
length but of different materials are joined in
series across a battery. If the number density of
electrons in Ais twice than that in B, find the
ratio of drift velocities of electrons in two wires.

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? CBSE 2019

When a potential difference is applied across

the ends of a conductor, how is the drift velocity

of the electrons related to the relaxation time?
CBSE 2019

How is the drift velocity in a conductor affected
with the rise in temperature? CBSE 2019

Show variation of resistivity of copper as a
function of temperature in graph.

On what basic conservation laws, are
Kirchhofi's laws based?

Define the conductivity of a conductor. Write its
S1 unit. All India 2017 C



SHORT ANSWER Type Questions

34. Figure below shows a plot of I

current versus voltage for two
different materials P and Q.
Which of the two materials
satisfies Ohm's law? Explain.

35. Derive the expression for the
resistivity of a good conductor in terms of the
relaxation time of electrons.

36. Write the expression for the resistivity of a
metallic conductor showing its variation over a
limited range of temperatures.

37. Car batteries are often rated in unit ampere
hours. Does this unit designate the amount of
current, energy, power or charge that can be
drawn from the battery? Explain.

38. Two bulbs are rated (P, V) and (P,,V). If they are

connected (i) in series and (ii) in parallel across
a supply V, find the power dissipated in the two
combinations in terms of P, and F,.  CBSE 2020

39. Awire of length L, has a resistance R, It is
gradually stretched till its length becomes 21,
CBSE 2020
(a) Plot a graph showing variation of its
resistance R with its length L during
stretching.

(b) What will be its resistance when its length
becomes2 [)?

40. A wire of length L has a resistance Ry, It is

gradually stretched till its length becomes 1.5

Ls.

{a) Plot a graph showing variation of its
resistance R with its length [ during
stretching.

(b) What will be its resistance when its length
becomes 1.5 L;?

41. Isthere some net field inside the cell, when the
circuit is closed and a steady current passes
through? Explain.

42. The plot of the variation of v
potential difference acrossa
combination of three
identical cells in series versus
current is as shown in the
figure. What is the emf of 0 s

each cell?

43. R, R, andR, are three different values of

resistor R. Such that R, = R, > Ry

A, B and C are the null points obtained
corresponding to R, R, and R;, respectively.
For which resistor, the value of X will be most
accurate and why?

X

A B c

44. The figure shows a plot of terminal voltage
V versus the current [ of a given cell.

Calculate from the graph
(i) emf of the cell.
(ii) internal resistance of the cell. All India 2017C

6V

4y

I
10A 20A

LONG ANSWER Type | Questions

45. Using Kirchhoff's rules, calculate the current
through the 40 @ and 20 (2 resistors in the
following circuit. CBSE 2019

ek 200

A—— f———— i ——

4||—-\w.m—
B ¥l 00 3

40V

46. Show on a plot, variation of resistivity of (i) a
conductor and (ii) a typical semiconductor as a
function of temperature.

Using the expression for the resistivity in terms
of number density and relaxation time between
the collisions, explain how resistivity in the case
of a conductor increases while it decreases in a
semiconductor, with the rise of temperature.
CBSE 2019



47. With the help of a suitable diagram, explain in 53. Write any two factors on which internal
brief about the sensitivity of Wheatstone resistance of a cell depends. The reading on a
bridge? high resistance voltmeter when a cell is

S connected across itis 2.2 V.
48. Define the term current sensitivity of a

galvanometer. In the circuits shown in the +®-
figures, the galvanometer shows no deflection
in each case. Find the ratio of R, and R,.

1=
1t

AW )—
R=50Q K

4Q R 6Q

When the terminals of the cell are also
connected to a resistance of 5 Q as shown in the
circuit, the voltmeter reading dropsto 1.8 V.
Find the internal resistance of the cell.

60 40 R,

54. The emf of a battery is 2 V and its internal
All India 2017C resistance is 2 Q. Its potential difference is
measured by a voltmeter of resistance 998 Q.
LONG ANSWER Type II Questions Calculate the percentage error in the reading of

emf shown by the voltmeter.
49. Avariable resistor R is connected across a cell y

ot ol E snd nteinalresstance r 55. For what value of unknown resistance y, the
CBSE SQP (Term-1I) potential difference between A and B is zero in
the arrangement as shown in figure given

D the circuit di i
(a) Draw the circuit diagram biliwn

(b) Plot the graph showing variation of potential drop
across R as function of R.

(c) At what value of R, current in circuit will be
maximum?

50. Astorage battery is of emf 8V and internal
resistance 0.5 Q is being charged by DC supply
of 120 V using a resistor of 15.5 Q.
CBSE SQP (Term-I)

(a) Draw the circuit diagram.

(b) Calculate the potential difference across the

battery.
© \:mbm ii_sc:lli'f,,"“'pose of liaving serice restsiance in 56. The resistance of a potentiometer wire of length
2 7 10 mis 20 Q. Aresistance box and a 2V
accumulator are connected in series with it.
NUMERICAL PROBLEMS What resistance should be introduced in the
51. At20°C, the carbon resistor in an electric circuit box to.have a pofential drop of 1uV/mm of the
connected to a 5 V battery has a resistance of potentiometer wire?

200 Q. What is the current in the circuit when

the temperature of the carbon rises to 80° C? ANSWERS

52. Asemiconductor has electron concentration

0.45x10” m® and hole concentration 1 (a) 2. (a) 3. (d) 4. (d) 5. (a)
5x10% m®, Find its conductivity. Given,

electron mobility = 0135 m?/Vs and hole
mobility = 0.048 m?/ Vs, e =16 x 1079¢. 1L (o) 12. (o) 13. (b 14. (a) 15. (d)

6.9 T(@ 8 (@ 9@ 10



16.

17.

18.

19.

20.

21
22,

(ii)

(iii)

(iv)

(v)

24
25.

26.

(@) With increase in temperature, average speed of the
electrons, (which acts as the carriers of current) increases
resulting in more frequent collisions. The average time of
collisions 1T, thus decreases with temperature.

{a) Charge carriers do not move with acceleration but
with a steady drift velocity. This is becanse of the
collisions with ions and atoms during transit.

(d) Bending will not increase the resistance of the
conducting wire. Also drift velocity of electron is
independent of bending of conductor.

(P Increasing the temperature of a conductor, the
kinetic energy of free electrons increases.

On account of this, they collide more frequently with
each other (and with the ions of the conductor) and
consequently their drift velocity decreases.

{a) Manganin and constantan have very low temperature
coefficient resistance.

(a)

{i} (c) Net current, I = Net emf

Total resistance E+r
(d) Equivalent emf of battery
e=V,—-Vyg=g, —fﬂ

=g _[E.+E2}_{£,r2—52r|}
=g, =

E+h (n+r)

E; +E,

{d) Terminal A is positive if V, > Vgor V, — V3 =0

or (g,; —£,/)>0

or 1 = By

{a) Since, r, and r, are in series, so resultant resistance is
r=nth

(¢} Loop Rule The algebraic sum of changes in

potential around any closed loop involving resistors and

cells in the loop is zero. This rule is also obvious, since,

electric potential is dependent on the location of the

point. Thus, starting with any point, if we come back to

the same point, the total change must be zero. In a closed

loop, we do come back to the starting point and hence the

rule. Efr = IV

(i} (B), (i) (), (ii)(B), (iv) (e}

Current

Electric current is caused by the flow of electrons in a
conductor. But the direction of electric current is taken
as the opposite direction of movement of electrons.

m

e’t

Resistivity of a conductor is given by p=

(i) Resistivity pﬁ-l-, where n is the number density of
n
free electrons.

1
(it) Resistivity p = P where T is the relaxation time.

27. As the wires A and B are joined in series, the current
through them is same.

I_.‘ =IE

28.

30.

3L

(neAvy), =(nedvy)g [as I =ne Avy)

= MavVy, = NgVa,

The mobility of electrons in a conductor is given by
eT
=
m

where, e = charge on electron, m = mass of electrons and
T = relaxation time.

Also, TeT.
But here temperature (T) is kept constant. As mobility is

independent of potential difference, so there is no change
in it

Average drift velocity, vy = i 1
m

where, ¢ = charge on electron,

m = mass of electron,

E = electric potential or field across conductor
and T = relaxation time.

’ E
The average drift velocity, v, = =
m

where, T = relaxation time.

The relaxation time is directly proportional to the
temperature of conductor ie.

TeT
= v, =T
So, the drift velocity increases with rise in temperature.
Graph of resistivity of copper as a function of

temperature is given below (resistivity of metals
increases with increase in temperature).

3
&
T 104
=102
i
0 S0 100 150
Temperature T (K) —

Kirchhoff's current law is based on law of conservation
of charge and Kirchhoff's voltage law is based on law of
conservation of energy.

Refer to text on page 130.

The plot of V versus I is a straight line for materials that
obey Ohm's law. So, from the figure, material P obeys
Ohm's law.

Refer to text on pages 128 and 129.
Refer to text on pages 129 and 130.

37. Ampere hours is the unit of charge as ampere is the unit

of current and hours is the unit of time.

Charge = Current x Time.



2
38. The resistance P, is R, =V_

VZ
and that P, is R, = —
F,
(i) In series, R=R +R,
Vv v
= ===
R R +R,
and P=1*(R +R,)
L,-Q
il (R +R,)
(R +Ry)
ol ! __ 1 Lits!
EL+£?_ 1.1 BR+h
vi v’ R B
2 2 ¥4
R T U U UL SRR . M o
R R R R R R

39. (a) Initially, the resistance R, of a wire of length L, is
given by

L
Ry=p—" i)
AD

= Ry =Ly
The variation of resistance R with length L during
stretching is shown as

R

L
(b) When a wire is stretched to 2L, the area of wire

becomes Tn. So, the new resistance will be

2L L
R=P20 _yple _up,
Az T A

[+ using Eq. (i}
. The resistance of wire becomes 4 times of previous.
40. (a) Refer to Q. 39 on page 162,
(b) 2.25 R,; Refer to ). 39 on page 162.
41. Refer to text on page 140.
42. When three identical cells are connected in series, the
equivalent emf is given by
E =E +E;+E;=3E
From the graph, 3E =&V
=% E= 5 =2V
3
- Emf of each cell =3V

43. The figure given is a potentiometer . The sensitivity of
potentiometer can be increased by reducing the current
in the circuit. This can be done by increasing the value
of R. So, the value of X will be most accurate for R,.

44 V=E-ir
(i) When i=0, then V=E.

When j =0, then V = 6V (from the graph)
soemf of the cell (E)y=6V
(ii) When i = 2A, then V =0 (from the graph)
.‘.E=i’r=:or=£=£=3ﬂ
i 2
45. Taking loops clockwise as shown in figure.

BOW

-+

A—— |—'w~v— B

“’t l

ly=Iz 4062

AN

E -—||-_—-‘-'~M.'«.-—F
oy 10

c

Using KVL in ABCDA,
—80+ 200, +40(1, = I,)=0
=4 3, -2, =4 A1)
Using KVL in DCFED,
—40(1, — I,)+10], —40=0
= —4l, +5l, =4 i
From Egs. (i) and (ii), we get
f. =4 A
and I,=4A
Thus, fm=f1—f._,=ﬂﬁ
I,=1=4A
(i) and (ii) Refer to text on pages 129 and 130.
{Temperature Dependence of Resistivity)

Refer to text on pages 128 and 129.
(Resistivity of Various Materials)

47. Refer to text on pages 153 and 154.

48. Current sensitivity of a galvanometer is defined as the
deflection per unit current.

5

For balanced Wheatstone bridge, there will be no
deflection in the galvanometer.

4 6 4x4 B
— —=—=5R1=—=_ﬂ
R 4 6 3




For the equivalent circuit, when the wheatstone bridge Gy PR e g 12 i

is balanced, there will be no deflection in the 155405
galvanometer. e E s
12_ 6 =
? = R— =8+35=115V
2 (c) Series resistor in the charging circuit limits the
= Wi 6x8 i current drawn from the external source.
12 51. Refer to text on page 129, [Ans. 26 mA]
R B2 52. Refer to text on page 130 [Ans. 3.84 Sm™]
R, 4 3 {1
49. (a) Circuit diagram 53. Refer to Example 1 on page 141. [Ans. EnJ
j'f 54. Given, E =2V
! r= 20
, From the diagram,
_|+ A ———— 2v2zo
E Iy
II
(b) Variation of potential drop across R as function of Ris
~V=E|1- ! /
1+r/R
()
ey
998 0
_ 2 2
T 24998 1000
VeE-Ir=2-—— x2
+ R 1000
{c) The maximum value of current is obtained, when the =200 = 1996V
resistance of external resistance R is zero, % error = 0004 x 100 = 0.2%
’ E 2
k8 P == 55. As,V, -V, =0
50. Given, E=8YV, r=0542, Thus, it is a balanced Wheatstone bridge. [Ans. 18 €3]
V=120Vand R=1550 56. Apply the balancing condition of a potentiometer
(a) . 120V Given, E=2volt
55 () DC I
A O ey V =001 volt
R=20/m
Let r is resistance introduced in the box
—|I 1| F—wwaaat——
alf.. 050 r={%—l)ﬂ

(b) Potential across battery in charging . [ 1) %
V=E+1Ir 0
Effective voltage, V' =V — E =120—-8=112V or r=398 0 [Ans. 3498 01



