Current Electricity

3.3 Electric Currents in Conductors

(1 mark)

L

How does the random moation of free electrons ina :

conductor get affected when a potential differenceis . -~ I the two electric circuits shown in the figure,

applied acrossitsends ? {Delhi 2014C)

3.4 Ohm's Law

2

3. Theratio of current density and electric field is called
(a) resistivity (b) conductivity i
(c) drift velocity (d) mobility (2020)
OR
In a current carrying conductor , the ratio of the
electric field and the current density at a point is called |
(a) resistivity (b) conductivity
(c) resistance (d) mobility (2020)
(1 mark) |

MCQ

A potential difference of 200 V is maintained across
a conductor of resistance 100 L. The number of !

electrons passing throughitin 1sis
{a) 1.25x10% (b) 2.5x10%8
(& 1.25x 10 (d) 2.5=10%

Two wires X and Y of the same material and of |
equal lengths having area of cross-section Aand 2A | 11, The potential difference applied across a given
respectively, are connected in parallel across anideal
battery of emf E. What is the ratio of current density |

(i, /) inthem? (2021C)

(Term12021-22)
- 3.5 Drift of Electrons and the Origin

m (3 marks)

Differentiate between electrical resistance anl:l
resistivity of a conductor. (1/3, 2020) [H_,

determine the readings of ideal ammeter (A) and the
ideal voltmeter (V).
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(Delhi 2015C) (Ap)

of Resistivity
MCQ

: 100 If m, e, T and m have their usual meanings, then the

resistance of a wire of length | and cross-sectional
area A is given by

neA ml mtA ne‘tA
{a) o (b) 3= fc) - (d) e o

(Term | 2021-22) ll]

conductor is doubled. The mobility of the electrons
in the conductor
la) isdoubled (b) ishalved
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A copper wire of non-uniform area of cross-section
is connected to a d.c. battery. The physical quantity

which remains constant along the wire is

Define the term ‘electrical conductivity’ of a metallic

wire, Write its 5.1, unit.

IETY (2 marks)

A metal rod of square cross-sectional area A having

7.

17.

18.

1%.

length | has current | flowing through it when a :

(Al 2017C, Dethi 2014) (R |
P13,

potential difference of Vvolt is applied acrossitsends
{figure 1). Now the rod is cut parallel to its lengthinto :

two identical pieces and joined as shown in figure 1.

| 1.

What potential difference must be maintained across
the length of 2 so that the current in the rod is still 1 7

s | ]

. P R
I I |

|

A

(n (i

(c)

remains unchanged (d) becomes four times
(Al 2019)

! (1mark)

(2020) (K] | 1

How does the mobility of electrons in a conductor
change, if the potential difference applied across
the conductor is doubled, keeping the length and
temperature of the conductor constant 7 {2020)

How is the drift velocity in a conductor affected with
the rise in temperature? {Delhi 2019)

. Define the term drift velocity of charge carriers in a

conductor and write its relationship with the current
flowing throughiit. (Delhi 2014)
Write the expression for the drift velocity of charge
carriers in a conductor of length ' across which a
potential difference 'V is applied. (Al 2014C) (An)

 EYE 2 marks)

P 16.

(Foreign 2016) () |

Define the term ‘mobility’ of charge carriers in a |§

current carrying conductor. Obtain the relation for

maobility in terms of relaxation time.

(2020) (U] |

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) (An) :

Estimate the average drift speed of conduction :
electrons in a copper wire of cross-sectional area |
1.0 x 107" m? carrying a current of 1.5 A. Assume the
density of conduction electrons to be 9 x 108 m™, :

(A12014) :

(3marks)

20.

21.

Define drift velocity of electrons
in a conductor connected across a
battery. Figure shows variation of
the drift velocity (v,) of electrons
in two copper wires A and B of
different lengths wversus the
potential difference (V) applied
across their ends.

(il  What does the slope of the line represent?
(ii) Which one of the two wires is longer ?

Vg

b3

e

0 v i

T (5 marks)

i 2.

{2021C)

The thickness of a conductor continuously decreases
fromits one end (A) to another end (B). It is connected :
across the terminals of a battery. What will be the

effect on the value of

(a) electricfield,

(b) current density, and

(c) muobility of the electron

25.

Define the term 'drift velocity” of electrons in a
current carrying conductor. Obtain the relationship
between the current density and the drift velocity of
electrons. {2020)

A steady current flows in a metallic conductor of non-
uniform cross-section. Which of these guantities
is constant along the conductor : current, current
density, electric field, drift speed 7 (1/3, Delhi 2015C)

(a) Deduce the relation between current | flowing
through a conductor and drift velocity V4 of the
electrons.

(b) Figureshows a plot of current [ flowing through

the cross-section of a wire versus the time 't.
Use the plot to find the charge flowing in 10 sec
through the wire.

IA)
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(A1 2015C) (Ap)

(i} Define mobility of electrons. Give its Sl units

(i) A steady current flows through a wire AB,
as shown in the figure. What happens to the
electric field and the drift velocity along the
wire? Justify your answer.

—

I
{ |




23.

24,

30.

at a point on the conductor as one mowes from

endAtoendB?

time' giving their physical significance.

(b)

(2020)
. {a) Define the terms ‘drift velocity' and ‘relaxation

A conductor of length L is connected across ade

source of emf E. If the conductor is replaced by
another of the same material and area of cross-
section but of length 5 L, by what factor will the

drift velocity charge?
(a)

(b)

Write its Slunit.
Using the concept of free electrons in a
conductor, derive

(2019C)
Define the term 'conductivity’ of a metallic wire.
! 28.
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.
{a)

(2018)
Find the relation between drift velocity and

relaxation time of charge carriersin aconductor. :

(b)

A conductor of length L is connected to a dc.

source of e.m.f V. If the length of the conductor

is tripled by stretching it, keeping V constant. |

Explain how drift velocity would be affected.

(Al 2015)

(i)

A wire whose cross-sectional area is increasing |

linearly from its one end to the other, is
connected across a battery of V volts. Which of :
the following quantities remain constant in the

wire?
(a) driftspeed
(c) electric current
Justify your answer.

(b) current density
(d) electric field

Diefine the term 'drift velocity’ of charge carriers in

density in terms of relaxation time.

3.6 Limitations of Ohm's Law
(1 mark)

5

Graph showing the wvariation of —

(2/5, Foreign 2014) |

40,

29.

(Dethi 2017) (Ev] | 37

a conductor. Obtain the expression for the current 38.

39.

(ili) Consider the circuit shown in the figure. Find
the effective resistance of the circuit and the
current drawn from the battery.

100
AWl
100
= 140
30 106x

(2023) (Ev]

(i) Explain how freeelectrons in a metal at constant
temperature attain an average wvelocity under
the action of an electric field. Hence obtain an
expression for it.

Consider two conducting wires A and B of the
same diameter but made of different materia
is joined in series across a battery. The number
density of electrons in A is 1.5 times that in B.
Find the ratio of drift velocity of electrons in

wire A to that in wire B. (2023) (Ev|
(i) Derive an expression for drift velocity of

(i)

glectrons in a conductor. Hence deduce
Ohm's law.
. IV graph for a metallic wire at T

two different temperatures, T,

and T is as shown in the figure. I r T

Which of the two temperatures

is lower and why? v *

(Al 2015) (An]

Plot a graph showing the variation of resistivity of a
conductor with temperature. {Forelgn 2015)

Show variation of resistivity of copper as a function
of temperature in a graph. (Delhi 2014)

Plot a graph showing variation of current versus
voltage for the material Gads. (Drelhi 2014)

How does one explain increase in resistivity of a
metal with increase of temperature ? (Al 2014C) R |

- Y (3 marks)

P al

current versus voltage for amaterial G

Galis is shown in the iigure. Identify 3

the region of A
(i) negative resistance Voltage V—2 :

(i) where Ohm's law is obeyed.

3.7 Resistivity of Various Materials
MCQ

(Delhi 2015) (fp) |

(i} The graph between
resistance (R) and

0.16
temperature (T) for T
Hg is shown in the Eﬂ-ﬂﬂ
figure. Explain the ) -
behaviour of Hg 731 & 8
near 4 K. TIK}—»

{iil Inwhich region of the graph shown in the figure



32. The resistance of a metal wire increases with :

increasing temperature on account of
(3a) decrease infree electron density
(b) decreaseinrelaxation time

[c) increase in mean free path

{d) increasein the massof electron.

33. Resistivity of a given conductor depends upon
(al temperature
(b) length of conductor
(c) areaof cross-section
(d) shape of the conductor.

3.8 Temperature Dependence of
Resistivity
McQ

34, Which of the following has negative temperature
: 43, Tworesistors R; and R, of 4 © and 6 £ are connected

coefficient of resistivity?

{a)l Metal

(b) Metal and semiconductor
{c) Semiconductor

(d) Metal and alloy.

M (1 mark)

35. The |-V characteristics of
two wires X and Y at constant ¥
temperatures are shown in
the figure. The two wires have X
equal lengths and diameters.
Which of them is made up of o

material of larger resistivity?

(2020C) :
a supply V, find the power dissipated in the two :
combinations in terms of P, and P.. (Dethi 2019) :

3.10 Cells, Emf, Internal Resistance
MCQ

46. In a dc circuit the direction of current inside the

battery and outside the battery respectively are

positive terminal

(bl 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
(Term12021-22) (R |

47. A cell of internal resistance r connected across an :
external resistance R can supply maximum current :

positive terminal.

when

(a) R=r (b) R>r () R=r/2 (d) R=0

(2020)

(Term 1 2021-22) (R |

M 2 mar

44, Nichrome and copper wires of same length and same

B 2 marks)

v :
i 45. Two bulbs are rated (P, V) and (P, V). If they are

(a) positive to negative terminal and negative to 55. (a)

(2020) :

is the resistance negative and why 7

{2/3, 201%)

s 3.9 Electrical Energy, Power

MCO

47, The electric power consumed by a 220V - 100 W

bulb when operated at 110V is

{a) 25W (b) 30W () 35W (d) 45W

(Term | 2021-22)

in parallel across a battery. The ratio of power
dissipated in them, Py : P> will be
(a) 4:9 (b) 3:2

c) 9:4 d) 2:3 (Al 2020)

radius are connected in series. Current | is passed
through them. Which wire gets heated up more?

Justify your answer. (Al 2017) I\_E;'Ti

connected (i) in series and (ii) in parallel across

Using this plot, how does one determine the
internal resistance of the cell? (Al 2014C)

(3 marks)

54. Draw agraph showing the variation of current versus

valtage in an electralyte when an external resistance
is also connected. (1/3,A12019) [#]

The potential difference applied across a given
resistor is altered so that the heat produced per
second increases by a factor of 9. By what factor
does the applied potential difference change?
(b} Inthe figureshown, anammeter 4 and a resistor
of 4 2 are connected to the terminals of the
source. The emf of the source is 12 V having
an internal resistance of 2 0. Calculate the
voltmeter and ammeter readings.




(1 mark)

48. Acellof emf'E and internal resistance 'r' isconnected |

across a variable external resistor 'R. Plot the !

variation of voltage drop "V across the resistor as a

function of 'R {2020) :
49 The plot of the wvariation of :

potential difference across a o

combination of three identical

cells in series versus current is T

shown in the figure. What is the v

emf and internal resistance of 0O | =14

each cell? (A12016) Anh]

Y (2 marks)

50. Acell of emf E and internal resistance r is connected :
to a variable resistance R. Draw plots showing
the variation of (a) terminal voltage V with R, and :

(2023) |

Two conductors, made of the same material have

equal lengths but different cross-sectional areas A,

and A, (A, > A,). They are connected in parallel across

a cell. Show that the drift velocities of electrons in

(2023) :

Acell of emf 'E' and internal resistance r’isconnected :

across a variable resistor 'R. Plot a graph showing

{b) V' with current I, in the circuit.
51.

two conductors are equal.
52

R=40 -
_ (A12017) (Ap)
56. Acellofemf'E and internal resistance 'r' is connected
i across avariable load resistor R. Draw the plots of the

terminal voltage V versus (i) R and (ii) the current I.

It is found that when R = 4 £, the current s 1 A and
when R is increased to 9 £} the current reduces
to 0.5 A. Find the values of the emf E and internmal
resistancer. (Delhi 2015)

T (5 maris)

57. (i Define electrical conductivity of a wire. Give its
Sl unit.

(ii) Highcurrentistobe drawn safely from (1) alow-
voltage battery, and (2) a high-voltage battery.
What can you say about the internal resistance
of the two batteries?

(iii} Calculate the total energy supplied by the
batteries to the circuit shown in the figure, in
one minute,

10 4V 20
AMAA ]
10V = &0
AR
v

(2023)

variation of terminal valtage '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.

(A1 2014) (Ev) i
Distinguish between emf () and terminal '
voltage (V) of a cell having internal resistance 'r. :

Draw a plot showing the variation of terminal
voltage (V) vs the current ([} drawn from the cell.

. {a)
(b}

the source of internal resistance r, is zero, then R

equals to
Iy - I;L I +r
@) 22 (b) ro-ry (0 L2 (d 12
f=n fz=nh AL

(Term|2021-22) :

M (1 mark)

5%. Under what condition will the current in a wire be
the same when connected in series and in parallel of
n identical cells each having internal resistancerand :

(2019) (An)

external resistance B7

BT (2 marks)

3.11 Cells in Series and in Parallel
MCQ

58. Two sources of equal emf are connected in series.
This combination is, in turn connected to an external
resistance R. The internal resistance of two sources
areryandr;(r; > ry). If the potential difference across

3.12 Kirchhoff's Rules

MCO

: 65. Kirchhoff’s first rule £I = 0 and second rule ZIR = E
Iwhere the symbaols have their usual meanings) are
respectively based on

la) conservation of momentum and conservation

of charge

(b) conservation of energy, conservation of charge
lc) conservation of charge, conservation of
(d)

momentum
conservationof charge, conservationof energy.
(Term 1 2021-22)



&0, A 10 V cell of negligible

internal  resistance is E:—
connected in  parallel
across a battery of emf
200 WV and internal || AMA
resistance 38 2 as shown /0
in the figure. Find the value
of current in the circuit.

resistance of the equivalent cell.

TN (3 marks)

&2, (a)

resistance of their parallel combination when :
connected across an external resistance R. :
Assume that the two cells are supporting each |

other.

(b) In case the two cells are identical, each of emf :
E=5V and internal resistance r = 2 O, calculate

&7. Kirchhoff's first rule at a junction in an electrical
{2020) :

63. Two cells of emf and internal resistance &,,ry and €5,
ry are connected in parallel. Derive the expressions

for the emf and internal resistance of a cell whichcan

M 2 marics)

&8. Use Kirchhoff's rules to determine the potential

voltage across the external resistance R = 10 &

replace this combination.

(5 marks)

&4, (i)

{2019C)

load.

(i) Three cells, each of emf E but internal resistance
2r, 3r and ér are connected in parallel across a

resistor R.

Obtain expressions for [i) current in the circuit,
and {ii) the terminal potential difference across the
(2023) () §

equivalent cell.

&9, State Kirchhoff's rules. Explains briefly how these
rules are justified.

by the resistance R =4 1.

(2018)

61, Two cells of emfs 1.5 WV and 2.0 V having internal
resistances 0.2 @ and 0.3 £ respectively are
connected in parallel. Calculate the emf and internal :

(Delhi 2016) (An) :

Two cells of emf £, and E, have their internal
resistances ry and ry, respectively. Deduce an
expression for the equivalent emf and internal |

A cell emf of (E) and internal resistance (r) is :
connected across a variable load resistance (R). :
Draw plots showing the variation of terminal :
voltage V with (i) R and (i) the current (I) in the :

(Delhi 2014) :

- XM (2 marks)

70, In the electric network shown in the figure, use
Kirchhoff's rules to calculate the power consumed

&6, An experiment was set up with the circuit diagram

showninfigure.GiventhatR,=100.R,=R;=5Q,r=0Q
andE=5V

h 3 f
: [I} The points with the same potential are —
: @) bed (b) fhj (o def (d) ab,j
(it}  The current through branch bg is
1 1 2
1A b) =A —A d) =A
(a) (b) - () S (d) =
: [iil} The power dissipatedinR;is
fa) 2wW b} 25W [} 3W d) 45W
i (v} The potential difference across Ry is
(a) 15V (b) 2V e 25V (d} 3V

(Term | 2021-22)

network. deals with conservation of
(a) energy (b) charge
fc} momentum

{d) bothenergy and charge {2020)

difference between the points 4 and D when no
current flows inthe BE of the electric network shown

in the figure.
v
20
(Al 2015) (Ev)
: 3.13 Wheatstone Bridge

73, Use Kirchhoff's rules to obtain the case for the
balance condition in a Wheatstone bridge.



, E=12V =21

A ] AW C

B = Wity o
fo# L

El—e—]} F
L Eaesv

(3 marks)

71. Using Kirchhoff's rules, calculate the current through

LT B (3 marks)
EIm

75. Derive an expression of balance for Wheatstone

the 40 £ and 20 2 resistors in the following circuit.
BO W

A A
400
D A c
1062
E—{——W\—F
a0V

(5 marks)

72. (i)

how these rules are justified.

(il The current is drawn from a cell of emf E and :
internal resistance r connected to the network
of resistors each of resistance r as shown in the
figure. Obtain the expression for (a) the current
drawn from the cell and (b) the power consumed |

in the network.

;;;;;;;;
rrrrrrrr

aaaaaa

(Delhi 2014C) (Ap) |

I G5 marks)

i 76. (a)
(Delhi 2019) (Ap) |

State the two Kirchhoff's laws. Explain briefly

(Dethi 2017)

{2020, Delhi 2015)

74. Caleulate the current drawn from the battery by the

network of resistors shown in the figure.
25

WY

A 10 50 p 40

e AR
Wi L W

£

Y'Y V—
20

(A1 2015C) (]

bridge. (1%/3, 2020)

State the principle of working of Wheatstone
bridge. With the help of a drcuit diagram,
explain how it is used in the determination of
the specific resistance of the material of a wire
using meter bridge.

(b} A cell of emf E; = 2 V and internal resistance
ry = 1 Q is connected to another cell of emf
E; =8V and internal resistance r, = 2 O through
an external resistance of 4 £ as shown in the
figure. Find the potential difference between

point A and point C.
B
A R
gy 1o

N

-------------

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

(Al 2020C)

CBSE Sample Questions

3.2 Electric Current
MCQ

1 A battery is connected to the conductor of non-

uniform cross section area. The guantities or guantity 2. If the potential difference V applied across a

which remains constant is
(a) electric field only

(b) drift speed and electric field
(c) electric field and current

(d) currentonly.

(Term 12021-22) (R

3.5 Drift of Electrons and the Origin
of Resistivity
MCQ

conductor is increased to 2V with its temperature

kept constant, the drift velocity of the free electrons
in a conductor will

fal remainthe same.
(b} become half of its previous value.



{c) bedoubled of its initial value.
{d) becomezero

3.7 Resistivity of Various Materials
MCQ

L

material B.
2] 1]

T—

fig (i)

T—>
fig (i)

{a) Material Aiscopper and material B is germanium
{b) Material A is germanium and material B is !

copper

{c) Material A is nichrome and material B is

germanium
{d) Material Ais copper and material B is nichrome

&, An electric current is passed through a circuit

passing through the wire will be

(a 2:3 (b)) 3:2 (& 8B:27 [d 27:8

3.8 Temperature dependence of
Resistivity

MCQ

5.  We use alloys for making standard resistors because

they have

(a) low temperature coefficient of resistivity and

high specific resistance

(b) high temperature coefficient of resistivity and

low specific resistance

low temperature coefficient of resistivity and . & .
(e P 4 : 3.11 Cells in Series and in Parallel

(5 marks)

(Term12021-22) (U] |

low specific resistance
(d) high temperature coefficient of resistivity and
high specific resistance.

3.9 Electrical Energy and Power
MCQ

. 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

The temperature (T) dependence of resistivity of
material A and material B is represented by figure (i} |

and figure (ii) respectively. Identify material A and | 3.10 Cells, Emf, Internal Resistance

8 A straight

(3 marks)

containing two wires of same material, connected in !
parallel. If the lengths and radii of the wires are in the
ratio of 3: 2 and 2 : 3, then the ratio of the current

(Term12021-22) (U]

i 7. Three resistors having values Ry, R, and Ry are
(Term 12021-22) (U]

connected in series to a battery. Suppose B, carries a
current of 2.0 A, R, has a resistance of 3.0 ohms, and
R dissipates 6.0 watts of power. Then the voltage
across Ryis
fa) 1V (B) 2V

{c) 3V (d) 4V

(Term12021-22)

MCQ

line plot
showing the terminal
potential difference (V)
of a cell as a function of
current (I) drawn fromit,
is shown in the figure.
The internal resistance
of the cell would be then
{a} 2.8ohms

(b) 1.4o0hms

(c) 1.2ohms

(d) zero

Ln
=8

— v [Volts)
R

B

'_l.
BB

{ — t
05 1015 20
—* [(Ampere]

{Term| 2021-22)

5
9. Avariable resistor R is connected across a cell of emf
E and internal resistance r.
(a) Draw the circuit diagram.
{b) Plot the graph showing variation of potential
drop across R as function of R.
{c) At what value of R current in dircuit will be
(2020-21) (A

Maximum.

10. Astorage battery is of emf 8V and internal resistance

0.5 ohmis being charged by d.c supply of 120V using

a resistor of 15.5 ohm.

(a) Draw the circuit diagram.

Ib) Calculate the potential difference across the
battery.

lc] What is the purpose of having series resistance

in this circuit? (2020-21) (Ap]
j.l

11. {a) Explain the term drift velocity of electrons in a

conductor _Hence obtain the expression for the

current through a conductor in terms of drift

velocity.

Ib) Two cells of emfs E; and E; and internal
resistances ry and r, respectively are connected
in parallel as shown in the figure.

Creduce the expression for the



radius and twice the length as compared to urlgm-,al

wire is used then the heat developed in it will be

fa) H/2 (b) H b 2H (d) 4H
(Term 12021-22) () |

Eiry

<>

E1|,. f;_!
(2022-23)

Detailed gl 8Vagle] 1

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

Previous Years' CBSE Board Questions

1.  Conductors contain free electrons. In the absence of
any external electric field, the free electrons are inrandom |
motion just like the molecules of gas in a container and the |

net current through wire is zero.

If the ends of the wire are connected to a battery, an
electric field (E) will setup at every point within the wire. :
Due to electric effect of the battery, the electrons will :

experience a force in the direction opposite to E.
Z (a):Here, V=200V;R=1000;t=1s
vV _ 200
VIR ls=—=—==2A
R 100
g=lt;g=2x1=2C

a___ 2 195,10

Ne—=———"—"7"7"7"7]=
e 1é6x107¥

3. (b : J=ui =:-~ér=ﬁ. conductivity of the material.

Current density is microscopic form of Ohm's law. J=o E.

OR
[a) : Resistivity is the ratio of electric field to current
density.

4. Aj=AA;=2A

LY VA v _ves
"Rl YR g
VA
_IJt Exﬁt
5o, T =1
pl24

5.  The physical quantity that remains constant along

12. (a)

=

(i} equivalent emf of the combination

{iil equivalentinternal resistance of the
combination

{iii} potential difference between the points 4 and B.

. 3.12 Kirchhoff's Rules
- (5 marks)

State the two Kirchhoff's rules used in the

analysis of electric circuits and explain them.

(b) Derive the eqguation of the balanced state in a

Wheatstone bridge using Kirchhoff's laws.
(2022-23)

decreases to g If the current remains the same the

potential changes as
V= q:ﬂ—ﬂ--ixip%-dv [Using (i)]

The new potential applied across the metal rod will

be four times the original potential (V).

: i B.  Electrical Resistance :
Let the current is | and the number of electrons are n. () The electrical resistance of a conductor is the
! obstruction posed by the conductor to the flow of current
: throughit and is denoted by R.

¢ (i) 1ts Sl unitis ohm (Q).

i [iil) The resistance of a conductor depends on the length
of the conductor, its area of cross-section and nature of
¢ the material.

| =t

A

: Resistivity :

(i} The specific resistance offered by the conductor
i of unit length and unit cross sectional area is known as
resistivity. It is denoted by p.

: (ii) ItsSlunitis ohm meter (Q m).

: (iii) Resistivity does not depend on the length of the
: conductor or its area of cross-section but it depends on
. temperature and nature of the material.

I
%, Infirstcircuit:



the wire is electric current.

is defined as the ratio of the current density to

resistivity (p).
Electrical conductivity, la)= 1 =
P

SlLunit=mhomor{ochmm)lorQ *m!

7. From Ohm's law, we have

V=R = V=lpt
A

10. (b} : The resistivity p is given by p=——
ne"t

Resistance is given by

Commonly Made Mistake @

= Resistivity depends only on the nature of material and
temperature of material.

11. (c): It remains unchanged.
2 : G erd
12. Thereis nochange in mobility. |.I.=-E-

13. Driftvelocity,v,=So% e, v, ot
m

By increasing temperature relaxation time decreases, 19. [=nedv
therefore we can say that the drift velocity decreases with ' :

the rise in temperature.

14. When an electric field is applied across a conductor

: . T | -1
then the charge carriers inside the conductor move with : = 1042x 10" ms"=1mms

an average velocity which is independent of time. This | 20. Drift velocity is defined as the average velocity with

which all the electron move inside a conductor under the
i ewternal electric field.

Relationship between current (I) and drift velocity (v,), - o
i iy theslopeoflineis Thepes

velocity is known as drift velocity (v,).

[ = nedv,
where, ne = amount of charge inside the conductor
and A =areaof cross-section of conductor

15. 1= nefv,

v ) pl'}
=—— U A=—
vy =i [ sing A="

146. When an electric field is applied across a conductor

then the charge carriers inside the conductor move with Asarea ;,Ia,} decreases from A to B, so E increases.

an average velocity which is independent of time. This
velocity is known as drift velocity (vg).
Current flowing in a conductor is given by | = nedv,

Current density J =%

I =nevy

21 ()

) 1=t

- {0 Mobility: p="4=

| Reading of ideal voltmeter = 6V
6. The electrical conductivity of a metallic wire :

i Total resistance=1+1=20

the electric field it creates. It is the reciprocal of :
Current in ammeter =E=-§-=?.5 A

Met potential difference=9+6=15V

i |nsecond circuit;

: Reading of ideal voltmeter = 6 V

. Net potential difference=9-6=3V
Total resistance=1+1=210

{0

Current in ammeter =% =E=1.5 A

2
2
-1 _NE" 1= etk
=2 +E -0
=2 [+ va=
is parallel to E,
2
J=£l’£
m
1 ne?
g=—=—T
pom
- Uk
p

& ey oins (G

= A current density and an electric field are established
in a conductor whenever a potential difference is
maintained across the conductor.

o B 15 el
ned 9x10%Bx16%10° ¥ x1.0x1077

¥

¥4 ET

(ii) Asslope s %.suwireﬂis longer.

Electric field increases, E=%

g_IR_Ipl_lp
S T e

I
A

As area (A) decreases, current density (J) increases.

vy efx. ex
E mE m

As, g, T and m are constant so, mobility is constant.



17. Maobility of a charge carrier is defined as the drift |
¢ which electrons move in a conductor when an external
: electric field (or potential difference) is applied across the
: ponductors.

The drift velocity controls the net current flowing across
i S S o any cross section. There is no net transport of charges
The 51 unit of mobility is m*™ V"~ s, Mobility in term of © across any area perpendicular to the applied field.
i Relaxation time :
i successive collision for the drifting electrons in the
conductor.

i Itisafactor in determining the electrical conductivity of a

conductor at different temperatures.
(b

F 23, (a)
i defined as the ratio of the current density to the electric
! where,

velocity of the charge carrier per unit electric fisld.

It is generally denote by .

p="d

E

relaxation time: Vy=—-t
m

In magnitude, v,=£t or El’-=E: u=E
m E m m

1B. Aswe know that

1= neAvy

Also current density 1 is given by J=l.ﬂ.

field it creates. It is reciprocal of resistivity (p).
1

Electrical conductivity, ‘ﬁ:|=1= 3
P

S.Lunit=mhom or{ohmm) lor0 tm™
(b) The electric field E exerts an electrostatic force -Ee.

e - =—eF
Acceleration of each electron, d=—
m

where,

m = mass of an electron

£ = charge on an electron

= ﬁl +'F2 . PRI, 'I"Frl I H I
v

E

-

| —

= (0 +8Ty )+ (0 + BT )+ (i, +8T,)
Vi=

n
where,

iiy 0, — thermal velocities of the electrons
dt,, ar, — velocities acquired by electrons
T3, Ty — time elapsed after the collision

7= (G, +u, +E"}+ Ty +T5 +.. 1, )
4 n n

Since e B e =0, we get
n

v, =T,
re ATt Tt et Ty
n

where,
elapsed.

Substituting the wvalue of a in equation (i) from
equation (i}, we have
V -iﬁ'r
= m

Hence average drift speed, vy =E: L
m

Electric current flowing through the conductor

)
: Since 1127 _ 0, we get
H n

- (b) Interms of potential difference, v, =S

i)

22. (a) Drift velocity : It is the average velocity with

It i= the average time between

eV ¥
T=-4

mx 5L 5

The electrical conductivity of a metallic wire is

v —E—'r = vh=
d mL d

.0, — thermal velocities of the electrons

dt,,dr, — velocities acquired by electrons
i Ty, Tz —* time elapsed after the collision

_ g+ +0,) 2 8Ty +Tg +oee +Ty)

'I"d-—

n n

vy =ar, i)
g Ty 4Ty + Ty bt T, 2
{ where, =12 3 B js the average time
: n
i elapsed.

Substituting the wvalue of a in equation (i) from
i equation (i), we have

o gl .
v, _F.t L)

Hence average drift speed, vd=i'r f
1 m

ev

m,

Sa, tripling the length of the conductor L' = 31 and keeping

i)

¢ initial value.

is the awerage time :

V constant, the drift velocity will reduce to one third of

l"d=

3

: 25. Current is constant in non-uniform cross-section,

Commonly Made Mistake | 4k

= Students might be thinking that, charges slow down
at thin cross-section of a wire. However, to maintain
a constant current electrons move faster at this cross-
section.



= Current is the flow of free charges such as electrons.

Drift velocity v, is the average speed at which charge
moves,

24. (a) The electric field E exerts an electrostatics |

i 26, (a)
conductor then the charge carriers inside the conductor
. move with an average velocity which is independent of
time. This velocity is known as drift velocity (v,).

Total number of free electrons in a conductor PQ of
length |, cross-sectional area A having n free electrons per
¢ unit volume is

© N=nxvolume of conductor PQ or N=nAl

force -Ee. i

. Zif N
Acceleration of each electron, §=— whi) i

m L}
where, E :
m= mass of an electron eg
e = charge on an electron —
Fi +'F2+ ....... +'; .
Fd n = IH i
- i +at, )+ (i, +01, )+ e +(i, +dt,)
n
MNe nAl
i, 0l or | = neflv,
t ot vy,

velocity.

through the conductor
Q=%x5x5+{1ﬂ—5}x5=3}'.5c

27. i)
per unit electric field. It is denoted by symbal .

= —

E E m

charge carrier respectively.
The Sl unit of mobility ism*V 5%,

(i) Asdriftvelocity, , __!

For steady current, v, -:-c-f;-

As from figure, area at A is less than area at B, so drift

velocity at point A is more than drift velocity at point B.

Also, drift velocity of electrons is given by, 7, = v
m

It is defined as the magnitude of drift velocity
i where,

i iy,0, — thermal velocities of the electrons
i dry,dty — velocities acquired by electrons

V=

When an electric field is applied across a

: Time 't’ in which an electron moves from Pto Q, all N free
. electrons pass through cross section Q.

t=—

L]

where v,is the drift velocity of electrons in the conductor.
i So, electric current flowing through conductor is given by

—ef i

Acceleration of each electron, g=——

m

This gives the relation between electric current and drift | WHere, E

i m=mass of an electron

(b) Area under It curve on time-axis is charge flowing | ©~ chargeonanelectron

n

., L-r—'-

Hp

_‘FI+F2+ _____ _+'Fﬂ
n

o+ )+ +ET)+ o iy +ET)

n

where g, Tand m are charge, relaxation time and mass of a Ty, T; —+ time elapsed after the collision

_(u, +a, +r.T|,l:|+ﬁ1’,t,1+'|:2 T # T )
n n

i Since AtV o we get
1 n

Vg =T, ....{I-IJ
i Ty + T+ Tt +T. &
i where, r=-1—2_3 o is the average time
¢ elapsed. m

Substituting the wvalue of @ in equation (ii) from
! equation (i), we have

—ef
Fd=?-t

i)

Hence average drift speed, ""':!:ET L
3 m



“..'E.q h'ﬂ. o E

field at B.
105
{iii) AR
100
AV = % 1462
308 100

Mow, 1022 and 14 £ are in series.

Rs.l“ 100 +140=240

Also, 10 £2 and 10 £ are in series

R52= 100+1002=200

The circuit is resolved as 30 Q, Rsl. Esz are in parallel.

113 3
R, 30 24 20
1 _445+6_ 15 P o e
R, 120 120 T
120
=—=80
=15
V 6 3
C— Eﬂt. '=—-=—=-—A
urr R‘P 34

constant electric field.
The electric field E exerts an electrostatics force, F = -Ee.

o la, +i, +|L'1|"]-+ ATy +Ta +..t 1)

V.=
4 n n
Since 2127 _f e get :
n :
Vy = dr, i) §
where, t=11127T3%=¥E Go phe average time i
n
elapsed.
Substituting the walue of o in equation (i) from :
equation (i), we have
- i)
Vy=—0Tt i
4= i

Hence, average drift speed, v, =£1’ 1
m

Since I = -ne Av,

| = ne”ATV/ml
vV _ ml E_I m
—_——= = WOp= —5
I nefar A {ne“t)

Here, we can see that all the variables on the right hand 5. Xasslope =1
R

side are constant for a particular temperature of a :
R=PI

conductor. Hence,

E:K ar E=R‘

= V=IR
! !

i) ng=15
Hence, electric field at point A is more than electric field | ) "~ "8

28. (i) On an average the electrons acquire only a drift | where,
speed at a constant temperature under the action of !
i @ty 812 — velocities acquired by electrons
i Ty, T2 — time elapsed after the collision

32. |b):As rE*_iisti'«"ii:'..".F"=l

! resistivity decreases. This is the
semiconductor.

Commaonly Made Mistake @

A B
v e P P e
—dA s Pa P

i As they are in series, so current is same.

MaeAaViga =ngelg Vg

Vaa _ns  Ap [Ag=A,]

Vg ma Ay
L
_ Vg 1505 3
29. (i) The electric field E exerts an electrostatics
force -Ee.
! Acceleration of each electron, ||:':'=--—£-E |
; m
{ where, £
¢ m=mass of an electron ae
e = charge on an electron ——
P G ¥y Fidb
| vd_v +" :"| &
o (0 8T ) (0 43T+ iy +T)
Eiy=

n

iy, iy —r thermal velocities of the electrons

2
o 1 il 1 ne‘t
i T T
33. (a)
: 34 (c): The negative temperature coefficient of

! resistivity shows that when temperature increases,

property of

= Sometimes students may think, all the materials
having identical dependence of resistivity on
temperature. But, this iz not true, as different
materials have different dependence on temperature.
For example, materials like nichrome, manganin and
constantan are less likely to change their resistivities
with temperature.

1
[

| ReR,



|
where R=—o
nefAt
{ii} Electric current : The rate
of flow of charge through {a non-

—
uniform conductor) a conductor &j

is same, hence current remains v
constant. L

will not be same.

electric field applied. It is given by

FE,:—E-:: k‘d=ﬂf

m mi
where m = mass of electron, e = charge of electron
E = electric field applied

2
Further, | = nev, and J=£=md ek

m

31. (i} Region DE has negative resistance property
because current decreases with increase in voltage or
slope of DE is negative.

(ii) Region BC obeys Ohm's law because current varies

linearly with the voltage.

Concept Applied (&)

= The variation between potential difference (V) and
current ([} through a conductor is represented by a
straight line passing through the origin and having a
constant slope. The reciprocal of slope of line gives
resistance.

3%, Variation of current versus voltage for Gads.
Mon Metative

! linear resistance
region regu:ln
:
T

increases linearly with temperature.
41, (i)

linearty and beyond T = 5 K resistance becomes constant.

(i} In region BC, the material shows negative resistance

E 36, AsR=T

- Sainl-Vgraph,

. terminal.
47. [d): The current flowing through the circuit will be

40, Increasing temperature causes greater free electron

collisions due to increased thermal vibrations of atomsand | 48 As v=¢-Jr

hence, resistivity p {reciprocal of conductivity) of metals :

Resistance of Hg below 4 K is zero so it behaves |
like a superconductor. Between T= 4 K to 5 K resistancerises |

AV

R 1
(Slope of 1=V graph)

i v

A - s Resistance of metallic wire increases with tem, ture.
As area of cross-section of the conductor is varying so : Her:z‘e T.<T [cwirs inereases wi peratur
current density through wire and drift velocity of electron e Sl

i 37. The resistivity of a metallic conductor is given by

- p=pdi+alT-Tyl

30. Drift velocity is defined as the average velocity with :
which the free electrons get drifted towards the positive
end of the conductor under the influence of an external ;| To= Reference temperature
i o = Coefficient of resistivity
: From the
we can say that the graph
i between
: conductor with temperature
i is straight
temperatures much lower than
: 273 K (ie, 0°C), the graph
{ deviates considerably from a
i straight line as shown in the figure.

where pg = Resistivity at reference temperature

above relation,

=
=

resistivity of a

=
ha

line. But, at

Resistivity p (10722 m)

o 50 100 150
Temperature T{K) —#

38. The wariation of resistivity of copper with
i temperature is as shown in figure.

E

o 104

S Loz

a

50 100 150
i TiK) —»
{ Multiplying both side by V2, we get
: v? VE UII
—=—+— or P=P,+P;

i R R R
{46, (¢): In a de circuit, the R I
 current outside the battery A
: travels from positive to negative &
terminal and inside the battery, |
i it is from negative to positive IF
: Battery

maximum when the enternal resistance is zeroie . R=0.

E A

resistance




property because current decreases with increase in i

voltage or slope of BC is negative.

42, (a): Rating of bulb = 220V - 100 W
Operating voltage, V= 110V

. vi 2202
Resistance of bulb, R=—=="—=4840

25150 il P 1m
vZ 1107

Power consumed by bulb, P=T=m =25W
43. bRy, =4Q.R;=60Q

4 2 R
el g .

R, * Ry R,
PR _6_3 N
P, R 4 2 i
44, Heat dissipated in awire is given by
H=1%Rt
H=—FPH [.R:E’]

A A

For same current I, length  and area A, Hdepends on p
He=p and poiencome > Peopper
Hence, nichrome wire will heated up more,
d45. Inseries: 2 2
; v v
Resistances of the bulbs, R, =TPT,R2=-

P,
Equivalent resistance, R=R; + R;
If P is the effective power of the combination, then
1 1 1

— |~

R L R
vio V2
In parallel : Resistance of the bulbs, R, = P_R2 —
1 2

As the bulbs are connected in parallel, their effective : terminal voltage 'V of the cell

: versus the current 'l
Emf of the cell = Intercept on y axis
i Internal resistance = slope of line.

resistance R is given by

t A

R R, R,

52, Terminal voltage "V of the cell is R

E is the emf of the cell, r is the internal
resistance of the cell and | is the
current through the circuit.

v

i,
e

The potential is varying with the ratio
of internal resistance and varying
: resistance, and maximum terminal
: voltage is E and at this maximum
value resistance become too large.

55. (a)

S0, V=-Ir+E
Comparing with the equation of a

V=E-Ir
b

E
Vi _}
a [R‘+r

: 49, Potential difference across a cell with internal
i resistance,risV=e-1Ir.

i As three cells are in series, so emf = 3¢ and internal
i resistance = 3r

V=3~ 3rl

Whenl=0thenV=6V.s06=3c-0ore=2V
WhenV=0then!=1As00=6-1=3r
ior 3r=6 or

r=2%}

50. Terminal voltage 'V of the cell is

P V=E-Ir &
: Eis the emf of the cell, r is the internal —'ﬂﬂlﬂ—

: resistance of the cell and | is the

current through the circuit. |:E
f(a) V=IR L
. - L@
R+r 1+[£]
R

T
v
E

: (b) Here,V=-Ir+E =
Comparing with the equation ¥

: ofastraight line y = mx +¢, TE

| weget,

y=V:x=F rl'emllsnal

Im=-r;c=E woltaga)

. Graph showing variation of I Teareng

2 2 H
i H=v—t:}ﬂ=av— Lt —=='|.I"'2
R t R t

Given heat produce per second E , increases by a factor
| of 9. t

! Hence, applied potential difference Vincreased by factor
i of 3.



straight line ¥ = mx + ¢, we get,

y=V.x=1 T E
m=-r,c=E

Graph showing wvariation of rrmlanal
terminal valtage 'V of the cell voltags)

®

versus the current'I”, |

Emf of the cell = Intercept on V axis
Internal resistance = slope of line.

53. (a) Electromotive force
of emf 'e" of a cell is the
potential difference across its
terminals when no electric
current is flowing through it
or it is in an open circuit.

Terminal valtage V of a cell is
the potential difference
across its terminals when
some electric current is

K on {closed)

flowing through it oritisina
closed circuit.

(b) Terminal voltage 'V of
the cell is

V=E-Ir

E is the emf of the cell, r is the
internal resistance of the cell
and | is the current through
the circuit.

() VversusR,
i Terminal voltage,
V=E-Ir

| Vet Eerpah

: (i) Vwersusl,
f V=E-Ir

{ WhenR=40,
i thenl;=1A

Lr+da=E L)
| WhenR=90 theni=05A= = A

So,V=-=Ir+E
Comparing with the equation of
astraight line y = mx + ¢, we get,

¥g ET
= Asp=-—"=—
o [ M m]

The 5l unit of conductivityis @ *mor5 mor mho m™L

(i} As, we know, ]=if.fh.iu5.
r+R r

If the current required is high, then for a low voltage
battery, internal resistance should be very low. And fora :
high-voltage battery, internal resistance should be high.

(iii) 10 4V 2o
I
10 }, 602
At
30
Total resistance R= 12 £
Current, I=£=M=£A=1‘.A

124 12 2
Energy supplied by battery 10V is ‘U, *=Vit

=iﬂx%xﬁﬂ=3m1

_E_12 1

= =——=—=24A
R+r 4+2 &

| VeE-lr=12-2x2=8V

56, Given situation is shown | Er
i infigure

E
r+R

s ER
r+R  r+R

V {valt) —>

R (ohm) ——:

E

1=——
r+4

V{volt) —

1
lampere]l—»

1 E r+4

r+4 Usi .
2 r+% r+% {Using eqn. (j]

r+2=2r+B.r=10
: Fromeqn. (i), emfE=1+4=5V

{57, (i)

i The reciprocal of resistivity is known as
i conductivity or specific conductance. It is denoted by
! symbol o.

e =TV, %

i ! ""f_rlﬂ'i

i 1.5x03+2x0.2
T 0.3+02

P 0.45+0.4 = 0.85 —17V

0.5 0.5

| 62. (a) Here, I=ly+ b 0

a8
Eary
i R
i Let V= Potential difference between A and B
i ForcellE,,
V=E;-lyry = 11=5'—V
h

C nd



Energy supplied by battery 4 Vis 'U,'=Vit
=4x%x60=120)

Total energy = 300J + 1201=4201
58. (b}

5%. For series combination

. Similarly, for cell E,, I =

E{H"f=

e W Eyr, +E,ry [ A%z
: o+ ot

Comparing the above equation with the equivalent circuit
i ofemf'E,, and internal resistance '’ then,

| Then, Egy=

For parallel combination .1}
£
= T R
R+— I
n
As per question, ‘E,',ﬂ
L
‘1 =]2 = RHE =—E-- It
+ar p. r
n T
R+nr=nR+ror(n-1r=(n-1)R
orr=R

which is the required condition.

60. As cells are connected in parallel so potential :

difference across terminals of each cell is same.

200-381= 10 10V
381 =200 - 10= 190 A v
190 i
b= =aA A 200v 380 B
L3V, n.'%.n -
.2 Ty
— Eq r'-
61. —g = — —w—p
L]

2V

_Il_ﬂ.l'o'lu_
E? r]

Here,I=l;=1

=E1-V+Ez-v

f Fz

:=(EL+51 v{l+l]
h K n n

Hence. V| E12tEan | nfy
! Fyrs [+

I

Eiry +Eary
S =
12

EETE
and rm.f:'l—2
f-i'l'l'i

Thencurrent. I=

Ey=V

Putting these values in equation (i)

_Ei-V Ep-V

fy fa
[E_1+E_2]_1||I" 1+1
R R R &

i)

Eyrs +Ean L5
B S and r, —_—:I'2

Il 1'H"2 f1 "H"i

© (b) GivenEy,=E,=E=5V
L andry=ry=r=20Q and R=100Q

Ew 5 5
R+ry 10+4/4 11

Voltage across the external resistance,
5 50
V=R=—x10=—
11

=455V

&3. Here, two cells of emf Ey, E; and internal resistance ry
i and ry Letcurrentis Iy and 15 is from E; and E;.

Ey.ry

Iy

A B B £

I

Ex.rz
Su.l=£=—=1.ﬂ.
Req
Curmntinhg,i:%:%:%

: (iil) (b): Power dissipated in R,
Plaﬁniw%xlmzsw

{ivl {c):Currentin R l3=%A

! Potential difference across Rs, V3 =13R; =%:~:5=25 v



&4. (i) Terminal voltage N

V=ECE-Ir
E i

R+r

i - E
G v=E_E=ER+Er Er
+r R+r

So, the graph between Vand R is
(i) Terminal voltage 'V of the cellis R
V=E-Ir

E is the emf of the cell, ris the internal
resistance of the cell and | is the

! &8. First
calculate R for no current
i through R.. 1¥
: By Kirchhoff' law,
P 3I+RI+2I=1+4+6 o 3V
: 5[+RI=11
i Also,inloop (1), &V av

current through the circuit.

So, V=-Ir+E
Comparing with the equation of a
straight line y = mx + ¢, we get,

y=Vx=l; I' E

m=-rc=E v

Graph showing variation of  (Terminal
woltage)

terminal voltage 'V of the cell
versus the current '/, |
Emf of the cell = Intercept on V axis
Internal resistance = slope of line.

(i} Total internal resistance,

[ {current)

o 3 &r 6r

&9, Kirchhoff's first rule ;: The algebraic

sum of all the current passing through a

i) l=—

) R+r £ ;

(i) V=E-Ir ——wA— |

o - -, '
R+r R+r

65. (d) '

&6, (i) (b) :Here, Ry =100 R,=Ry=50.r=0,E=5V

potential.
(ii) (c):R,andRyinseries,R,=5+5=10Q
10x10

=512
10+10

Now, R, and R, in parallel, R, =

junction of an electric circuit is zero.

; : ; i Here, Iy, 1, 13 1y and Il are current in
As thereis no resistance between [, b, j so they are at same it Foaiihot. of - cheiit ulbsch
meet at a junction.

P =l +ly=Is=0

This rule is based on the principle of conservation of
i charge.

&7. (b) : Kirchhoff's first rule or Kirchhoff's junction rule
i deals with the conservation of charge.

fll Concept Applied @'

= Total incoming charges to a junction is equal to the
total outgoing charges from that junction.

we nesd to 30

Al a 5

P 3+21=3+6+1

: 5I=10 or I=2amp

: Usingineqgn. (i),

: 10+Rx2=11

i 2R=1or R=050

: Now to

: potential difference between

. : Aand D, we can assume a cell

2 of required potential Vi
between two points. .

i . On applying Kirchhoff's law, &V 4V
i i Vip-6-4=-2x05 {

EI—*\A&— i

Vm'?'ﬂ"ﬂ!t

2r

3r
f=r br
- E L
R ;

i)

..{iii)

determine  the

il

Vm—1ﬂ=-'-1 Van

Canswer Tips (7]

-

= When applying Kirchhoff’s second rule, you must
identify a closed loop and decide in which direction to
go around it, clockwise or anticlockwise.




of potential drops across the resistors of the loop.

Mathematically,
Ye=%IR i
Thisis based onenergy conservation

Using this rule, gy - £2= IRy + IR,
70. Inclosed mesh ABDC

Ly + (1 +I)R=12 2
ﬂi+4“1+!2:|:12 | E =12 r =320

20 +dly +4l,= 12 a 1 L -
&l +dl, =12

Al +2:=6 i) ;
In closed mesh BDFE & T B0 AN [
(ly+ L) R=6:(l; +1,)4=6 v

2,+21,=3 i) B} F
On  solving equations L Eesv

(i) and (i), we get
I,=3

Putting the value of [y in equation (i}

3, +20,=6

3x3+2L,=6l,=-15

Now, 1 +la=3+(-1.5]=154

P={l, + L) R=(15Px4=225x4=9watt.

Commonly Made Mistake e

= Sometimes on applying Kirchhoff's loop rule, students
not identify a closed loop and not decide the direction
of the loop. On applying Kirchhoff's loop rule you must
identify a closed loop and decide in which direction to
go around it, clockwise or anticlockwise.

71. Applying EVL in
closed loop ABCDA
-80+ 201, +40(l, - 1,)=0 Ar—

201, + 401, - 40, = 80 15 D Iy
?Fl—ﬂdﬂliﬂﬂﬂ ) 400 T

1= L= i) (] A t\, = c
Applying KVL in closed
loop DCFED Th Tt
-40(,-1)) +10,-40=0 L 3 Q3 :
~401, + 401, + 10l, - 40 =0 40V
-401, + 501, = 40
or -4l;+5l,=4 i) £
From (i) and (ii)
li=4Aandli=4A

Current flowing through 40Q =1, -1,=0A

Kirchhoff's second rule : The algebraic sum of the applied : 72. () Kirchhoff's first rule

emf's of an electrical circuit is equal to the algebraic sum |
i through a junction of an electric circuit

i5 zero.

i Here, Iy, I3 I3, 14 and I5 are current in
i different branches of a circuit which
incinto meet at a junction.

s Ry Re b oty g+~ lg =0

This rule is based on the principle of conservation of charge.
- Kirchhoff's second rule : The algebraic sum of the applied
i emf’s of an electrical circuit is equal to the algebraic sum
. of potential drops across the resistors of the loop.

i Mathematically,

{ LRy +1,G-(I-1)R3=0
: 1{Ry+ Ry} +1,G- IRz =0
i Consider loop BCDB

C - I)Ry = (1= 1y # 1R, - 1,G=0

| y{Ro+Rq) = In{Ry # Ry +G) = IRy =0 !4

{ When bridge is balanced, B and iz
D are at same potential ie, [; = 0.

: The
algebraic sum of all the current passing

! 1
i EE_=_E!R _ —_
: Thisisbased onenergy conservation
i principle. Ry :E R,
Using this rule,
é El_E.z:IEl"l'IRz -EL
¢ (i) Circuit can be redrawn as
h H .!.FEIIrIF
2r
I fr I=14 ¥
r
I‘I A
L e
For net resistance between point A and B.
¢ Here,r, 2r, 2r and rare in parallel.
1 1111 1 3 r
1 Sﬂ,_—=— et ——m— o =
i Rag F+F+2F+2f Rag r or, Rag 3
i . s r o dr
i Met resistance of the circuit, R =r+RM=r+§=?

fa) Current drawn from the cell

E E 3E

{b) Power consumed in network, P = IFR,4

g 35]%_352

“\ar) 37 160

73. Consider loop ABDA,

i)

i)




Current flowing through 20 Q. = 4 A,

Canswer Tips (7]
= |If direction of current through a resistance is the
same along which the loop is being traversed, then the
product of resistance and current is taken as positive
and vice-versa.

74. Since the condition %:E is satisfied, it is a balanced

bridge. .

The equivalent Wheatstone bridge for the given
combination is shown in figure.

The resistance of arm ABC, R51 =2+1=30

Also, the resistance of arm ADC,
Rsz =d+2=4600
Equivalent resistance

Current drawn from the battery lq
L N O

75. Consider loop ABDA,
LRy +1,G=({I-1;)R3=0
IRy +R5) +1,G=IR;=0
Consider loop BCDB
(Iy=1)Rs={I- 1y +1,)R, = 1,G=0
I{{R:+Ry) = 1{R; + Ry + G) = IR, =0 14
i)
When bridge is balanced, B and
D are at same potential ie. [, = 0.

~(f)

From equations (i) and (ii), we get
Ry+he Ry
R,+R, R,

RIR‘ +R3R‘ 'Haﬁq + E2R3 :Riﬂ,.‘_‘ R:Rs
i G |
R, Ry

74. {a) Principle : If four resistors Ry, Rz Rz and R, are

connected in the four sides of a quadrilateral.

The galvanometer is connected in one of the diagonal and

2 () Weknow, V=

From equations (i) and (ii), we get
: Ri+R3 Ry
i Ry+R, i Ry
E RIR“ * E:'I-Rﬁ - EERI + R_ERE :RIR.“ = R.ERS
R _Ry
- Ry Ry
: Rar?
L

Resisﬁuiwnfwire.p=%=
: (b) Inloop ACDA L
: a1, +21=8 A B
i 2, +1=4
¢ Inloop ABCA 4 h
: (I-1)x1-4l,=-2

I-5l,=-2 D c
5l =|=2 i) gv 22 |
¢ Add (i) and (ii)
: & b . M

--l”:I_= 6 Il:FA - V=112=Fx4=?m|t

J\_ CBSE Sample Questions /5

1. |d): 5ame charge flows through each cross-section in
i the given time. (0.77)

411

—eEr -eVt
T ml

If temperature is kept constant, relaxation time t will
remain constant, and e, m are also constants.
i Wy=Vand Vy=2V

0.77)

—

{3 Ib) : As copper and germanium are metal and

superconductor respectively. (1)
d lc):Here by clo=3:25r:r,=22:3: 1421,=7
Iy : I "
i Ry=p i) Ra=p -Aii)
. Dividing eqn. (i) by (i), we get
R b b _ax[a P 27
ER bhm? I, i 2 \2) (2 8
h ViR R 8
l, VIR, R, 27 (1)

battery is connected across another diagonal then the :

conductors.

Ri Ry
R: R4
provides no current flows through the galvanometer.,

for specific resistance when no current flows in i

galvanometer.

i 5. (a) : Alloys have low temperature coefficient of
resistivity (o) and high specific resistance. If & = low, the
value of R with temperature will not change much and
¢ specific resistance is high then required length of the wire
i willbe less. {0.77)

L6 (a): Hecl Ho g (0.77)



[ g [Ty 7. (o) (0.77)
m—) T — .
8 (c (1)
R
Aax Iy ..-}){ 100~ ,;C v Ea:l M [1}
W&M | - I.-
2 K | b B ]
R_Rw i} i (b) Potential difference versus R,
5 Roc
Rap _ | i d
——— i m— ekl 1
Roe 100~ e (1)
From (i) and (i) :
R R=s( ) |
§ 100~ 100~ ! () Maximum current drawn will be at R=0. (1)
10. (a) R ey : Putting these valuesin equation (i),
—— ] : o -
D PR R TP IO ]=E1 V—|—E—2-—V. or I= -E—i.-q--E;.. W }.1-'1_'-
;| b iy b h b
Anian— 1 1] 1 v Erztean | [ a6 i
1552 120V () o f+0y L+5 i)

(b) Given:r=050Q.R=1550
When the storage battery emf 8 V is charged with ad.c.
Supply of 120V the net emf of the circuit.

Comparing the above equation with the equivalent circuit
: of emf'e,,’ and internal resistance 'r,,' then,

F=120-8=112V o - - mer:"ﬂ e . i)
Therefore the current in the circuit during charging, i
O R i v U (i) e o o & (ii) fog = s
TRer 154405 s h+n
Potential difference across its internal resistance ie, | (iii) Thepotential difference between points A and 8
terminal voltage =8 +05x7=115V (1) i Veg,-lr, (3)
(c) Thepurposeofhavinga seriesresistorinthecharging | 12 (a) Kirchhoff's first rule : The

circuit is to limit the current drawn by the storage battery : algebraic sum of all the current passing
from the supply, In it's absence, the current during the :
(1) s zero.
11. (a) When an electric field is applied across a :
conductor then the charge carriers inside the conductor :

move with an average velocity whichis independent of time.

charging will be dangerously high.

This velocity is known as drift velocity (v,).
Relationship between current (J) and drift velocity (v,4).
Total number of free electron in a conductor PQ of length
I, cross-sectional area A having n free electrons per unit
valume is

M = n x Volume of conductor PQ or N=ndl

B (

o -1 ]

¥ |
7 1

through a junction of an electric circuit

Here, Iy, I5 I3 14 and |5 are current in
different branches of a circuit which
meet at a junction.

Pyl =lgtly-ls=0

This rule is based on the principle of conservation of charge.
Kirchhoff's second rule : The algebraic sum of the applied
emf's of an electrical circuit is equal to the algebraic sum
of potential drops across the resistors of the loop.
Mathematically, Eq

: Ye=TSIR

: Thisisbased onenergy conservation
: principle.

: Using this rule,

E Eq4 —Ep®™ IR:["" IRE

: (b) B

(2)



electrons pass though cross-section Q.
I

f=—

¥4
where v,is the drift velocity of electron in the conductor.
5o electric current flowing through conductor is given by

_g_Ne ndle
SEE
I= I'E'A‘ifd
This gives the relation between electric current and drift
velocity. (2)
(b) Herel=I,+I, i
Let V= Potential difference between A and B.
For cell g,, Eq.Fy
V=g -l }/I
=g =8 - \ L
g A B

Similarly, for cell &5, N /
iE=--=—E =¥ Ey Py

T3

{in)
Then't" in which an electron moves from P to (), all N free

© Consider loop ABDA

i LR+ 1G-(1-1)Ry=0
i 1Ry +Ry) +1,G-IR;=0 (i)
i Consider loop BCDB

Elly =Ry = (1= 13+ 1)Ry - 1,G=0

! LR+ Ry) =Ry +Ry+G)=IR,=0

(1))

When bridge is balanced, B and D are at same potential i.e.,
i 1,=0. From equations (i) and (ii), we get
| By

: Ry+Ry Ry

| RyRy+ RaRy= RgRy + RoRy i RyRy = RoRy
| By Ry

PR Ry

(3)




