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Q Electric current : It is defined as the rate of flow
; . conductor. ] ==2
of electric charge through a cross-section of the dt
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If the current is steady i.e. it does not change
with time, then

-4
t

where g is the charge that flows across the cross-

sectional area in time £,

Current is a scalar quantity. It is not a vector

quantity as it does not follow the laws of vector

addition.

SI unit and Dimension :

- The dimensional formula of current is
[MPLOTOA].

- The SI unit of current is ampere. It is
denoted by symbol A. It is also a practical
unit of current.

1€ 18
1A= - 6.25x10° electrons/s

Conventionally, the direction of current is
taken to be the direction of flow of positive
charges. Since electrons are negatively charged,
hence their direction will be opposite to that of
the conventional current flow.

If n particles, each having a charge g cross
through a given area in time ¢, then

=1,
t

The current is the same for all cross-section of a

conductor of non-uniform cross-section.

Current in different situations is due to motion

of different charge carriers.

- Current in conductors and vacuum tubes is
due to motion of electrons,

- Inelectrolytes due to motion of both positive
and negative ions.

- In semiconductors due to motion of
electrons and holes.

- Indischarge tube (containing atomic gases)
due to motion of positive ions and negative
electrons.

Current density : Current density at a point
inside the conductor is defined as the amount of
current flowing per unit area around that point
of the conductor, provided the area is held in a
direction normal to the current. It is denoted by
symbol j.

1
] A
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If area A is not normal to the current but makes
an angle 6 with the direction of current, then

= or I=jAcosf=]-A
/ A cosO J 4
Current density is a vector quantity.

ST unitis A m=.

Dimensional formula is [M°L-2T°A].

Drift velocity : It is defined as the average
velocity with which free electrons get drifted
towards the positive end of the conductor under
the influence of an external electric field.

Drift velocity of electrons is given by

Uy =— T

where e is the charge on electron, m is the mass
of the electron, E is the electric field applied
and 7 is the time of relaxation.

—ve sign shows that drift velocity of electrons
is in a direction opposite to that of the external
electric field.

Drift velocity depends on electric field as
vyo< E. So greater the electric field, larger will be
the drift velocity.

Unit of drift velocity is m s! and its dimensions
is [M° L T-1].

Relationship between current and drift velocity
I=nAev,;

where n is the number density of electrons or
number of electrons per unit volume of the
conductor and A is the area of cross-section of
the conductor.

Relationship between current density and drift
velocity
j=nevy

where symbols have their usual meaning.

Mobility : It is defined as the magnitude of drift
velocity per unit electric field. It is denoted by
symbol p.

lo;| _gEt/m _ gt

E E m

where ¢, T and m are charge, relaxation time
and mass of a charge carrier respectively.

The SI unit of mobility is m* V! s and its
dimensional formula is [ML°T?A].

Ohm’s law : It states that the current (I) flowing
through a conductor is directly proportional to
the potential difference (V) across the ends of
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the conductor, provided physical conditions of

the conductor such as temperature, mechanical

strain etc. are kept constant.

Vel or V=RI

where the constant of proportionality R is called

resistance of the conductor.

The graph between potential difference (V)

and current (I) through a metallic conductor

is a straight line passing through the origin as

shown in figure.

The reciprocal of slope of line gives resistance.
|4 1

R=T=%ne (slope of I-V)

slope = tan0

v

The resistance of a conductor is obstruction
posed by the conductor to the flow of current
through it.

The SI unit of resistance is ohm (Q) and its
dimensional formula is [ML2T3A2].

The resistance of a conductor is

R=_"T- %:p% where p =

V[Ez’f

ne’t
where m is the mass of electron, e is charge of
electron, n is the number density of electrons, T
istherelaxation time, /is the length of conductor
and A is its area of cross section, p is the specific
resistance or resistivity of the conductor.
Resistivity : The specific resistance offered by
the conductor of unit length and unit cross-
section area. It is denoted by p.
— 'The SI unit of resistivity is & m and its
dimensional formula is [ML3T-3A2].

If the conductor is in the form of wire of length
l'and a radius , then its resistance is

pl
nr?
If a conductor has mass m, volume V and
density d, then its resistance R is

_pl_ pl? _ pl? _ pl’d
A Al V m
If length of a given metallic wire of resistance
R s stretched to n times, its resistance becomes

n’R but its resistivity remains unchanged.

R=

ML~
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If radius of the given metallic wire of resistance
R becomes n times, its resistance becomes
(1/n%R.

If the area of cross-section of the given metallic
wire of resistance R becomes n times, then its
resistance becomes (1/n%)R.

Conductivity : The reciprocal of resistivity is
known as conductivity or specific conductance.

Itis denoted by symbol 6.
1 ne’t [ 7 e’c}
== m = ey As w=g=u

~ TheSlunitofconductivityis Q'm'orS m™
or mho m™!and its dimensional formula is
[M1L3T3A2).
Relationship between j, 6 and E
j=0OE
It is a microscopic form of Ohm's law.
Ohmic and non-ohmic conductors

Ohmic conductors : Those conductors which
obey Ohn’slaw are known as chmic conductors,
e.g. metals. For ohmic conductors, the graph
between current and potential difference is a
straight line passing through the origin.
Non-ohmic conductors : Those conductors
which do not obey Ohm’s law are known
as non-ohmic conductors e.g. diode valve,
junction diode.

For non-ohmic conductors, the graph between
the current (I) and potential difference (V) has
one or more of the following characteristics:

- The relation between V and I is non-linear.

1

v

— The relation between V and I depends on
the sign of V.

I(mA) D
V< >V
/1 I@A)

— 'The relation between V and I is not unique,
i.e., there is more than one value of V for the
same current I.
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I(mA) > The resistance of a conductor at temperature
t°C is given by
R,=Ry(1+ax)

where R, is the resistance at ¢ °C, R, is the

resistance at 0°C and o is the characteristics

constants of the material of the conductor.

- Over a limited range of temperatures, that
is not too large. The resistivity of a metallic
conductor is approximately given by
Pr=Po(l + Cit).

where o is the temperature coefficient of

resistivity. Its unit is K-! or °CL.

- Inthe temperature range in which resistivity
increases linearly with temperature, the
temperature coefficient of resistivity o
is defined as the fractional increase in

>V

o Colour code of carbon resistors : A colour
code is used to indicate the resistance value and
its percentage accuracy. Every resistor has a set
of coloured rings on it. The first two coloured
rings from the left end indicate the first two
significant figures of the resistance in ohms.
The third colour ring indicates the decimal
multiplier and the last colour ring stands for the
tolerence in percent.

»  The colour code of a resistor is as shown in the

table. . . ,
resistivity per unit increase in temperature.
Colour | Number | Multiplier | Tolerance (%) B Formetals, ouis positive i.e., resistance increases
with rise in temperature.
Black 0 10° > insulators and semiconductors, « is
Brown 1 10! ive i.e., resistance decreases with rise in
temperature,
Red 2 102 ¥
Resistors in series and parallel
Orange 3 10° o . . . P . .
> Resistors in series : The various resistors
Yellow 4 10t are said to be connected in series if they are
Green 5 10° connected as shown in the figure.
Blue 6 10° A1 A A— P AMA—D
: Ry 1
Violet 7 107 ! B IR
IA \
Gray 8 10? ) "
: I +1N =
White 9 10°
- Theequivalent resistance of the combination
Gold 10! 5 : .
of resistors is
; -2
Silver 10 10 Rs — Rl + R2 + R3
No colour 20 — The current through each resistor is the

same.
>  Resistors in parallel : The various resistors
are said to be connected in parallel if they are
connected as shown in figure.

»  Suppose a resistor has yellow, violet, brown and
gold rings as shown in the figure below. The
resistance of the resistor is (47 x 10 Q) * 5%.

Violet Brown

) e

Q Effect of temperature on resistance and
restistivity

The resistance of a metallic conductor increases - Theequivalent resistance of the combination
with increase in temperature. of resistors is

I Uy
FIN=

v
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1 1 1 1
X “TIRTR
— The potential difference is same across each
resistor.
— If a wire of resistance R is cut into # equal
parts, then resistance of each part = R/n.

0 Cells, emf, internal resistance

>

Electrochemical cell : It is a device which,
converts chemical energy into electrical energy,
maintains the flow of charge in a circuit.
Electromotive force (emf) of a cell

- It is defined as the potential difference
between the two terminals of a cell in an
open circuit i.e., when no current flows
through the cell. It is denoted by symbol €.

- The SI unit of emf is joule/coulomb
or volt and its dimensional formula is
[ML?T-3A1).

- 'The emf of a cell depends upon the nature
of electrodes, nature and the concentration
of electrolyte used in the cell and its
temperature.

Terminal potential difference : It is defined as

the potential difference between two terminals

of a cell in a closed circuit i.e., when current is
flowing through the cell.

Internal resistance of a cell

— It is defined as the resistance offered by the
electrolyte and electrodes of a cell when the
current flows through it.

— Internal resistance of a cell depends upon
the following factors:

Distance between the electrodes

The nature of the electrolyte

The nature of electrodes

Area of the electrodes, immersed in the

electrolyte.

Relationship between €, V and r: When a cell

of emf € and internal resistance r is connected

to an external resistance R as shown in the

figure.
The voltage across R is
V = IR | .......... r ..........
__t r 3 vy
R+r P
or € =IR+1Ir Iy AT
or V =e-1Ir
or € =V+Ir A‘MI/{W

or r=R(%—1)
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During discharging of a cell, terminal potential
difference = emf of a cell - voltage drop across
the internal resistance of a cell. i.e., terminal
potential difference across it is less than emf of
the cell. The direction of current inside the cell
is from negative terminal to positive terminal.
During charging of a cell, terminal potential
difference = emf of a cell + voltage drop
across internal resistance of a cell i.e., terminal
potential difference becomes greater than the
emf of the cell. The direction of current inside
the cell is from positive terminal to negative
terminal.

Grouping of cells : Cells can be grouped in the
following three ways:

Series grouping

Parallel grouping

Mizxed grouping

Series grouping : If n identical cells each of emf
€ and internal resistance r are connected to the
external resistor of resistance R as shown in the
figure, they are said to be connected in series
grouping.

n

< >

[ &7 €,7 |5,1‘
Ivy i

R
NMWY
€q=n€ and r,=nr
-. Current in the circuit, I =—-"%
R+nr

Special cases :
- IfR<<unrthen =%,
nrr

— IfR>> nr then I=-%8

Parallel grouping : If

m identical cells each
of emf € and internal &r
resistance r are connected " I
to the external resistor

of resistance R as shown Y M
in figure, they are said to X &
be connected in parallel WY
grouping.
€q=¢ and 1, = %
.. The current in the circuit, I = £

R+ (L)

m
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Special cases :

— If = <«<R, then =&,
m R

- L >>R, then I=m&.
m r

Mixed grouping : If the cells are connected as
shown in figure they are said to be connected
in mixed grouping. Let there be  cells in series
in one row and m such rows of cells in parallel.
Suppose all the cells are identical. Let each cell
be of emf € and internal resistance r.

<n—->
T HHI---{H
i
N
YI 9i
R
AAM
€,y =HE and req=ﬂ s I= e

m

In case of mixed grouping of cells, current in
the circuit will be maximum, when
nr
R=—
m

i.e.,external resistance = total internal resistance
of all cells

Kirchhoff’s laws : Kirchhoff in 1942 put

forward the following two laws to solve the

complicated circuits. These two laws are stated
as follows :

Kirchhoft’s first law or Kirchhoff’s junction

rule or Kirchhoff’s current law : It states that

the algebraic sum of the currents meeting at a

junction is zero.

- Kirchhoff’s first law supports the law of
conservation of charge.

- According to sign convention the current
flowing towards a junction is taken as
positive and the current flowing away from
the junction is taken as negative.

Kirchhoft’s second law or Kirchhoft’s loop law

or Kirchhoff’s voltage law : It states that in a

closed loop, the algebraic sum of the emfs is

equal to the algebraic sum of the products of the
resistance and the respective currents flowing
through them.

Ye=YIR

©

O
>

- According to
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- Kirchhoff’s second law supports the law of

conservation of energy.

sign convention while
traversing a closed loop (in clockwise or
anti-clockwise direction), if negative pole
of the cell is encountered first then its emf
is positive, otherwise negative. The product
of resistance and current in an arm of the
circuit is taken positive if the direction of
current in that arm is in the same sense
as one moves in a closed loop and is taken
negative if the direction of current in that
arm is opposite to the sense as one moves in
the closed loop.

Wheatstone’s bridge : It is an arrangement
of four resistances P, Q, R and S connected as
shown in the figure.

Theirvaluesaresoadjustedthatthegalvanometer
G shows no deflection. The bridge is then said
to be balanced. When this happens, the points
B and D are at the same potential and it can be
shown that

P_R
Q S
This is called the balancing condition. If any
three resistances are known, the fourth can be

found.

Metre bridge or slide wire bridge
It is based on the principle of Wheatstone’s
bridge.

R s
B
o [ 4 O[3
4 l @, 1w0-1 | |c
/T)\ r_d

A L P O
LY metre scale € \
I — K

Wire ACis 1 m long, R is a resistance to be measured
and S is a standard resistance of known value.




Current Electricity

'O

Sl
The unknown resistance, R = 10— where [ is

the balancing length of metre bridge.

Potentiometer

Principle of potentiometer : It is based on the
fact that the fall of potential across any portion
of the wire is directly proportional to the length
of that portion provided the wire is of uniform
area of cross-section and a constant current is
flowing through it.

i.e.,Voc | (If I and A are constant)

or V=KI

where K is known as potential gradient i.e., fall
of potential per unit length of the given wire.
Comparison of emfs of two cells by using
potentiometer

L

G is a galvanometer and R, is
rheostat. 1, 2, 3, are terminals
of a two way key

where [}, I, are the balancing lengths of
potentiometer wire for the emfs €, and €, of
two cells respectively.

Determination of internal resistance of a cell
by potentiometer

r= [ h=h JR
h
where [, = balancing length of potentiometer
wire corresponding to emf of the cell, [, =
balancing length of potentiometer wire

corresponding to terminal potential difference
of the cell when a resistance R is connected in
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series with the cell whose internal resistance is
to be determined.
Joule’s Law of Heating : According to Joule’s
heating effect of current, the amount of heat
produced (H) in a conductor of resistance R,
carrying current I for time ¢ is

H = PRt (in joule)
or H= @ (in calorie)

]

where ] is Joule’s mechanical equivalent of heat
(=4.27/cal).
Electric power : It is defined as the rate at

which work is done by the source of emf in
maintaining the current in the electric circuit.

electric work done

time taken
2, _V?
P- I"R= R
SI unit and Dimensions :
—  The SI unit of power is watt (W).
- The practical unit of power is kilowatt (kW)
and horse power (hp).

- Dimension of power [ML? T-3 A?]
Power dissipated in connecting wires, which is
wasted is P, given by

Electric power P =

PR,
Pc:IZRc: _2
v
If P, P,, Py ... are the powers of electric

appliances in series with source of rated voltage
V, the effective power consumed is

1_1,1 .1

L T I

If P, P,, P, are the powers of electric appliances
in parallel with a source of rated voltage V, the
effective power consumed is
Po,=P,+P,+P;+ ...

Electric energy: It is defined as the total electric
workdone or energy supplied by the source of
emf in maintaining the current in an electric
circuit for a given time.

Electric energy = electric power x time =P x £.
The SI unit of electrical energy is joule (J).

The commercial unit of electric energy is
kilowatt-hour (kWh),

1 kWh = 1000 Wh = 3.6 x 10° J = one unit of
electricity consumed.

The number of units of electricity consumed is
n = (total wattage x time in hour)/1000.
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3.3 Electric Currents in Conductors

(1 mark)

1. How does the random motion of free electrons
in a conductor get affected when a potential
difference is applied across its ends ?

(Delhi 2014C)

3.4 Ohm’s Law
EIYH (2 marks)

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

of 21 so that the current in the rod is still I ?
—V—>

p— > T P
I

A 1 I I

]
(D (I1)

(Foreign 2016)

Elll (3 marks)

3. In the two electric circuits shown i we nguic,
determine the readings of ideal ammeter (A)
and the ideal voltmeter (V).

__,_

G Ta
(@ (b)
(Delhi 2015C)
3.9 Drift of Electrons and the Origin
of Resistivity

(1 mark)

4. Define the term ‘electrical conductivity’ of a
metallic wire. Write its S.I. unit.  (Delhi 2014)

Define the term drift velocity of charge carriers
in a conductor and write its relationship with
the current flowing throughit.  (Delhi 2014)

Write the expression for the drift velocity of
charge carriers in a conductor of length I across
which a potential difference ‘V” is applied.

(AI 2014C)

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)

Two conducting wires X and Y of same
diameter but different materials are joined in
series across a battery. If the number density of
electrons in X is twice that in Y, find the ratio
of drift velocity of electrons in the two wires.

(AI 2010)

(2 marks)

9.

10.

11.

12.

13.

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)

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 10* m™. (AI2014)

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’. (AI 2013)

Write a relation between current and drift
velocity of electrons in a conductor. Use
this relation to explain how the resistance
of a conductor changes with the rise in
temperature.

(Delhi 2013C)

Define mobility of a charge carrier. Write
the relation expressing mobility in terms of
relaxation time. Give its SI unit. (AI 2013C)
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14.

15.

16.

17.

18.

A conductor of length T 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)

Define drift velocity. Write its relationship with

relaxation time in terms of the electric field E

applied to a conductor.

A potential difference V is applied to a

conductor of length . How is the drift velocity

affected when V is doubled and / is halved ?
(Foreign 2010)

Derive an expression for drift velocity of free
electrons in a conductor in terms of relaxation
time. (Delhi 2009)

Two metallic wires of the same material have
the same length but cross-sectional area is in
the ratio 1 : 2. They are connected (i) in series
and (ii) in parallel. Compare the drift velocities
of electrons in the two wires in both the cases
(i) and (ii). (Delhi 2008)

Derive an expression for the resistivity of a
good conductor, in terms of the relaxation time
of electrons. (AI 2008)

m (3 marks)

19.

20.

21.

(a) Find the relation between drift velocity
and relaxation time of charge carriers in a
conductor.

(b) A conductor of length L is connected to
a d.c. source of em.f. V. If the length of the
conductor is tripled by stretching it, keeping V
constant. Explain how drift velocity would be
affected. (AI 2015)

A steady current flows in a metallic conductor
of non-uniform cross-section. Which of these
quantities is constant along the conductor :
current, current density, electric field, drift

speed ¢ (1/3, Delhi 2015C)

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

(b) Figure shows a plot of current I’ flowing
through the cross-section of a wire versus the
time ‘f. Use the plot to find the charge flowing
in 10 sec through the wire.

55
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10
5
0 5 0 >
(AI 2015C)

22. Define relaxation time of the free electrons
drifting in a conductor. How is it related to the
drift velocity of free electrons? Use this relation
to deduce the expression for the electrical
resistivity of the material. (AI2012)

23. A conductor of length L is connected to a dc
source of emf €. If this conductor is replaced by
another conductor of same material and same
area of cross-section but of length 3L, how will
the drift velocity change? (1/3, Delhi 2011)

.m (5 marks)

24. Define the term ‘drift velocity’ of charge carriers
in a conductor. Obtain the expression for the
current density in terms of relaxation time.

(2/5, Foreign 2014)

25. (a) Derive the relation between current density

’j” and potential difference ‘V’ across a current
carrying conductor of length I, area of cross-
section ‘A’ and the number density ‘7%’ of free
electrons.
(b) 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 that the number density of
conduction electrons is 9 x 102 m™.]

(Delhi 2012C)

3.6 Limitations of Ohm’s Law

(1 mark)

26. Graph showing the variation
of current versus voltage for a
material GaAs is shown in the
figure. Identify the region of A'Voltage V—>
(i) negative resistance
(ii) where Ohms’s law is obeyed. (Delhi 2015)

Current I

E
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3.7 Resistivity of Various Materials

(1 mark)

27.

28.

29.

Two wires of equal length, one of copper and
the other of manganin have the same resistance.
Which wire is thicker ? (AI2012)

Carbon and silicon both have four
valence electrons each. How then are they

distinguished ? (Delhi 2011C)
Define resistivity of a conductor. Write its S.I.
unit. (AI 2011C)

EI. (2 marks)

30.

31.

32,

33.

34.

(a) Youare required to select a carbon resistor of
resistance 47 kQ + 10% from a large collection.
What should be the sequence of colour bands
used to code it ?

(b) Write the characteristics of manganin
which make it suitable for making standard
resistance. (Foreign 2011)

Define ionic mobility. Write its relationship
with relaxation time. How does one understand
the temperature dependence of resistivity of a
semiconductor ? (Foreign 2010)

The sequence of coloured bands in two carbon
resistors R; and R, is

(i) brown, green, blue

(ii) orange, black, green

Find the ratio of their resistances. (AI 2010C)

A voltage of 30 V is applied across a carbon
resistor with first, second and third rings of
blue, black and yellow colours respectively.
Calculate the value of current, in mA, through
the resistor. (AI 2007)

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

(Delhi 2007)

3.8 Temperature Dependence of

Resistivity

(1 mark)

35.

I-V graph for a metallic wire at two different
temperatures, T; and T, is as shown in the
figure. Which of the two temperatures is lower
and why?

36.

37.

39.

40.

41.

42.

CBSE Chapterwise-Topicwise Physics

T
I T T,

r g

V—» (AI 2015)

Plot a graph showing the variation of resistivity
of a conductor with temperature.
(Foreign 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 GaAs. (Delhi 2014)

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

Plot a graph showing the variation of resistance
of a conducting wire as a function of its
radius. Keeping the length of the wire and its
temperature as constant. (Foreign 2013)

Two materials Si and Cu, are cooled from
300 K to 60 K. What will be the effect on their
resistivity ? (Foreign 2013)

Show on a graph, the variation of resistivity
with temperature for a typical semiconductor.
(Delhi 2012)

BEIXH (2 marks)

43.

44.

Draw a graph showing variation of resistivity
with temperature for nichrome. Which property
of nichrome is used to make standard resistance
coils ? (AI 2013C)

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

m (3 marks)

45.

Write the mathematical relation for the
resistivity of a material in terms of relaxation
time, number density and mass and charge
of charge carriers in it. Explain, using this
relation, why the resistivity of a metal increases
and that of a semiconductor decreases with rise
in temperature. (Delhi 2007)
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3.10 Combination of Resistors-

Series and Parallel

(1 mark)

46. A wire of resistance 8R is bent in the form of a
circle. What is the effective resistance between
the ends of a diameter AB ?

(Delhi 2010)

47. Two identical slabs, of a given metal, are joined
together, in two different ways, as shown in
figures (i) and (ii). What is the ratio of the
resistances of these two combinations ?

(ii)
(Delhi 2010C)

m. (2 marks)

48. Given the resistances of 1 Q, 2 €2 and 3 Q how
will you combine them to get an equivalent

resistance of (i) % Q and (ii) % Qe
(Foreign 2015)

49. A wire of 15 Q resistance is gradually stretched
to double its original length. It is then cut into
two equal parts. These parts are then connected
in parallel across a 3.0 volt battery. Find the
current drawn from the battery. (AI 2009)

m]l (3 marks)

50. In the circuit shown in the figure, find the

current through each resistor.
4V 8V 100
——AW—
05Q H

.0
AAAA A AMAAAA B

VVYY WYY

4.5Q

(Delhi 2015C)

57

51. Calculate the value of the resistance R in the
circuit shown in the figure so that the current in
the circuit is 0.2 A. What would be the potential
difference between points B and E?

6V 024 5Q

e

VVVy—

30 Q
10 Q 150

AAAA

2V

E D
Ro24 (AI 2012)

52. Inthe circuit shown, Ry =4 Q, R, = R; =159,
R, =308 and E =10 V. Calculate the equivalent
resistance of the circuit and the current in each

resistor.

(Delhi 2011)

53. A network of resistors is connected to a 16 V
battery of internal resistance of 1 Q as shown in

the figure.
40 120

(a) Compute the equivalent resistance of the
network.
(b) Obtain the voltage drops V,z and V.

(Foreign 2010)

(5 marks)

54. A 100 V battery is connected to the electric
network as shown. If the power consumed in
the 2 Q resistor is 200 W, determine the power

dissipated in the 5 Q resistor.
300

5Q
6Q

AMAAAA
YYVVYY
[§]

(2/5, Foreign 2014)
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3.11 Cells, emf, Internal Resistance

(1 mark)

55.

56.

57.

58.

The plot of the variation of potential difference
across a combination of three identical cells in
series versus current is shown below. What is
the emf and internal resistance of each cell?

6V
\%

} } +—>
0 1AIS

(AI 2016, Delhi 2008)

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

(Delhi 2013)
Why is the terminal voltage of a cell less than its
emf? (AI 2013C)

Three cells of emf g, 2¢€ and 5¢ having internal
resistances r, 2r and 3r respectively are
connected across a variable resistance R as
shown in the figure. Find the expression for the
current. Plot a graph for variation of current
with R.

€
| 1] |
11

_(.
(AI 2010C)

m. (2 marks)

59.

60.

A cell of emf ‘E’ and internal resistance ‘7’ is
connected across a variable resistor ‘R’ 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. (A12014)

(a) Distinguish between emf (€) and terminal
voltage (V) of a cell having internal resistance ‘¥’
(b) Draw a plot showing the variation of
terminal voltage (V) vs the current (I) drawn
from the cell. Using this plot, how does one
determine the internal resistance of the cell ?

(AI 2014C)

61.

62.

63.

64.

65.

) CBSE Chapterwise-Topicwise Physics

A battery of emf E and internal resistance r
when connected across an external resistance
of 12 Q, produces a current of 0.5 A, When
connected across a resistance of 25 Q, it
produces a current of 0.25 A. Determine (i) the
emf and (ii) the internal resistance of the cell.

(AI 2013C)

A cell of emf E and internal resistance r is
connected to two external resistances R; and
R, and a perfect ammeter. The current in the
circuit is measured in four different situations :
(i) without any external resistance in the
circuit
(ii) with resistance R, only
(iii) with R, and R, in series combination
(iv) with R, and R, in parallel combination
The currents measured in the four cases are
042 A, 1.05 A, 14 A and 42 A, but not
necessarily in that order. Identify the currents
corresponding to the four cases mentioned
above. (Delhi 2012)

A battery of emf 10 V and internal resistance
3 Q is connected to a resistor. If the current in
the circuit is 0.5 A, find
(i) The resistance of the resistor;
(ii) The terminal voltage of the battery

(Delhi 2012C)

A straight line plot showing the terminal
potential difference (V) of a cell as a function of
current (I} drawn from it is shown in the figure.
Using this plot, determine (i) the emf and
(ii) internal resistance of the cell.

20—

1.6 [—
14

12 g A

o
=

p.d. V (volt)

C

0 0.04 0.12 0.20 (;.28
— Current [ (ampere)
(Delhi 2011C)

A cell of emf ‘E’ and internal resistance ‘¢’ 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)

<
IS
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66. V-I graphs for parallel and series combination
of two metallic resistors are shown below.

Which graph represents parallel combination ?
A
B

I ’

d (Delhi 2009)

I—»

m (3 marks)

67. A cell of emf ‘E’ and internal resistance ‘v’ is
connected across a variable 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 Q, the current is
1 A and when R is increased to 9 Q, the current
reduces to 0.5 A. Find the values of the emf E
and internal resistance r. (Delhi 2015)

68. Writeany two factors on which internal resistance
ofa cell depends. 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 also
connected to a resistance of 5 Q as shown in
the circuit, the voltmeter reading drops to 1.8 V.
Find the internal resistance of the cell.

+H -
\J,
o (AI2010)
] I
MW (F—
R=5Q K

(5 marks)

69. A cell, with a finite internal resistance r, is
connected across two external resistances
R, and R, (R, > R;), one by one. In which case
would the terminal potential difference of the
cell be more ? (2/5, Delhi 2010C)

3.12 Cells in Series and in Parallel

(1 mark)

70. 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? (AI2013)
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71. Twocells,ofemf2eand¢, and internal resistance
2r and r respectively, are connected in parallel.
Obtain the expression for the equivalent emf
and the internal resistance of the combination.

(AI 2010C)
mf(z marks)

72. Two cells of emfs 1.5 V and 2.0 V having
internal resistances 0.2 Q and 0.3 € respectively
are connected in parallel. Calculate the emf and
internal resistance of the equivalent cell.

(Delhi 2016)

W 3 marks)

73. Two cells of emf E,, E, and internal resistance
r, and r, respectively are connected in parallel

as shown in the figure.
Epn

Eyry
Deduct the expression for
(i) The equivalent emf of the combination

(ii) The equivalent resistance of the
combination

(iil) The potential difference between the points
A and B. (Foreign 2012)

74. Two cells of emfs E; and E, and internal
resistance r, and r, are connected in parallel.
Obtain the expression for the emf and internal
resistance of a single equivalent cell that can
replace this combination ?  (2/5, Foreign 2016)

75. Two cells of emf €, and €, having internal
resistances r; and r, respectively are connected
in parallel as shown. Deduce the expressions of
the equivalent emf a cell which can replace the

combination between the points B; and B,.
£

Il n Il

(AI 2011C)
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3.13 Kirchhoff's Laws
(1 mark)

76. A 10 V battery of negligible internal resistance

is connected across a 200 V battery and a
resistance of 38 Q as shown in the figure. Find

the value of the current in circuit.
10V

E/Wv\/»——1|||-1r—|
38Q 200V

(Delhi 2013)

(2 marks)

77.

78.

79.

80.

Use Kirchhoft’s rules to determine the potential
difference between the points A and D when no
current flows in the BE of the electric network

shown in the figure.
E

Ij"_I:VWV\«"v D
v

3Q
1 Rl
R
2Q
P BT
6V B 4V (AI 2015)

State Kirchhoff’s rules. Explains briefly how
these rules are justified. (Delhi 2014)

In the electric network shown in the figure,
use Kirchhoff’s rules to calculate the power
consumed by the resistance R = 4 Q.

L E=1V n=2Q

A—e—]1 WW— ¢
R=4Q

B—>——— MWW ———D

IL+1
P—e—H F

L g-ev

(Delhi 2014C)

An ammeter of resistance 0.80  can measure
current up to 1.0 A.

(i) What must be the value of shunt resistance
to enable the ammeter to measure current up to
5.0 A?

(ii) What is the combined resistance of the
ammeter and the shunt? (Delhi 2013)

81.

82.

83.

84.

) CBSE Chapterwise-Topicwise Physics

Use Kirchhoff’s rules to determine the value of
the current I; flowing in the circuit shown in

the figure.
30Q I,
AW >
La v
20 Q 2|0|V
——WWW— {1
I3
LY A
1l B AAAA >
|| Lel I
80V 2

(Delhi 2013C)

The network PQRS, shown in the circuit
diagram, has the batteries of 4 V and 5 V and
negligible internal resistance. A milliammeter
of 20 Q resistance is connected between P and

R. Calculate the reading in the milliammeter.
200 Q

N WW R
5VE @ZQ‘ §6og
5
P L Q

(AI 2012C)

In the given circuit, assuming point A to be
at zero potential, use Kirchhoff’s rules to
determine the potential at point B.

1A p 2A 2V
< <] B

R

AAAAA
WWW
8]

AAAAAA
\AAAAAS

i1l
L (AT 2011)
Using Kirchhoff’s rules in the given circuit,
determine (i) the voltage drop across the
unknown resistor R and (ii) the current I in the
arm EF.

1A 3V 2Q
< | ——WWW—e—
I ?V 3Q
E < |+ AAMA——{F
\4
> AN
R

(AI2011C)
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EEXTH (3 marks)

85. Using Kirchhoft’s

rulesdetermine  the 19 D
value of unknown
resistance R in the
circuit so that no
current flows through
4 Q resistance. Also 4 |, B 3V c
find the potential difference between A and D.

(Delhi 2012)

86. (a) State Kirchhoff’s rules.
(b) Use these rules to write the expressions for
the currents I, I, and I; in the circuit diagram
shown.
L Ei=2V p-40

I, E;=1V 1,-30
—>—|I—'\N\N—>——

L E=4V ,._20 ]

] N (AI2010)

87. (a) State Kirchhoffs rules.
(b) A battery 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, and (ii) the total
current in the network. (AI 2010C)

88. (a) StateKirchhoff’srulesof current distribution
in an electrical network.
(b) Using these rules determine the value of
the current I; in the electric circuit given
below.

AAAAAAA
vvvvvvv

AT

- I MWW
sV 200 (Delhi 2007)
89. The given figure shows
a network of

resistances R;, R;, R;
and R,.

Using Kirchhoft’s
laws, establish the
balance condition for
the network.

(AI 2007)
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3.14 Wheatstone Bridge
(2 marks)

90. Use Kirchhoft’s rules to obtain conditions for
the balance condition in a Wheatstone bridge.
(Delhi 2015)

91. Calculate the current drawn from the battery

by the network of resistors shown in the figure.
2Q

A 10 50 p 4Q
AVAA,_B_A/\A,__A}\ﬁ' C

W
20

N
4IV (AI 2015C)

92. Calculate the value of current drawn forma5V
battery in the circuit as shown.

10Q
Al 2Q B 100 |c20Q D
10Q
P
L
5V .
(Foreign 2013)

93. Calculate the current drawn from the battery in
the given network.

R =1Q

+ 1=
Il

i (A 2009)

(5 marks)

94. Use Krichhoft’s rules to obtain the balance
condition in a Wheatstone bridge.
Calculate the value of R in the balance
conditionof the Wheatstone bridge, if the
carbon resistor connected across the arm CD
has the colour sequence red, red and orange, as
is shown in the figure.
Ifnow the resistances of the arms BCand CD are
interchanged, to obtain the balance condition,
another carbon resistor is connected in place of
R. What would now be the sequence of colour
bands of the carbon resistor ?
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95.

D

L
I
v (Delhi 2012C)
(a) State Kirchhoff’s rules for an electric
network.
(b) Using Kirchhoff’s rules, obtain the balance
condition in terms of the resistances of four
arms of Wheastone bridge.

(3/5, Delhi 2013, 2010C)

3.15 Meter Bridge
(1 mark)

96.

97.

In an experiment on meter bridge, if the
balancing length AC is ‘x, what would be its
value, when the radius of the meter bridge wire
AB is doubled? Justify your answer.

11t

R, R,
MY %) MY
Ae—zx—»C B (AI201IC)

In a meter bridge, two unknown resistances
R and S when connected in the two gaps, give a
null point at 40 cm from one end. What is the
ratioof Rand S ? (Delhi 2010C)

MM (3 marks)

98.

929.

With the help of the circuit diagram, explain
the working principle of meter bridge. How is it
used to determine the unknown resistance of a
given wire ? Write the necessary precautions to
minimize to error in the result. (AI2015C)

Answer the following :

(a) Why are the connections between the
resistors in a meter bridge made of thick copper
strips?

(b) Why is it generally preferred to obtain the
balance point in the middle of the metre bridge
wire?

100.

101.

102.

CBSE Chapterwise-Topicwise Physics

(c) Which material is used for the meter
bridge wire and why? (AI2014)

Write the principle on which the working of a
meter bridge is based. In an experiment of meter
bridge, a student obtains the balance point at
the point J such that AJ = 40 cm as shown in the
figure. The values of ‘R’ and ‘X’ are both doubled
and then interchanged. Find the new position
of the balance point. If the galvanometer and
battery are also interchanged, how will the
position of balance point be affected ?

R X
ANV AMAN
[ d— 40 cm "‘SG)
A B

I

| ()
Il \Y)

(AI 2012C)

In the meter bridge experiment, balance point
was observed at J with AJ =L

(i) 'The value of R and X were doubled and
then interchanged. What would be the
new position of balance point ?

If the galvanometer and battery are
interchanged at the balance position, how

will the balance point get affected ?

X
AR AS

(ii)

R
MWW

A B

I

3 (AI 2011)
In a meter bridge, the null points is found at
a distance of 40 cm from A. If a resistance of
12 Q is connected in parallel with S, the null
point occurs at 50.0 cm from A. Determine the

values of R and S.
12Q

[T |

—_
~

I 1
I (Delhi 2010)
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103. X Y

9

A D C
|
I I

>

{)}
\/
The figure shows experimental set up of a meter
bridge. When the two unknown resistances X
and Y are inserted, the null point D is obtained
40 cm from the end A. When a resistance of
10 Q is connected in series with X the null point
shifts by 10 cm. Find the position of the null
point when the 10 Q resistance is connected in
series with resistance ‘Y’ Determine the values
of the resistance X and Y. (Delhi 2069)

104. (i) State the principle of working of a meter
bridge.
(ii) Ina meter bridge balance point is found at
a distance I, with resistances R and S as shown
in the figure.

X

4= ()
When an unknown resistance X is connected in
parallel with the resistance S, the balance point
shifts to a distance ,. Find the expression for X

in terms of [}, I, and S. (AI2009)

(5 marks)

105. In the meter bridge experimental set up, shown
in the figure, the null point ‘D’ is obtained at
a distance of 40 cm from end A of the meter

bridge wire.R <
[ B
T e v [®
G
40 cm

Metre scale

1 ()
€ K
If a resistance of 10 & is connected in series
with R;, null point is obtained at AD = 60 cm.
Calculate the values of R; and R,.

(2/5, Delhi 2013)
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106. (a) State, with the help of a circuit diagram, the
working principle of a meter bridge. Obtain the
expression used for determining the unknown
resistance.

{b) What happens if the galvanometer and
cell are interchanged at the balance point of the
bridge ?

(¢) Why is it considered important to obtain
the balance point near the mid-point of the
wire ? (Delhi 2011C)

107. Draw a circuit diagram for determining the
unknown resistance R using meter bridge.
Explain briefly its working giving the necessary
formula used. (2/5, Delhi 2010C)

3.16 Potentiometer

m‘ (1 mark)

108. State  the underlying principle of a
potentiometer. (Delhi 2014C)

109. A resistance R is connected across a cell of emfe
and internal resistance r. A potentiometer now
measures the potential difference between the
terminals of the cell as V. Write the expression
for rin terms of €, Vand R. (Delhi 2011)

m. (2 marks)

110. (i) State the principle of working of a
potentiometer.
(ii) In the following potentiometer circuit AB
is a uniform wire of length 1 m and resistance
10 Q. Calculate the potential gradient along the
wire and balance length AO (=1).

I v e
A o B
1.2Q I’
'—
15V
VAVAVAV
03Q

(Delhi 2016)

111. Describe briefly, with the help of a circuit
diagram, how a potentiometer is used to
determine the internal resistance of a cell.

(AI 2013)
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112,

Two students ‘X and ‘Y’ preform an experiment
on potentiometer separately using the circuit
given : Keeping other parameters unchanged,
how will the position of the null point be
affected if

+E
— | T

‘X’ increases the value of resistance R in
the set-up by keeping the key K, closed
and the key K, open ?

‘Y’ decreases the value of resistance S in
the set-up, while the key K, remains open
and the key K| closed?  (Foreign 2012)

@@

(ii)

SY:MIM (3 marks)

113.

114.

115.

116.

Draw a circuit diagram of a potentiometer.
State its working principle. Drive the necessary
formula to describe how it is used to compare
the emfs of the two cells. (2012C)

A potentiometer wire of length 1 m has a
resistance of 10 €. It is connected to a 6 V
battery in series with a resistance of 5 Q.
Determine the emf of the primary cell which
gives a balance point at 40 cm. (Delhi 2014)

A potentiometer wire of length 1.0 m has
a resistance of 15 Q. It is connected to a 5V
battery in series with a resistance of 5 Q.
Determine the emf of the primary cell which
gives a balance point at 60 cm. (Delhi 2014)

(a) State the wunderlying principle of a
potentiometer. Why is it necessary to (i) use
a long wire, (ii) have uniform area of cross-
section of the wire and (iii) use a driving cell
whose emf is taken to be greater than the emfs
of the primary cells ?

(b) In a potentiometer experiment, if the
area of the cross-section of the wire increases
uniformly from one end to the other, draw a
graph showing how potential gradient would
vary as the length of the wire increases from
one end. (AI 2014C)

117.

118.

119.

120.

121.

CBSE Chapterwise-Topicwise Physics

State the underlying principle of a
potentiometer. Write two factors on which the
sensitivity of a potentiometer depends.

+ﬂ- R

YVVY

A 23 B
Q S

In the potentiometer circuit shown in the figure,

the balance point is at X. State, giving reason,

how the balance point is shifted when

(i) Resistance R is increased ¢

(ii) Resistance S is increased, keeping R
constant ? (2/3, Delhi 2013C)

In the figure a long uniform potentiometer
wire AB is having a constant potential gradient
along its length. The null points for the two
primary cells of emfs £, and €, connected in
the manner shown are obtained at a distance
of 120 cm and 300 cm from the end A. Find
(i) €,/€, and (ii) position of null point for the
cell £,. How is the sensitivity of a potentiometer
increased?

F N
(€3]
(=]
o
4

120 cm

A B
€
£1|_|l._2j
€1 |—| €

(a) State  the
potentiometer.
(b) Describe briefly, giving the necessary
circuit diagram, how a potentiometer is used to
measure the internal resistance of a given cell.
(Foreign 2011)

underlying  principal of

Write the principle of working of a
potentiometer. Describe briefly, with the help of
a circuit diagram, how a potentiometer is used
to determine the internal resistance of a given
cell. (Delhi 2010)

For the potentiometer circuit shown in the
given figure, points X and Y represent the two
terminals of an unknown emf E’. A student
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observed that when the jockey is moved form
the end A to the end B of the potentiometer
wire, the deflection in the galvanometer
remains in the same direction. What may be
the two possible faults in the circuit that could
result in this observation ?

A B
El
—
X Y

If the galvanometer deflection at the end B is
(i) more, (ii) less, than that at the end A, which
of the two faults, listed above, would be there in
the circuit ?

Give reasons in support of your answer in each

case. (AI 2007)

(5 marks)

122. (a) State the principle of a potentiometer.

Define potential gradient. Obtain an expression
of potential gradient in terms of resistivity of
the potentiometer wire.

(b) Figure shows a long potentiometer wire
AB having a constant potential gradient. The
null points for the two primary cells of emfs
€, and €, connected in the manner shown are
obtained at a distance of /; = 120 cm and }, =
300 cm from the end A. Determine (i) €,/¢, and
(ii) position of null point for the cell ; only.

|y

300cm

120 cm
A EEEE—

A 5 B
EI Hij
€ |—| €,

(Foreign 2014)

123,

124.

125.

126.
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(a) Statetheworking principle ofa potentiometer.
With the help of the circuit diagram, explain
how a potentiometer is used to compare the
emf’s of two primary cells. Obtain the required
expression used for comparing the emfs.
(b) Write two possible causes for one sided
deflection in a potentiometer experiment.
(Delhi 2013)

(a) State the working principle of a
potentiometer. Draw a circuit diagram to
compare emf of two primary cells. Drive the
formula used.

(b) Which material is used for potentiometer
wire and why ?

{c) How can the sensitivity of a potentiometer
be increased ? (Delhi 2011C)

(a) Write the underlying principle of a
potentiometer.

(b) Draw the circuit diagram of the
experimental set-up used for determining the
internal resistance of a cell by potentiometer.
Write the necessary formula used.

(3/5, Delhi 2010C)

(i) In the circuit diagram given below, AB is
a uniform wire of resistance 15 Q and length
1 m. It is connected to a cell E; of emf 2V and
negligible internal resistance and a resistance R.
The balance point with another cell E, of emf
75 mV is found at 30 cm from end A. Calculate
the value of R.

.

E, R

(ii) Why is potentiometer preferred over a

voltmeter for comparison of emf of cells ?

(iii) Draw a circuit diagram to determine

internal resistance of a cell in the laboratory.
(Foreign 2016)

S
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y Detailed Solutions —
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1. Conductors contain free electrons. In the
absence ofanyexternal electricfield, the free electrons
are in random 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.

2. From Ohm’s law, we have
V=IR

l .
= V=I — ...(l)
pA

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

A ;
area decrease to E If the current remains the same

the potential changes as
21 l
V=lp- "o =dxlp =4V [Using (i)]
The new potential applied across the metal rod will

be four times the original potential (V).

3. In First Circuit

Reading of ideal voltmeter =6 V

Net potential difference=9+6=15V
Total resistance=1+1=2Q

Current in ammeter = % = —5 =75A

In Second Circuit

Reading of ideal volt meter =6V
Net potential difference=9-6=3V
Total resistance =1+1=2Q

vV 3
Current in ammeter = E = E =15A

4. The electrical conductivity of a metallic wire
is defined as the ratio of the current density to the
electric field it creates.

It is reciprocal of resistivity (p).

Electrical conductivity, (c) = .:; = %

S.I unit = mho m™ or (ohm m)™ or Sm™

5. When an electric field is applied across 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,).

Relationship between current (I) and drift velocity (v,)

I=neAv,;

where ne = amount of charge inside the conductor
A = area of cross-section of conductor

6. - I=mneAyy

vy = l— {Using A= p_l}
nepl R

7. Yes, all the electrons will move in same direction
during drift due to external electric field.

8. Since the wires are connected in series, current
I through both is same. Therefore ratio of drift
velocities
yl _ I / n XeA X
vy 1/nyeAy
where, 1y, ny = respective electron densities

Ay, Ay = cross-sectional areas

1
= Yx _Br.__ (Given Ay = Ay, 1y =2ny)
Yy fix
= VX H 'VY= 1:2
9. Aswe know that
I=neAv,
Also current density j is given by j :é
2 e'cEj
-1 ne =
| = —— SV =
’ ]| - 7|El ( d="
j isparallelto E,
2
j="1E
m
1 ne
6=—=—oTt1
o] m
- E
=
P
10. I=neAv,
1 1.5 4

vd=—= ms
neA 9x10%®® x1.6x107° x1.0x107/

=1.042%x10°ms'~1 mms™
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11. Refer to answer 5.

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

N = n x volume of conductor PQ

or N=rnAl
P Qo

— | —>»

|
Time ‘£ in which an electron moves from P to Q, all
N free electrons pass through cross section Q.

= —
Vd

where v, is the drift velocity of electrons in the

conductor.

So electric current flowing through conductor is

given by

q _ Ne _ nAle

t oty

or I = neAv,

This gives the relation between electric current and
drift velocity.

eE
12. Drift velocity v; =—1, where E is electric
m

field strength. And the relation between current
and drift velocity is [ = neAv,.

2
L _mTp i cAE
A m
ne’t 1 m
G=——=— or, p=—-—
m P ne‘t

With rise of temperature, the rate of collision of
electrons with ions of lattice increases, so relaxation
time decreases. As a result resistivity of the material
increases with the rise of temperature, hence the
resistance.

13. Mobility of a charge carrier is defined ast"  *ft
velocity of the charge carrier per unit electric
It is generally denote by L.

=Yd
"=

'The SI. unit of mobility is m? V57",
Mobility in term of relaxation time :
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_ _—¢E

Vg=—¢
m

In magnitude,

eE % et
—1 or -4

v, = L e iR
2 m E m
o
m
eVt 1
14, (i) We know that Vg4 =_W:>Vd “E

When length is tripled, the drift velocity becomes
one-third.

1 Ixl P
ii) R=p—= =p—, I'=3]
(i) P =P Py
New resistance
.U @)
R=p—=px——=9R
PV, P v
R =9R

Hence, the new resistance will be 9 times the original.

15. 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 electric field applied. It is given by

_. eE eV

Vg = —T Vg=—> T
m ml

where m = mass of electron, e = charge of electron

E = electric field applied
If V=2V and I’ = 2], then
o e(QV)  4eV
vy = == =4

Tmxi2 ml

Va

Becomes 4 times.

16. Expression for drift velocity :

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

F=—eE
__E |
«—@©
F
— | |
|
Il
7

If m be the mass of an electron, the acceleration of
each electron is
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—¢E

m

a= [+ F=mad]
Due to this acceleration, the free electron apart from
this thermal velocity, acquires additional velocity
component in a direction opposite to the direction
of electric field. At any instant of time, the velocity
acquired by electron having thermal velocity i, is
V=1 +dT
where 7T, is the time elapsed. Similarly, the velocities
acquired by other electrons in the conductor is
v, =1, +dT, and so on

Y, =t, tat,
The average velocity of all the free electrons in the
conductor is the drift velocity v; of free electrons.

=0+dt=adrt
[Since average thermal velocity of electrons is zero]
Ty + Ty F o+ T

where 1=
n

is called relaxation time. Its value is of the order of
10~ seconds.
Putting the value of a in (3), we get
v, = —E T
7 m
. eE
Hence average drift speed, v; =—T.
m
. A1
17. WehavegivenA;:4;,=1:2 = —=—
(i) When two wires are connected in series, the
current in both wires A and B will be same,
I A = I B
neA, vy =neh; vy,
Va, 2
—L ===y, vy =2:1
1 d ',
de
(ii) When two wires are connected in parallel, then
the potential difference across the wire A and B will
besame; V,=V;

V=IR
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V=neAv;p % = .. V=neplv,

nep vy =nep lvy
= le = de
Ya, 1
—L == = Vd :Vd =1:1
'de 1 1 2
18. Relation between the resistivity and relaxation
time :
We know that drift velocity of electron is given by

vy =Eq
q m
v
but E:T
\'% v, -ml
Vd:£‘_'T:>V: d
m 1 et

According to ohm’s law

Vv _vgmllet wvyml/ex

R=—

I I neAv,

)
__Yamt _ m 1 (1)

er.neAvd 1’182’5 A

But the resistivity is given by
l .

R=p— ...(ii)

P A
Comparing (i) and (ii), we get
o= m

ne’t

which is the required relationship between resistivity
and relaxation time of electrons.

19. (a) Refer to answer 16.

(b) In terms of potential difference, v; = A
m
€
So, tripling the length of the conductor I’ = 3L and
keeping V constant, the drift velocity will reduce to

one third of initial value.
v
3
20. Current is constant in non-uniform cross-
section.

21. (a) Refertoanswer 11.
(b) Areaunder I-t curve on t-axis is charge flowing
through the conductor

1
Q=5><5><5+(10+5)><5=37.5C
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22. The average time interval between two
successive collisions. For the free electrons drifting
within a conductor due to the action of the applied
electric field is called relaxation time.

Relation between relaxation time and drift velocity,

(—eETj
Vd =
m

Since i = -ne Av,
i=ne’AtViml

v_ mi _pl
i nefAr A
_om
_(nez’r)

23. Refer to answer 19(b).

24. Drift velocity : It is the velocity with which free
electrons get drifted towards the positive terminal
under the effect of the applied electric field. Free
electrons are in continuous random motion. They
undergo change in direction at each collision and
the thermal velocities are randomly distributed in all
directions.
Average thermal velocity,

wyt+u, t+....+u g
u= w = O ‘..(1)
n
E
p—
F= eE

——>

| L

H
The electric field E exerts an electrostatics force —Ee

. . —eE y
Acceleration of each electron, d=—— ..(ii)
where, m
m = mass of an electron
e = charge on an electron
L VPt +7,
Vd =
n
L (@ tat)+ 3, +aty) F e + (i1, +dr,,)
‘V =
d n

where,

1y, 1, — thermal velocities of the electrons
aty, aty — velocities acquired by electrons
T,, T, — time elapsed after the collision

= (ﬁ1+az+ﬁn)+&(rl+rz+ ..... +1,)

n n
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. gty ti
Since -L—2—" =0, we get
n
T+ T+ T+ +71T
v; = at, where, T= 123 z
" (i)

is the average time elapsed.
Substituting the value of a in equation (iii) from
equation (ii), we have
ek

V=
4 m

(iv)

ne’ At

m

E

I=-neAv; =

25. (a) Consider a conductor of length ! and cross-
sectional area A. When a potential difference V is
applied across its ends, the current produced is I. If
n is the number of electron per unit volume in the
conductor and v, the drift velocity of electrons then
the relation between current and drift velocity is
I=-neAv, ..(1)
Where —e is the charge on electron
(e=1.6x107"°C)
Electric field produced at each point of wire,
|4

E= 7 ...(ii)
If T is relaxation time and E is electric field strength,
then drift velocity.

y, = i)

m
Putting this value of v; in eqn (i)
I=—neA [— EE J
m
ne’t .
i= AE (i)
m

AsE:%{ﬁmnGm

IzneerK
m
V. m 1 ml I
—_——— :)V: i
I pe’z A ne*t A
ml | I
e
ne“t A

(b) Refer to answer 10.
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26. (i) Region DEhasnegative resistance property
because current decreases with increase in voltage or
slope of DE is negative.

(ii) Region BC obeys Ohms law because current
varies linearly with the voltage.

27. Rcu . Rm

le =0y, ll
ACu Am

Here o, =1,

as pm > pCu

Pou _ P _, P _ A

ACu Am Pcu ACu

As, Pwm > Pcu

So, A, > Ac,

Manganin wire is thicker than copper wire.

Pcu

28. Forboth, valence electrons are same. The energy
gap of Siis 1.1eV while C is 5.44 eV. Carbon behaves
as an insulator while si is as Semi-conductor.

29. The specific resistance of a conductor of unit
length and unit cros-sectional area is called resistivity
of the conductor.

l
R=p—
P A

For/=1m, A=1m?
R=p
Its ST unit is Q m.
30. (a) Resistance =47 KQ +10%
=47 x10°Q £10%
Sequence of colour should be :
Yellow, Violet, Orange and Silver
(b) (i) Very low temperature coefficient of
resistance.

(ii) High resistivity.
31. Mobility of an ion is defined as the drift velocity
per unit electric field i.e.,

_Ya_¢et

E m

Its unit is m?*/Vs.

When temperature increases, covalent bonds of
neighbouring atoms break and charge carriers
become free to cause conductive, so resistivity of
semi-conductor decreases with rise of temperature.
32. (i) We know that the numbers for brown,

green and blue are 1, 5 and 6 respectively
R =15x10°Q
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(ii) We know that the numbers for orange, black
and green are 3, 0 and 5 respectively.
R,=30x10°Q

Ratio of their resistances is

121_15><10"’_10_5_5_1
Ry, 30x10° 2 1

33. We know that the numbers for blue, black and
yellow are 6, 0 and 4 respectively.
R=60x10Q; V=30V

30
I=
60x10

= 0.05mA

34. Resistance, R= p%

I 100
b o
I 20
On stretching volume remains same i.e.,, 2= XL
i f

From the relation R = pﬁ , we have

Re b A (ﬂ]
R Ay \20
R,—R. 2
! & =(£) —-1=0.1025
R 20
Thus change in resistance is 10.25%.

35. As R=A—V
AI

1
(Slope of I -V grpah)

s0 in I-V graph, R o

R, <R,
Resistance of metalic wire increases with temperature.
Hence, T < T,.

36. The resistivity of a metallic conductor is given by
p=poll + (T - Tp)]

where

Po = Resistivity at reference temperature

T, = Reference temperature

o = Coeflicient of resistivity

From the above relation, we can say that the graph
between resistivity of a conductor with temperature
is straight line. But, at temperatures much lower than
273 K (i.e., 0 °C), the graph deviates considerably
from a straight line as shown in the figure.
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S
RS

e
o

Resistivity (108 Qm)

50 100 150
Temperature T(K)—>
37. The variation of resistivity of copper with
temperature as shown in figure.

<X

E

9 0.4

é 0.2

=z
50 100 150
T(K) —»

38. Variation of current versus voltage for GaAs.

Non Negative
A linear resistance
i region  reglon
. :

Current I (mA)

Voltage V (V)
39. Increasing temperature causes greater electron
scattering dueto increased thermal vibrations ofatoms
and hence, resistivity p (reciprocal of conductivity) of
metals increases linearly with temperature.

40. Resistance of a

conductor of length I, T
and radius r is given by R
!
R=p—
T[T'z

—»
41. Insilicon, the resistivity increases with decrease
in temperature.

In copper, the resistivity decreases with decrease in
temperature.

42. The variation of
resistivity with T
temperature for a p
typical semiconductor

is as shown in figure.
—>

71
43. Variation of resistivity with temperature for
nichrome
'6\6
1
P

Nichrome is used to make standard resistance coils
because the temperature coefficient of resistivity of
nichrome is negligible.

44. Variation of resistivity (p) with temperature (T)

is shown below :
p

T
In semiconductor the number density of free
electrons (n) increases with increase in temperature
(T) and consequently the relaxation period decreases.
But the effect of increase in # has higher impact than
decrease of T. So, resistivity decreases with increase
in temperature.

45, p=-"_

ne’t
Resistivity of a metal increases with rise in
temperature.

With the rise in temperature, relaxation time
decreasesas number of collisions increases. Although
number density of electrons also increases, it further
reduces the relaxation time because probability of
collisions further increases.

In case of semiconductors with increase in number
density of electrons, probability of collisions does
not increases as this density is too low to effect it.
On the other hand, it increases the conductivity i.e.,
resistivity is reduced.

46. Resistance of each semi-circular part of circle is
4R.

R, =R,=4R
Since two resistors are in parallel,

Effective resistance (R,) is

1 1 1 1 1 2 1

—_——_ =

R, R, R, 4R 4R 4R 2R
R,=2R

e
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47. Let R be the resistance of one slab.
Total resistance in figure (i) is

121 = 2212
Total resistance in figure (ii) is
122 = 1{/22

Required ratio of the resistances =R, : R,
— :212 —
T
48. (i) To get the equivalent resistance of % Q,

4:1

the resistance of 1 Q and 2 Q must be in parallel and
resistance of 3 © should be connected in series with

the resulting resistance.
1Q

AAAAA
YYY 3
vy

I

I I
Equivalent resistance of the parallel combination of
1 © and 2 Q is given by

1 11 1 3 2

—=-+- = === = R==

R 1 2 3

Now, resistance 3 Q is connected in series to the
resultant resistance. Here, the equivalent resistance
is given by

R=R+3 = R’=%+3
3

= R’=%Q (The required value of equivalent
resistance)

11
(i) To get the equivalent resistance of 0 Q, the

resistance of 2 Q and 3 Q must be in parallel and
resistance of 1 Q should be connected in series with
the resulting resistance,

2

AMAAAA
YYYy

b

AAA
AL

=
=

-
=

¥

I
I I
Equivalent resistance of the parallel combination of
2Qand 3 Qis

1 1 5 6
— = —=— = R=-—
R 2 3 R 6 5
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Now, resistance 1 Q is connected in series to the
resultant resistance.

Here, the equivalent resistance is given by
R=R+1

= R=§+1 = R=E.Q
5 5

(The required value of equivalent resistance).

49. When the wire of 15 Q resistance is stretched
to double its original length, then its resistance
becomes
R=n’x15=2"x15=60 Q
When it cut into two equal parts, then resistance of
each part becomes
r=R_5_3¢

2 2
These parts are connected in parallel, then net
resistance of their combination is

R0 50
2 2

So, the current drawn from the battery

vV 3 1
=—=—=— Aor [=02A.
R 15 5
50. E,-E, =8-4=4volt
. 6X3
Total resistance=0.5+1+45+ — =8Q
6+3

4
I= E =05A
Current through 3 Q resistor
6x0.5
= =033A
6+3
Current through 6 Q resistor
= %05 =£:O.16 A
6+3 9
51. The given circuit can be simplified
6V

B

For BCD, equivalent resistance
Ri=5Q+5Q=10Q
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Across BE equivalent resistance R,

ELEPINE SR ST .
R, 10 30 15 30 30 5

Potential difference Vpzp=Ix R, =0.2%5

From figure, R,, R; and R, are connected in parallel.
Effective resistance R,
1.1 1.1 _ 1.1 1_5

R, Ry Ry Ry 15 15 30 30
= R,=6%.

Now, equivalent resistance of circuit,
R=R +R,=4+6=10Q

1
Current I, = 10 =1A
10

Potential drop across Ry =1R; =1x4=4V
Potential drop across all other resistances = 10-4=6V
Current through R, or R;

6 6 2 2
L=—A L=—A=1=2A1,=2A
2715773 15 275375

6 1
Current through R,, I, =—A=1,=-A
30 5
4x4
53. () Ryp=—>=24Q,
AP g1y
12x6
Ro~=1Q, = =4Q
Be Rep =157

Equivalent resistance of network
RAD:RAB+RBC+RCD:2+ 1 +4=7Q

1
_6_2A

(b) Current in circuit J = = =
R+r 7+1

VAB:RABI=2X2:4V
VCD=RCDI=4X2=8V
54. Here simplified circuit is given as

AAAAAA
A YYYWVY B

10Q

73
Current delivered by the battery is
2=t
R
(. Given power dissipated across 2 Q is 200 W)

200
12=T;12=100=>I=10A

Current in branch AB is
40x10
= =8A

40+10
Power dissipated across 5 Q will be
P=Lpx5Q=8x5=P=320W

AB

55. Potential difference across a cell with internal
resistance, ris V=¢-1Ir.
As three cells are in series, so emf = 3¢ and internal
resistance = 3r

V=3e-3r]
WhenI=0then V=6V, s06=3c-00re=2V
When V=0thenI=1A,500=6-1x3r
or 3r=6 or r=2Q

56. We know the relation V =€ - Ir. The emf of a
cell is greater than its terminal voltage because there
may be some potential drop within the cell due to its
small internal resistance offered by the electrolyte.

57. Refer to answer 56.

Note : When cell is charged the
current goes into the positive
terminal as shown in the figure. So potential
difference acrossa cell, V=¢+ 1r.

I¢ ¢

58. Hereg, =¢, £, =-2¢ and &; = 5¢,
r=r, r,=2r and r;=73r
Equivalent emf of the cell is
E=E +6 +E;
=g-28+5e=4¢
Equivalent resistance =1, + r, + r; + R
=r+2r+3r+R=6r+R
4¢

6r+R
The graph for variation of current I with resistance
R is shown below :

Current [ =

I(Amp)

—»R(chm)
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59. 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 I is the current through the
circuit.

It
So, V=-Ir+E \_®_l

Comparing with the equation of a straight line
Y= mx + ¢, we get, 4
y=Vix=ILm=-rc=E E-
Graph showing v
variation of terminal
voltage ‘V’ of the cell
versus the current ‘I’

-
~—
=
-

il e

(Terminal
voltage)

\I (curren;)
Emf of the cell = Intercept on V axis
Internal resistance = slope of line.

60. (a) Electromotive force of emf ‘€’ 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 voltage V of a cell is the potential difference
across its terminals when some electric current is
flowing through it or it is in a closed circuit.

R
WY

(b) Refer to answer 59.
6l. R,=12Q, R,=25Q

Il = 0.5 A, 12 = 0.25 A
For the 1st case
€ €
r=—— Rl =—-=12
A 0.5
76 (@)
0.5
Now, for the 2nd case
£—-6.25
r=—t _255r= (i)

0.25 0.25
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Compare the equation (i) and (ii), we get
€—6_£-6.25

0.5 0.25
025¢-15=0.5€-3.125
-0.25e=-1.625
. 1.625

;€E=65V

0.25 _
Putting the value of €, r = 65-6 = B2
0.5 0.5

r=1Q
62. The currentrelating to corresponding situations

are as follows :
(i) Without any external resistance

In this case, effective resistance of circuit is minimum
s0 current is maximum.

Hencel, =42 A,

(ii) With resistance R; only

_ E

B v+ R].

In this case, effective resistance of circuit is more
than situations (i) and (iv) but less than (iii). So
I, =1.05A.

(iii) With R, and R, in series combination

_ E

T+ Ry +R,

I

I3

In this case, effective resistance of circuit is maximum
so current is minimum. Hence I; = 0.42 A.
__E
R{R.

P12

Ri+R,
In this case, the effective resistance is more than (i)
but less than (ii) and (iii). So I, = 1.4 A.
63. GivenE=10V, r=3Q, I=05A

Total resistance of circuit

rR+r=E2-1%_50
I 05

(lV) 14 =

(i) External resistance R=20-r=20-3=17Q
(ii) Terminal voltage V=IR=0.5%x17=85V

64. (i) The value of potential difference
corresponding to zero current gives the emf of cell.
This value is 1.4 Volt.

(i) Maximum current is drawn form the cell when
the terminal potential difference is zero. The current
corresponding to zero value of terminal potential
difference is 0.28 A. This is maximum value of
current.
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I 028
65. Terminal potential difference .
ver=—t_p-_£_
r+R

1+
R

WhenR — o, V=E
The graph between V
and R is shown

E

1

0 R—>
If no current is drawn from the cell then

V=E [ V=E-IrI=0]
66. Since V=1IR
r=L

I

The slope of combination of metallic wire A is
smaller than that of B.

Resistance of combination A is less. Hence A
represents parallel combination.

67. Given situation is shown in figure
I= E
r+R

1 Er
—&———| FWWW—e——

4—V—>

vvvva""

Terminal voltage,
V=E-Ir

VeE-Ir=FE- _L ER

r=
r+R r+R
(i) VwversusR,

V(volt) —>

R(ohm)—>
(ii) VversuslI,

V=E-1Ir
WhenR=4Q,then]; =1A

E viack ()
r+4

WhenR=9Q,thenI=05A= %A

1=

V(volt) —>

I(ampere)—>

75

1 E r+4

= 7= [Using eqn. (i)]
2 r+9 r+49 8e
r+9=2r+8,r=1Q

From eqn. (i)

emf,E=1+4=5V

68. Internal resistance of a cell depends upon

(i) surface area of each electrode.

(ii) distance between the two electrodes.

(iii) nature, temperature and concentration of
electrolyte.

Let internal resistance of cell be r.

The circuit given in question can be redrawn as

R=50 K
Initially when K is open, voltmeter reads 2.2 V.
ie,emfofthecell,le=22V
Later when K is closed, voltmeter reads 1.8 V which
is actually the terminal potential difference, V.
i.e., if I is the current flowing, then
e=I(R+7r)
= 22=I5+r) ..(1)
and V=¢-1Ir
1.8=22-Ir (i)
Solving (i) and (ii),
I1=036A
Substituting in (ii)
0.4 10
r=——0 = r=—Q
0.36 9
69. The terminal potential difference of a cell is
given by
_ &R
R+r
Where € is emf of the cell, r is internal resistance and
R is an external resistance.

_ €
r/R+1
For resistance R;, V= _B
r/Ry+1
For resistance R,, V, = _ &
r/Ry+1
SinceR; >R, . V1>V,

Hence terminal potential difference of the cell will
be more when external resistor R, is connected to
the cell.
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-ty

b—des]

70.

Ly

AMAA
AAAAS

So, current I:E
R

71. Equivalent emf and internal resistance of
the combination of two cells connected in parallel
combination is given as

_EntEn nn

and r, =—=—
[ [«
4 n+n 1 r+r

Here g, =2¢, g,=¢, r,=2randr,=r

e = 2er+e2r - 2r.r
A4 2r4r T 214y
2er + 2er 2r?
=1, =
& 3r 4 3y
4 3,7 3
4 2
Therefore, €oq = EE and Tog = gr.
L5V 020
& n Eeq r
J— eq
72. n —F =4 5
2V 03Q
€ 2
_Eh &N __hh
¢4 n+r 4 n+r
_1.5x0.3+2x0.2
eeq =
0.3+0.2
0.45+0.4 0.85
=—=—=1.7V
0.5 0.5
0.2x0.3 0.06
Mg = =——=012Q
0.24+03 0.5
73. Here, I=1;+1, (1)
Let V = Potential difference between A and B
E,n
I
B
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For cell E,,
E -V

1

V=E -Iin = I, =

Similarly, for cell E,, L= -V

n
Putting these values in equation (i)
E, -V E,-V
1 + 2
4l H

E, E 1 1
or I= 1 + 2 |- Vi —+—

h % nn

Eir, + Eyr, nr;
or V=|f12TEN | 4 1%
Comparing the above equation with the equivalent
circuit of emf ‘E,;’ and internal resistance ‘r,;’ then,

I=

(1)

V=E,-Ir, ...(iii)
hen
E = En+En P )
L) eq — (i) eq
n + r 4l + [0}

(i) The potential difference between A and B
V= Eeq - Ireq

74. Refer to answer 73.
75. Refer to answer 73.

76. Since, the positive terminal of the batteries are
connected together, so the equivalent emf of the
batteries is given by e =200 V- 10V =190 V.
Hence, the current in the circuit is given by

e_190V__ .

R 38Q

77. First we need to calculate R for no current
through R;.

30
F_EWW —E D
1V Rl
T R
20
3V i
T
o
A
6V B 1 4y

By Kirchhoff’ law,

3I+RI+2I=1+4+6

51+ RI=11 .. (1)
Also, in loop (1),

3[+2I=3+6+1
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5I=10 or I=2amp .. (ii)
Using in eqn. (i),
I0+Rx2=11

2R=1 or R=05Q
Now to determine the
potential difference
between A and D, we can
assume a cell of required
potential V,, between

two points. A

. . , | 6V 4V
On applying Kirchhoft’s law, |
Vip-6-4=-2x05 '

Vap
Vip-10=-1
VAD = 9 VOIt

78. Kirchhoff’s first rule : The
algebraic sum of all the current
passing through a junction of an
electric circuit is zero.

Here, I, I, I, I, and I; are current in different
branches of a circuit which meet at a junction.
L+L-L+1,-1;=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, g
e=2XIR [—
This is based on energy R, iz,

conservation principle
Using this rule,
€ -6=IR; +IR, &

79. In closed mesh ABCD

I+, +L)R=12

A+ 4L+ L) =12

21, + 41, + 41, =12

61, + 4L, = 12

3,+2L=6 (i)
In closed mesh BDEF

(I,+L)R=6

d,+1)4=6

20 +21,=3 ..(ii)
On solving equations (i) and (ii), we get

I;=3

77

Putting the value of I; in equation (i)
3, +2L,=6

3x3+2L,=6

L=-15

Now, I, + I, =3 + (-1.5)

=1.5 Amp.
P=(I,+L)YR=(15’"x4

=2.25 x4 =9 watt.

80. (i) To measure current upto 5 A, the shunt §
should have a value, such that for 5 A input current
through system , 4 A should pass through shunt §
and 1 A should pass through given ammeter.
1xR,=4S

1x08=458=02Q

Thus, the shunt resistance is 0.2 Q.

(ii) Combined resistance of the ammeter and the

shunt,
R= 088 _ 0.8x0.2 _ 0.16 —016Q
08+S 08+0.2 1
81. 300 I
E MW —F
LA Y
20 Q 0V
Cre—W— I D
3
Ly A
Al— B
80V 209 L
Applying Kirchhoff 1st law.
L=I+1I, (at C) ()

Applying Kirchhoft’s loop rule to CDFEC
— 301, + 20 - 20L; =0
3 +20,=2
For loop ABFEA
— 301, + 20L, - 80 =0
-3L+2L,=8
from eq. (i) put the value of I; in eq. (ii)
3L +2L + 2L, =2
5I +2I,=2
-3 +2,=8
8, =-6
I=-3/4A
Put I; in eq. (iv)

(i)
..{iii)

(i)

23
~5x3/442L=2=1= = A

from eq. (i)
I- —_3+§=—6+23 _ HA
4 8 8 8
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82 2000
1 AW R
¥
5V &QQ' gsog
Ll L v
P ——a
I 4v

Applying Kirchhoff’s 2nd law to the loop PRSP

~L,x20-1,x200+5=0

4.[3 + 4012 = ].
for loop PRQP,
~201, - 601, +4=0
5L, + 151, = 1
Applying Kirchhoff’s 1st law
I3 = Il + IZ
from eq. (i) and (iii) we have,
41, + 441, =1
from eq. (ii) and (iii)
On solving we get
11 1100
172 172
4000 39000
Iz = —— A, 1= ——m
215 860
. 2V
DS V. S T 7. S A
Y (1A) 2A
IE: $20 R
Y1A 2A
A ] 1} s > IF
Using KCL at point D
IDC + 1 = 2
IDC = ].A
Along ACDB
Vi+1+1x2-2=Vy
But VA = 0
Ve=1+2-2=1V
84. 1A 3V 2Q
A—<——|—w\—<—B
I 5V 30
E < L AN F
Y (1+1)
D AN C
R

(1)

. (ii)
... (i)
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Here, ‘/AB = VCD = VEF
Vag = Vcp = Voltage drop across R=3-1x2=1V
NOW, VEF_ VCD:>5_31:1=> I=§A.

85. Asno current flows through 4 Q, the current in

various branches as shown in the figure.
F 1Q p 1 D

1Q

Applying Kirchhoft’s loop rule to the closed loop
AFEBA, we get

-I-1-4%x0-6+9=0

or 9-6-2I=0 or 2I=3

or T=2A (D)
2
Again, applying Kirchhoff’s loop rule to the closed
loop BEDCB, we get
6+4x0-IR-3=0or IR=3
3 2

R=7=3><§=2£2 (Using (i))

Potential difference between A and D = Potential
difference A and E

VAD =2I=2X%=3V

86. (a) Referto answer 78.
b) To find I, I, I; in following di \
(b) Tofind I 12 3Eln é)vowmg iagram

A I mm——B

f
i

e
For loop ABCFA

E +Lr;-Lr,-E,=0

= 2+4[,-3L-1=0

= 4I,-3L+1=0 ()
Using loop FCDEF

E,+ L+ Lir;-E;=0

= 1+3L+2L-4=0

= 3L+2;-3=0 . (i)
Also using junctionrule ; =1, + I, -..(idd)
Using (ii) and (iii)

3L+2I+2,-3=0

= 2L +5,-3=0 -.(iv)
Solving (i) and (iv)
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41, =31, +1=0
—2x QI +5I,-3)=0
0-131,+7=0
7
= L =—
713

Substituting in (i)
7

AL -3X—+1=0
13

2
13 13
= L=L+= —iA
3 1 2 13

87. (a) Referto answer 78.

(b) The network is not reducible to a simple series
and parallel combinations of resistors. There is
however, a clear symmetry in the problem which
we can exploit to obtain the equivalent resistance
of the network. The paths AA’, AD and AB are
obviously symmetrically placed in the network.
Thus, the current in each must be the same, say, L.
Further at the corners A’, B and D, the incoming
current I must split equally into the two outgoing
branches. In this manner, the current, in all the 12
edges of the cube are easily written down in terms
of I, using Kirchhoft’s first rule and the symmetry in
the problem. Next take a closed loop, say, ABCC' EA,
and apply Kirchhoft’s second rule :
_IR—(1/2)IR-IR+€£=0

Where R is the resistance of each edge and € the emf

5

of battery. Thus, €= EIR
The equivalent resistance R,, of the network is

e 5
R, =—==R
“ 31 6
ForR=1Q, R, = (5/6)/Q and for € = 10 V, the total
current (= 3]) in the network is 31 = 10 V/(5/6) Q
=12A.ie,I=4A
The current flowing in each edge can now be read off
from the figure.

D, I SCI
12
12 I
A T AA B I
| eIz IR
3 ]
i D 12 C
12
AN ArN B
10V
37 I E]|
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(i) The equivalent resistance of the network is il Q.
(ii) 'The total current is the network is 12 A.

88. (a) Referto answer 78.
(b) =L+1L (i)
Taking loop FEDCF
201, + 401, = 40

= L +2=2

= 20, +4L,=4

E ————————————— AW Iy D

(i)

AII

F—Q—W—{—'I—C

YL

Al—|

Taking loop FCBAF

—-40I; - 20, = - 40 - 80

= 4L +2L,=12

= 2L+L=6 ...{iii)
Substituting value of I, from equation (i) in
equation (iii)

2L+ (I;-1) =6

= 3L-1,=6

On solving equations (ii) and (iv), we get
I=-12A

..(iv)

Consider loop ABDA
IR\ +LG-(I-1}))R;=0
LR +R) + LG -IR; =0 _.(i)
Consider loop BCDB

(L =L)R, - (U-L+ L)Ry - ,G=0
L(R,+R) -L(R,+ R+ G)-IR,=0 ..(ii)
‘When bridge is balanced, Band D are at same potential
i.e., I, = 0. From equations (i) and (ii), we get

Ri+R; Ry

Ry +R, R,
RiR, + R3R, = RyR, + RyR,
RiRy=RyR,
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R Ry
R, Ry

90. Refer to answer 89.

91. Since the condition £= R is satisfied, it is a
balanced bridge. S
The equivalent Wheatstone bridge for the given
combination is shown in figure.
The resistance of arm ABC,
Rsl =2+1=3Q
Also, the resistance of arm ADC,

B

1Q 2Q

A C

20 4Q

R%=4+2=6Q
Equivalent resistance

Current drawn form the battery
I V 4 &
=L =7 s I=2A
R, 2
92. In case of balanced Wheatstone bridge, no
current flows through the resistor 10 & between

points B and C.

The resistance of arm ACD, Rg =10 +20 =30 Q

The resistance of arm ABD, Rg, =5+ 10 =15 Q

Eoui . Rg X Rg,

quivalent resistance R, =—1 "2

“" Rg +R
5‘1 5;2
_30x15 30x15
30+15 45
Current drawn form the source,

1=V =2 Lo gsa
R, 10 2

=10Q

CBSE Chapterwise-Topicwise Physics

10Q

AMAM,
WY¥Yy

a2 B 10O 200 p

AMARA.
YWYYY

10 Q

AMAA
YYYYYY

+y,=
]t

5V
93. The given circuit is a balanced Wheatstone

bridge, so it can be reduced as
R =1Q Rs=2Q

AAAA, AAAA
YYYY YYYY

As R, and R; are in series, so their equivalent
resistanceis R" =R+ Rs=1+2=3Q

As R, and R; are in series, so their equivalent
resistance isR" =R, + R;=2+4=6Q

So, net resistance of the network is

1 1 1 1.1 241 3 1
R R R” 3 6 6 6 2
or R=2Q

So, current drawn from the battery is
1=K=é or I=2A.

R 2
94. (i) Refer to answer 89.
(ii) Let the carbon resistor be S in the given
wheatstone bridge, we have

2R _ 2R
R S
=>1=B

S

= R =S = resistance of carbon resistor
R=8=22x10°Q=22kQ

(iii) When the resistance are interchanged, the

bridge will be a balanced if

2R 22x10° 1

X 2x22x10° 2
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D

I
17
v
X =4R=4x22kQ =88 kQ
Thus, the sequence of colour will be grey, grey
orange.

95. (a) Refer to answer 78.
(b) Refer to answer 89.

96. The value of balancing length would remain
same, there will be no effect of changing the radius
of the wire. Because balancing length is independent
of radius of the wire, it only depends on the length
ratio.

R x

R, 100-x

97. Herel, =40 cm

R L R 40

S 100—11 S 100-40
RO R_Z . Ris=2:3
S 60 S 3

98. Metre bridge : It is the simplest practical
application of the Wheatstone bridge that is used to
measure an unknown resistance.

Principle : Its working is based on the principle of
Wheatstone bridge.

‘When the bridge is balanced,

P R

Q S

»oC

Fig. : Measurement of unknown resistance
by a metre bridge.
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Working : After taking out a suitable resistance
R from the resistance box, the jockey is moved
along the wire AC till there is no deflection in the
galvanometer. This is the balanced condition of the
Wheatstone bridge. If P and Q are the resistance of
the parts ABand BC of the wire, then for the balanced
condition of the bridge, we have

P_E

Q S

Let total length of wire AC = 100 cm and AB =/ cm,
then BC = (100 - 1) cm. Since the bridge wire is of
uniform cross-section, therefore,

resistance of wire o length of wire

P resistance of AB ol 1

6_ resistance of BC_O'(IOO =) =100 -1

where © is the resistance per unit length of the wire.

I
1001
RQ100-1)

l

Knowing [/ and R, unknown resistance S can be
determined.
(i) The current must be kept at low value.
Otherwise, resistance of wire changes on getting
heated and affected the values.
(ii) The current should not be passed continuously
for a very long time.
(iii) The jockey should not be dragged along the wire.

or

Hence, B =

or §=

99. (a) The resistivity of a copper wire is very low.
Also, the connections are thick, so that the area is
quite large and hence the resistance of the wires is
almost negligible.

(b) Itis preferred to obtain the balance point in the
middle of the meter bridge wire because it improves
the sensitivity of the meter bridge and minimum
error due to resistance of copper strips.

(c) Constantan is used for meter bridge wire
because its temperature coefficient of resistance is
almost negligible due to which the resistance of the
wire does not change with increase in temperature of
the wire due to flow of current.

100. Working principle of a meter bridge is the
wheatstone bridge condition. The value of R and X
were doubled and then interchanged. Hence the new
position of balance point remain same.

AJ=40
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From the principle of Wheatstone bridge,
R 40

X 100-40

x=p2_32
40 2

When, the galvanometer and cell are interchanged,
the condition for a balance bridge is still satisfied.
Therefore the galvanometer will not show any
deflection.

101. Refer to answer 100.

102. When resistances R and S are connected then
balance point is found at a distance 40 cm form the
7ero

R_ 40
S 100-40

R_40_R_2 (i)
S 60 S 3

When a resistance of 12 Q is connected in parallel
with S then total resistance in the right hand gap is

- 12§ ..(ii)
S+12
1 1 1 R,R

v —=—f—=R=—12_
R R R, R +R,

Since balance point is obtained at a distance 50 cm
form the zero.

R_ 50 R 50
S, 10050 S, 50
5=1 (i)
5

Dividing (i) by (iii), we get

R 2

S_3_ RS _2

R 1 S R 3

s

= S—1=%:>SI=ES
S 3 3

Putting the value of S; in (ii), we get
2 12§ 2 12
—S = = —=

3 S+12

37 S+12
= 285+24=36=25=12 . §=6Q
Putting the value of S in (i), we get
R_2_,p=2y6-40
6 3 3

R=4Q and S=6Q

ICBSE Chapterwise-Topicwise Physics

103. (a) When X and Y are connected in left and
right gaps of meter bridge respectively, then
X 1 40 40 _2

Y 100—]/ 100-40 60 3

or X= % Y (1)

(i) When 10 & is connected in series with X
in left gap, then its effective resistance becomes
X = (X + 10) Q and the balance point shifts by 10
cm towards right side, So, new balancing length
becomes !’ =1+ 10=40+10=50 cm

x_ U

X+10 50 50
Y 100-50 50

or X+10=Y or §Y+10=Y

or 10=Y—2Y=1Y
3 3

or Y=30Q (i)

and X=EY=E><30

3 3
or X=20Q ... (iif)
(iii) When 10 Q resistance is instead connected in

series with Y'in right gap, then
X I 20 L

= T —
Y+10 100-1] 30+10 100-14
oo Lo
2100,
or 100-1=2I or 100=3]

100
or I = e 33.33cm

|
So, then null point will be obtained at 33.33 cm on

the wire from left end A.

104. (i) Meter bridge works on the principle of
Wheatstone bridge.

h

(ii) In first case, R =
100-4

Sk

1004

In second case,
R L

XS ) 100-1,
X+S

(1)

or R
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B L, x X§
(100-1L) (X +S)
From equations (i) and (ii), we get
Sh L, xXS§
100-}  (100-L)(X+S)

or 1,(100-1) (X+S)=XL,(100-1,)

or (1001, - I,L,) (X + S) = 100 XI, - XI,1,

or 100 XI, - X1, + 100 SI, - SL,1, = 100XT, - X1, 1,
or 100 X], - 100 X1, = SI,1, - 100 S,

or 100 X(l, - L) = SI,(, - 100)

_ S (1, ~100)
100(, -1,)

.. (i1)

R
105.Case—I:—1=L=@=%

R, (100-40) 60 3
R 2

—== (i
R, 3 (@)
R, +10
Case-11: =L = a0 =@=§
R,  (100-60) 40 2
R, +10
1 _3 (i)
R, 2
From eqn (i) and (ii), we get
2 10 3
==
3 R, 2
RZZIZQ
From equation (i) R_2, R, =8Q
d 122 37!

106. (a) Refer to answer 98.

(b) Refer to answer 100.

(c) The bridge is most sensitive when null points,
some where near the middle point of the wire. This
is due to end resistance. Because of this reason it is
important to obtain the balance point near the mid-
point of the wire.

107. Refer to answer 98.

108. Working : When a constant current flows
through a wire of uniform thickness, the potential
difference between its two points is directly
proportional to the length of the wire between these
two points.

Vec | = V = KI, where K is potential gradient.
109.e=I(R+r)and V=1IR

g R+r

v R

We get, r = (E — l)R
Vv
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110. (i) Refer to answer 108.
(i) Here AB=1m,R,z=10Q,
Potential gradient, k =%, A0 =1=7?
Current passing through AB,

I 2V 15Q

03Q

2 2 2

I: = |
15+R,; 15+10 25 4

2 4
v =IXR = e —
‘AB AB 25><10—5 V

=‘_/&=é Vm !

Current in the external circuit,

, 15 15

12403 1.5
For no deflection in galvanometer,
Potential difference across AO=15-127F
= k()=15-12xT
4 3X

= §l=0.3 0r,l=03 &
/=37.5¢cm

111. Internal resistance by plc()tentiorneter

i
g

A

e B

L G

R K,
Initially key K, is off
Then at balancing length /;
e=Kl; ..(1)
Now key K, is made on.
Then at balancing length [,
V=Kl ..(ii)

I
So, © =L (i)

VoL

1A

=0.375m

R+r r

[Using (iii)]
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112. (i) By increasing resistance R, the current
through AB decreases, so potential gradient
decreases. Hence a greater length of wire would be
needed for balancing the same potential difference.
So the null point would shift towards B.

(ii) By decreasing resistance S, the current through
AB remains the same, potential gradient does not
change. As K, is open so there is no effect of § on
null point.

113. Working principle of potentiometer : When a
constant current is passed through a wire of uniform
area of cross-section, the potential drop across any
portion of the wire is directly proportional to the
length of that portion.

+ _El
"E\\_ 13
2 -

Hye= ! o

> ¢

*0

()
A\

Application of potentiometer for comparing emf’s of
two cells : The given figure shows an application of
the potentiometer to compare the emf of two cells of
emf E, and E,. E,, E, are the emfs of the two cells and
1,2, 3 form a two way key.

When 1 and 3 are connected, E, is connected to the
galvanometer (G).

Jokey is moved to N}, which is at a distance [, from
A, to find the balancing length.

Applying loop rule to AN, G314,

0L +0-E =0 (1)
Where, ¢ is the potential drop per unit length.
Similatly, for E, balanced against L(AN,),

(I)lz + 0 - E2 = 0 ...(ii)
From equation (i) and (ii)

gh b (i)
E,

Thus we can compare the emfs of any two sources.
Generally, one of the cells is chosen as a standard cell
whose emf is known to a high degree of accuracy.
The emf of the other cell is then calculated from
equation (iif).

114. Net resistance of the circuit,
R=(Rup+5)=10+5=15Q

Current flowing in the circuit,

) CBSE Chapterwise-Topicwise Physics

V_6
I = R 15A emf
Potential drop across ©
AB = IRAB
_6 .10
—-15><10 4V A Ty B
e.m.f. of primary cell, 100 cm R
e= %‘{43
Here, I =40 cm, L = 100 ¢m,

L ——w——

V=4V 6V 50
So, 6= x4=16V

’ 100
115. From the figure :
Total resistance of ©
the circuit,

A B

R=(Ry+5)Q=20Q soem _JF
Current in the circuit, 100 cm
I=VIR=5/20=025V | 5y o

Voltage across AB,
‘/AB = I'RAB = 375 V

Here, I = 60 cm (balance point)
L =1m =100 cm (total length of the wire)
. 3.75%x60
100

=225V

116. (a) Principle of potentiometer : The potential

dror across the length of a steady current carrying
wir liform cross-section is proportional to the
length of the wire.

(i) We use a long wire to have a lower value of
potential gradient i.e., alower "least count” or greater
sensitivity of the potentiometer.

(i) The area of cross section has to be uniform
to get a uniform wire as per the principle of the
potentiometer.

(ili) The emf of the driving cell has to be greater than
the emf of the primary cells as otherwise, no balance
point would be obtained.

IR _IP

(b) Potential gradient, K= —=—=—
L A

=<

KA = constant
.. The required graph is shown in the figure
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f

K

—p (Area)

117. Principle of potentiometer : When a constant
current is passed through a wire of uniform area of
cross-section, the potential drop across any portion
of the wire is directly proportional to the length of
that portion.

Factors on which sensitivity of potentiometer
depends are :

(a) Resistance of the wire, (b) Number of the turns in
the wire, and (c) Increasing the length of the wire.
(i) When resistance R is increased, the current
through potentiometer wire AB will decrease, so
potential difference across AX will decrease, so
balance point X will shift towards B.

(ii) When resistance § is increased, keeping R
constant there is no change in balance point because
there is no current in the secondary circuit.

118. (i) IR

I
. 300 cm >

120 cm
4 —— > D

A B
=2 1
1,_.|_yA

5HS

Let ¢ V cm™ be potential gradient of the wire.
Applying Kirchhoff’s loop rule to the closed loop
ACA, we get

0(120) =€, - &, (1)
Again, applying Kirchhoff’s loop rule to the closed
loop ADA, we get
0300 =g, +e,

Divide (i) by (ii), we get

€1 — €&y 120 _ 2

e +e, 300 5

5, - 5€, = 2€, + 2€, or 3€, = 7€,
&g _7
g -3 .. (iii)

..(i1)

(ii) Let the position of null point for the cell € is /5.
€= 0l (V)
Divide (i) by (iv), we get

85
& —8& _120 _ &y 120
& 3 g I3
13120 (Using (iif))
77 1
4120

o= or I3=210cm

Sensitivity of a potentiometer is increased by
increasing the length of the potentiometer wire.

119.(a) Refer to answer 108.
(b) Refer to answer 111.

120. Refer to answers 108 and 111.

121.(a) Two possible faults are

(i) Negative terminal of the source of unknown
emf is joined with end A of the wire.

(ii) The emf (E) is less than the unknown emf E’.
(b) The galvanometer deflection at the end B is
more, means source of unknown emf have been
joined with its —ve terminal to end A. Current gets
divided at point A and combines at point B. The
galvanometer deflection at the end B is less than at
the end A, means the emf applied is less than the
unknown emf used. Current gets combined at end A
and divided at end B.

122. (a) Principle of a potentiometer : When a
constant current is passed through a wire of uniform
area of cross-section, the potential drop across any
portion of the wire is directly proportional to the
length of that portion.

Potential gradient : Fall of potential per unit length
of the given wire is known as potential gradient.

\4

K= —
!

where K is potential gradient, V is potential across
any portion of length [ of the wire.

Let V be the potential difference across certain
portion of the wire, whose resistance is R. If I is the
current through the wire then V =IR

We know that R= p%, where [, A and p are length,

area of cross-section and resistivity of the material of
the wire respectively.

1

V=Ip—
Pa

V_Ip_ p_1Ip

1A A

(b) Refer to answer 118.
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123. (a) Refer to answer 113.

(b) (i) The emf of the cell connected in main circuit
may not be more than the emf of the primary cells.
(ii) The positive ends of all cells are not connected
to the same end of the wire.

124. (a) Refer to answer 113,

(b) The potentiometer wire is made of an alloy,
such as constant or manganin. It is because, an alloy
has high resistivity and a low value of temperature
coefficient of resistance.

(c) The sensitivity of a potentiometer can be
increased by increasing the length of potentiometers
wire which is responsible for decreasing the value of
potential gradient.

125. (a) Refer to answer 108.
(b) Refer to answer 113.

126. As per the figure,
Total current through the wire AB is given by
_E 2
R+r R+15
The potential gradient of the wire is given by
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B5__2 15
100 R+15 100

As, the balance point with cell E, of emf 75 mV is
found at 30 cm from end A

K=1Ix

x0.15x30=75x10">
R+15

(—xO.le?»O) ~15=R

75x107

R=105Q

(ii) Potentiometer is preferred over a voltmeter for
comparison of emf of cells because at null point,
it does not draw any current from the cell and
thus there is no potential drop due to the internal
resistance of the cell. It measures the p.d. in an open
circuit which is equal to the actual emf of the cell.

(iii)

L@



