N
Latest
Pattern

CBSE Board

PHYSICS

Solved Papers (2008-17)
in Level of Difficulty Chapters

with 3 Sample Papers

Solutions developed by the most '
IR restigious Author in Phy

(Innovative
Way to Master 2008-17 Erroriess
Physics) Past Papers Solutions




12 e

Class dISha

GBSE Board
Physics
Solved Papers in

Level of Difficulty Chapters
with 3 Sample Papers

(Latest Pattern)

Shipra Agarwal

e Past Papers (Al, Delhi & Compartment 2008 Onwards)
e  Errorless Solutions

e Unique Presentation




Corp. Office : 45, 2nd Floor, Maharishi Dayanand Marg, Corner Market,
Malviya Nagar, New Delhi-110017
Tel. : 011-26691021 / 26691713

[=] 7 =]
[=]

Typeset by Disha DTP Team

DISHA PUBLICATION
ALL RIGHTS RESERVED

© Copyright

No part of this publication may be reproduced in any form without prior permission
of the publisher. The author and the publisher do not take any legal responsibility
for any errors or misrepresentations that might have crept in. We have tried and
made our best efforts to provide accurate up-to-date information in this book.

For further information about the books from DISHA,
Log on to www.dishapublication.com or email to info@dishapublication.com

GP_3166



= Content &

1. What is the definition of ....... ? 1-16

2.  How will you identify/ differentiate
between....? 17-38

3.  Why does the following phenomenon
happen (reason).....? 39-66

4. How will you draw graph / diagram of ......? 67-112
5. What is the law/rule/principle of ......? 113-120

6. What are the properties/ functions/
uses/effects of ......? 121-140

7. How will you establish relation/deduce
expression for ....... ? 141-244

8. How will you get the solution of

numericals based on formula ...... ? 245-356

9. How will you solve numericals based on

laws / theorems ....... ? 357-384
' Sample Paper-1 sp-1-5
Sample Paper-2 sp-6-9
Sample Paper-3 sp-10-14

Hints & Solutions (Sample Paper 1 to 3) sp-15-64



Preface

“CBSE Board Physics Solved Papers in Level of Difficulty Chapters” is altogether

a new approach for commanding Physics for Class 12 CBSE Board exams. The
book is written in a very simple and lucid language. This edition covers solutions
to all the questions that appeared in the years 2008 onwards in the CBSE Board
exams for the Delhi, All India and Foreign regions. The book also includes the
questions of the compartment papers.

The book provides a unique and innovative chapterization and has been divided on
the basis of the types of the questions rather than the typical chapter-wise format.
Some of the typical chapter names are: What is the definition of? How will you
identify/ differentiate between? Why does the following phenomenon happen
reason? What is the law/ rule/ principle of ? How will you establish relation/
deduce expression for ........ ? etc.

Inall such chapters previous years questions from the complete syllabus of Physics,
Class 12 viz. Electrostatics, Current electricity, Magnetism, Alternating Current and
EM waves, Optics, Atoms and Nuclei, Electronics and Communication Systems.
The structure of the book has been designed on the basis of answers it provides
to the following 5 questions:

1 What has been asked in the exam?

2 Why is this question important? Why this question is repeated many-a-times?
3. How do I answer this question in the best way?

4 Where (Delhi/Al/Foreign) did this question appeared?

5 When (year) was this question asked?

Another unique feature of the book is the quality of its solutions which will not
be found anywhere.

The book also contains Moral VALUE based questions based on the pattern of
the questions asked in the Board examination. The book also provides 3 Sample
papers with detailed solutions.

The book will be an eye-opener for all class 12 students who will appear in the
CBSE Al, Delhi and other state board examination. It is my guarantee that this will
turn out to be the BEST TOOL FOR PRACTICING AND REVISING PHYSICS
for Class 12 CBSE Board exams.

In the end I would like to thank Sanjeev Kumar Jha for working very hard to
bring out the book in the present shape. Any suggestions for the improvement of
the book are most welcome.

Shipra Agarwal
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CHAPTER 1

What is the definitionof .......7

(A) Electrostatics

1.

N s

S

(B)

11.
12.
13.

14.

15.
16.

Define electric flux.
[All India 2008, 2009, Delhi 2008C, 2012, 2012C, 2013C]

Define electric dipole moment of an electric dipole.
[All India 2008C, 2011, Foreign 2009, 2012]
Define the dielectric constant of a medium. [Delhi 2011C]
Define quantization of electric charge.
Define following terms :
(1) Electricfield
(i) Electric field intensity
Define electric potential energy. [Delhi 2008C]
Define electrostatic potential.
Define capacitance of a capacitor.
Define an equipotential surface. [All India 2016]

Current Electricity

Define resistivity of a conductor. [Delhi 2008, All India 2011]
Define Ohm's law.
Define specific resistance.
Define mobility of a charge carrier. [Foreign 2008,
All India 2013C, Delhi 2014]
Define relaxation time of the free electrons drifting in a conductor.
[All India 2012]
What is the emf of a cell ?
Define the term 'drift velocity' of charge carriers in a conductor.
[All India 2013C, Delhi 2014, 2016]



2 PHYSICS

17.

18.
(©)
19.

20.
21.

22.
23.
24.
25.
26.
27.
28.
29.
30.

(D)
31.

32.

33.
34.
35.
36.
37.
38.
39.
40.

Define the term 'electrical conductivity' of a metallic wire.
[Delhi 2014]

State Kirchhoff’s rules. [All India 2015]
Magnetism
Using the concept of force between two infinitely long parallel current

carrying conductors, define one ampere of current.
[Delhi 2009, All India 2014]

What is ‘Bohr magneton’? [All India 2010]
Define the current sensitivity of a galvanometer.

[All India 2013, 2013C]
What are permanent magnets? [Delhi 2013]

Define force on a moving charge.

Define magnetic field strength.

Define magnetic susceptibility of a material. [Delhi 2008]
Define magnetic dipole moment. [Delhi 2008C]
Define potential energy in magnetic field.

What is hysteresis ?

Define magnetic permeability.

State Biot - Savart law. [All India 2017]

EMI, Alternating current and EM waves

Define mutual induction between two long coaxial solenoids.
[All India 2008, 2014, Foreign 2008, 2009, Delhi 2009, 2012]

Define self inductance of a coil.  [Foreign 2009, Delhi 2009,
All India 2010, 2013C, 2014, 2017]

Define magnetic flux (¢)

Define eddy currents.

What is working principle of a.c. generator.

Define the quality factor in an a.c. circuit. [Delhi 2009, 2016]
Define power factor.

What do you mean by root mean square value of an A.C.

What do you mean by electromagnetic spectrum ?

Define capacitor reactance. Write its S.I. units. [Delhi 2015]
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What is the Definition of

41.
(E)

42.
43.

44.

45.
46.
47.
48.
49.
50.
51.
52.

53.

54.
55.
56.

57.
58.

(F)

59.
60.

61.
62.

Define mutual inductance between a pair of coils. [All India 2017]
Optics

Define power ofa lens. [Foreign 2010, 2012]
Define magnifying power of a telescope.
[Delhi 2010C, 2012, All India 2013]

Define following terms :
(1) Reflection (i) Refraction
Define the phenomenon of total internal reflection.

Define critical angle.
How is a wavefront defined ? [Delhi2008, All India 2016, 2017]

What is plane polarised light? [Delhi 2008]
What are coherent sources? [All India 2010C]
Define the diffraction in wave optics.

Define Fresnel distance.
Define the terms ‘threshold frequency’ and ‘stopping potential” in

the study of photoelectric emission. [Foreign 2010]
Define intensity of radiation on the basis of photon picture of light.
Write its S.I. units. [All India 2012,2014]
Define work function.

Define the phenomenon of photoelectric effect.
Define the term ‘intensity of radiation’ in terms of photon picture

of light. [All India 2015]
State Brewster's law. [Delhi 2016]
What is dispersion of light? [Delhi 2016]

Atoms and Nuclei

Define the Q-value of a nuclear process. [All India 2010C]
Define the activity of a given radioactive substance.

[Delhi 2010, All India 2013]
Define the term radioactivity.
Define ionization energy. [All India 2016]



2 PHYSICS

(G) Electronics and Communication Systems

63. Define the following terms:
(1) Input resistance
(i) Current amplification factor, B of a transistor used in its CE

configuration.
[Delhi 2008, 2009C, 2015, Foreign 2011, All India 2010C, 2011C]
64. Whatis a Light Emitting Diode (LED)? [All India 2010]
65. Define term output resistance used in transistor amplifiers.
[Foreign 2011]
66. Define the terms 'depletion layer' and 'barrier potential' for a p-n
junction. [All India 2013C]
67. What is diffusion current?
68. What is an amplifier? [Delhi 2008]
69. Define transducer.
70. What is meant by term ‘modulation’ ? [Delhi 2009]
71. What is space wave propagation? [Delhi 2009, 2010]

72. What is sky wave propagation? [Delhi 2009, All India 2011]
73. What is the ground wave communication?

[Delhi 2009, All India 2011, 2015]
74. What is meant by 'detection of a modulated signal'? [Delhi 2013C]
75. Define modulation index. [All India 2016]

76. Define the terms (i) attenuation and (ii) demodulation used in
communication system. [Delhi 2016]
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What is the Definition of

SOLUTIONS

1.  Electric flux is defined as the number of electric field lines crossing a
unit area perpendicular to the area.
Electric flux ¢ = E.ds

2.  Electric dipole moment of an electric dipole is the product of its
either charge and the length of the electric dipole. It is denoted by p.
p=qx2l
Its unit is coulomb-metre.

3.  Thedielectric constant of a medium is the ratio of force experienced
by the two unit positive charges when placed at unit distance from
each other in vacuum to the force experienced by the same point
charges separated by same distance in medium.

4.  Quantization of electric charge:— Any charge exists in discrete lumps
or packets of a certain minimum charge +e, where e is the charge of
an electron. According to quantization of charge, the charge on a
body can be only an integral multiple of charge on the electron, i.e.,

q=xne wheren=1,2,3....... ande=1.6x10"19C

5.  Electric field is defined as a region of space around a charge or
a system of charges within which other charged particles
experience electrostatic forces.

Electric field intensity is a measure of the strength of the electric
field. It is defined as the electrostatic force per unit charge.

6. Electric potential energy of a system of point charges is the total
amount of work done in bringing various charges to their respective
positions from infinitely large mutual separations.

Potential energy = kch% .

7.  Electrostatic potential at a point in the electrostatic field is defined
as the work done in moving a unit positive charge from infinity to
that point against the electrostatic force along any path. It is a scalar
quantity.

8.  Capacitance of a capacitor is the measure of the capacity of a device
of storing charge.

charge Q

voltage V
Its S.I. unit is farad (F) .

Capacitance, C =




9

10.

11.

12.

13.

14.

15.

16.

PHYSICS

An equipotential surface is that surface at every point of which, the
electric potential is the same.

The resistivity of conductor is equal to the resistance offered by the
conductor of unit length and unit cross-sectional area.

Resistance, R = p% p = resistivity of the material.

Ohm’s law: Temperature and other physical conditions remaining
same, the electric current flowing through a conductor is directly
proportional to its potential difference. i.e., I «< V or, V=IR where
R =resistance of the conductor.

Specific resistance (P ) of a material is defined as the resistance of

unit length and unit cross-sectional area of the conductor. Its S.I.
unit is ohm-m.

. . m
Specific resistance, p = ——
ne“t

N

Mobility (p) is defined as the drift velocity (V) per unit electric

fieldE. ie, p=—d.
E

The average time difference between two successive collisions of
drifting electrons inside the conductor under the influence of electric
field is known as relaxation time.

E.m.f of a cell is defined as the maximum potential difference
between the two electrodes of the cell when no current is drawn
from the cell i.e., in open circuit.

The motion of free electrons in a conductor are continuous and
random. They collide with positive metal ions and change
direction during each collision. So thermal velocities are randomly
distributed and average velocity is zero.

When a potential difference is applied across the ends of a
conductor, electrons are drifted towards the positive terminal of
the field, this velocity is called drift velocity (v,).

E
Drift velocity, vy = - —

m
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What is the Definition of

17.

18.

19.

20.

Electrical conductivity of a metallic wire refers to its ability to carry
an electrical charge with minimum resistance.

The electrical conductivity of a metallic wire is defined as the ratio
of the current density to the electric field it creates. It is
represented by o(sigma).

Electrical conductivity, 6=J/E

Its S.I. unit is (mho m_l) or (ohm m)_l

Kirchhoff’s first rule (Junction rule): The algebraic sum of the
currents meeting at a point in an electrical circuit is always zero.

DI=0

This law is justified on the basis of law of conservation of charge.
Kirchhoff’s second law (Loop rule): In a closed loop, the algebraic
sum of the emfs is equal to the algebraic sum of the products of
the resistances and the current flowing through them.

De=) IR

This law is justified on the basis of law of conservation of energy.
The amount of current which when

flowing (in same direction) through two I=1A I=1A
infinitely long parallel wires separated $ 1'm $
by one metre produces an attractive

force of 2 x 1077 N/m is called one
ampere.

The wires must have negligible circular
cross-section and they must be placed —> <1
in vacuum. F=2x 10‘7 N/m
From Bohr’s postulates

[ =mvr =ﬂ wheren=1,2,3.....
2n

e nh
W=——"T—=nlnpjn

2m 2m

h
where Upin = L called Bohr magneton.

41tm



19

21.

22.

23.

24.

25.

26.

PHYSICS

The current sensitivity of a galvanometer is defined as the deflec-
tion per unit current.

Current sensitivity, [ = %: Nkﬁ
The magnets which have high retentivity and high coercivity are
called permanent magnets. Magnetite or lodestone is a natural or
permanent magnet.
Force on amoving charge : A moving charge is a source of magnetic
field.

Z

_)
+q vecosd By

Let a positive charge q is moving in a uniform magnetic field f3 with
velocity v.” Fcq
F cvsin® , F B

F «cqBvsin® = F=kqBvsing@ [k= constant]

Magnetic field strength is defined as the force experienced by a unit
charge moving with unit velocity perpendicular to the direction of
magnetic field.

Magnetic susceptibility of a material is defined as the ratio of
magnetisation to magnetic intensity.

M
Magnetic susceptibility, y = H

Aluminium is a paramagnetic substance having positive
susceptibility.

Bismuth is a diamagnetic substance having negative susceptibility.
Magnetic dipole : Two unlike poles of equal strength separated by a
small distance is called a magnetic dipole.

—

M

l€ 21 >
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What is the Definition of

Magnetic dipole moment, M = m(2Z) where m is the magnetic
pole strength, 2 £ is the distance between the two poles. It is directed
from S to N pole. The S.I. unit is joule/tesla.

27. Potential energy of a magnetic dipole in a magnetic field,

=-—MB (cos 6,—cos 0,)
If 6, =90° and 0, =0 then U=—MBcos§ =—-M . B

28. The phenomenon oflagging of magnetic induction B (or intensity of
magnetisation, I) behind the magnetising force H when a specimen
of a magnetic material is subjected to a cycle of magnetization is
called hysteresis. Hysteresis is shown by ferromagnetic substance
only.

29. Magnetic permeability (n ) : It is the ability of a material to permit
the passage of magnetic lines of force through it. Relative magnetic
permeability of a medium is the ratio of absolute permeability of the
medium to the permeability of free space.

_r_B
" Mo By
30. (a) Biot-Savart law states that the magnetic field (dB) due to the
current element d/ at any point P is
() directly proportional to the current, [ i.e.,dBocl
(i) directly proportional to the length d/ of the element i.e., dB ud/
(iii) directly proportional to sin 6, where 6 is the angle between d/
andr, ie., dBocsin®
(iv) inversely proportional to the square of the distance 7 from

1
the current element ABi.e.,dB p el

Therefore, we have

B Idlsin©
M 2
Mo Idi sin©
dB= Am 42

In vector notation,




2 PHYSICS

31.

32.

33.

34.

35.

36.

37.

Mutual induction is the phenomenan of generation of induced emfin
asolenoid when current is changing in neighbouring coaxial solenoid.

Self-inductance of a coil is a property of a coil by virtue of which it

opposes any change in self-flux linked with the coil.

When a current is passed through a coil, it produces a magnetic

field. A flux is linked with the magnetic field produced by the coil.

This flux is called self-flux.

magnetic-flux is directly proportional to the current flowing through

the coil. IfTis current flowing through a coil and '¢' is the magnetic
flux linked with its own magnetic field, then

ol or, ¢=LI
where L is the proportionality constant and is known as self-

inductance.
Magnetic flux (¢) : Magnetic flux through any surface held in a

magnetic field (B) is the total number of magnetic lines of force

crossing the surface.

Eddy currents : Currents induced in the body of a conductor when
the amount of magnetic flux linked with the conductor changes is
called eddy current.

Magnitude of eddy current, i = M
resistance
e _ d¢/dt [ d¢]
i=—=——"—" | e=—"
R R dt

Principle of ac generator : A dynamo or generator is a device which
converts mechanical energy into electrical energy. It is based on the
principle of electromagnetic induction.
Quality Q-factor of the circuit is defined as the ratio of inductive
reactance at resonance to the resistance R in the circuit

LO)O _ 1 1

ie, Q=—= ie, Qo —
Q R C0)0R R

The power factor : The instantaneous power supplied by the source
is given by,

Vo I
P=VIcos ¢ whereV=—=1=—+=.
¢ N

The quantity cos¢ is called the power factor.
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What is the Definition of

38.

39.

40.

41.

42,

43.

Root mean square value of an A.C. : It is the steady current which
when passed through a given resistor for a certain time, shall produce
the same heat as the given A.C. shall do when passed for the same
time.
I

=0.7071,, E Eg =0.707E,

_l -
Electromagnetic spectrum : The electromagnetic waves have
continuous wavelength starting from short gamma rays to long
radiowaves. The orderly distribution of wavelength of e.m. waves is
called electromagnetic spectrum.

In a purely capacitive circuit the current leads the applied emf by
an angle n/2 and the impedance of the circuit is 1/@C and this is

known as capacitor or capacitive reactance Z = X = %
®

The SI unit of capacitor reactance is ohm (Q).
Mutual inductance is the property of two coils by the virtue of
which each opposes any change in the strength of current flowing
through the other by developing an induced emf.

The power of a lens is equal to the reciprocal of its focal length
when it is measured in metre.

1

Power ofalens p=———
f (in metre)

. It unit is dioptre (D).

The magnifying power of a telescope is equal to the ratio of the
visual angle subtended at the eye by final image formed at least
distance of distinct vision to the visual angle subtended at naked
eye by the object at infinity.



44.

45.

46.

47.

48.

49.

PHYSICS

(i) Reflection : The phenomenon of returning of light into the
same medium after being incident on a surface is known as
reflection of light.

(i) Refraction : When a beam of light is incident on a surface
separating two transparent media, a part of light gets reflected
back into the first medium while the rest enters the other.

The bending of light as it passes obliquely from one transparent
medium to another is known as refraction of light.

Total Internal Reflection : The phenomenon of reflection of total

light when the light traveling from an optically denser medium to a

rarer medium strikes the interface at an angle greater than the critical

angle is called total internal reflection.

Critical angle : The critical angle for the given pair of media is

defined as the angle of incidence in the denser medium correspond-

ing to which the angle of refraction is 90° in the rarer medium.

According to Snell’s law,

sini ..
Ny =—o wheni=i,, r=90°
sinr
sini . . _ 1
12 = ————=sini SNy =
sin90 sini,

A wavefront is defined as the continuous locus of all the particles of
a medium which are vibrating in the same phase.

The plane polarised light is that in which the vibrations of light
(electric field vector) are confined in a particular direction.

Let E;, be the amplitude of the component coming out from Ist
polaroid. As the third polaroid is placed between polaroids 1 and 2,
bisecting the angle 45° between them.

Ml —
W W\ =

Then the component of the electric field emerging from 3rd polariod is

E =Ejcos45° = E,
V2
To observe interference fringe pattern, there is need to have sources
of light which can produce light of constant phase difference are
called coherent sources.
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What is the Definition of

50.

51.

52.

53.

54.

5S.

56.

57.

58.

Diffraction : It is the phenomenon of spreading of light waves as

they pass through a narrow opening.

All types of waves, be it sound waves, light waves, water waves

exhibit the phenomenon of diffraction.

Fresnel distance : It is the distance travelled by a beam of light

though an aperture of size 'a’, before it starts to spread out due to
2

diffraction. Fresnel distance, Z; = aT

Threshold frequency : The minimum frequency below which there
is no occurrence of photoelectric effect is called the cut-off or
threshold frequency.

Stopping potential : The value of negative potential of anode at
which photoelectric current in the circuit reduces to zero is called
stopping potential.

Intensity means strength or power. Therefore the intensity of
radiation is defined as the number of photons per unit surface area
per unit time. The S.1. unit of intensity of radiation is joule/meter?
second.

The minimum energy required to pull an electron out from the surface
of the metal is called work function.

The phenomenon of emission of electrons when radiation of suitable
wavelength is incident on a surface of metal is called photoelectric
effect.

Intensity of radiation is defined as the number of photons falling per
unit area in unit time.

Brewster's angle or angle of polarisation is defined as the angle of
incidence at which light with a specific polarisation is perfectly
transmitted without any reflection through a transparent dielectric
surface. In other words, the light incident at Brewster's angle, when
reflects back, is perfectly polarised.

The phenomenon of splitting of white light into its seven constituent
colours is called dispersion of light.

When a narrow beam of sunlight is incident on a glass prism, the
emergent light spilts into seven colours, namely, violet (V), indigo
(1), blue (B), green (G), yellow (Y), orange (O) and red (R).




59.

60.
61.

62.

63.

64.

65.

PHYSICS

The Q-value of a nuclear process refers the energy release in the
nuclear process, which can be determined using Einstein’s mass
energy relation, £ = mc?. The Q-value is equal to the difference of
mass of products multiplied by square of velocity of light.

Activity is defined as the decay rate of the radioactive sample.

Radioctivity: It is a nuclear phenomenon in which an unstable
nucleus undergoes decay. The phenomena of disintegration of heavy
elements into comparatively lighter elements by the emission of
radiations is called radioactivity.

The minimum amount of energy required to remove an electron from
the outermost orbit of a neutral atom in its ground state is known as
the ionization energy of that atom.

(i) The input resistance, r; of transistor in CE configuration is
defined as the ratio of small change in base-emitter voltage to
the corresponding small change in the base current, when the
collector emitter voltage is kept constant,

. AV,
ie, r=| —£&
Al

! J
VcEg = constant

(i) The current amplification factor of a transistor in CE
configuration is equal to the ratio of the small change in the
collector current (Al ) to the small change in base current when
collector-emitter voltage is kept constant,

A
e, B= [ﬁ

Alp J VcE = constant

Al = change in collector current

Alg = change in lose current. Its value is very large (B, >>1)
Light emitting diode : LED is a forward biased p-n junction which
converts electrical energy into optical energy of infrared and visible
light region.
Output resistance : The ratio of variation of collector emitter voltage
(Vcg) and corresponding change in collector current (AL-) when
base current in collector remains constant, is called output
chracteristic curve.

[ AVcg )
R v

I gp=constant
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66. Depletion layer is defined as the region around the p-n junction
which is devoid of any charge carriers.

Barrier potential is defined as the fictitious battery which seems to
be connected across the junction with its positive end on the n-type
and the negative end on the p-type.

67. Holes being majority carriers on p—side move to n—side in a p—n
junction and similarly electrons moving from n — p side constitute
diffusion current.

68. An amplifier is a device which produces an enlarged copy of input
signal.

69. An electrical transducer may be defined as a device that converts
some physical variable (pressure, displacement, force, termperature
etc) into corresponding variations in the electrical signal at its output

70. When low frequency message signal is superimposed on a high
frequency the process is called modulation.

Block diagram of a simple modular for obtaining an AM signal.

m(t) /;\ x () Square y (1) Band pass AM wave
A, sino,t _/ Law Device Filter —>
(Modulating T l Centred at o,
Signal) c(t)
A, sino t Bx(t) + Cx(t)z
(Carrier)

71. Space wave propagation : It is also known as line of sight propagation
(LOS). The radio wave transmitted by antenna directly reaches
the receiving antenna travelling along a straight line. TV waves
(80 MHz-200 MHz) propagate through space wave propagation.

72. Sky wave propagation : When radio wave propagates from one place
of earth to other after reflection by ionosphere.

73. Ground wave communication : Ground waves are the radio waves
whose frequencies ranged upto 1500 kHz that travel along the surface
of the Earth. The propagation of the wave is guided along the Earth’s
surface and follows the curvature of the Earth.

The propagation of high frequency wave is not possible through
ground waves for long distance communication because while



74.

78.

76.

PHYSICS

progressing, ground waves induce current in the ground and
bend round the corner of the objects on the Earth due to which
the energy of the ground waves of high frequency is almost
absorbed by the surface of the Earth after travelling a small
distance.

Detection of a modulated signal means obtaining the signal from the
modulated wave.

Modulation index : It is defined as the ratio of the amplitude of the
message signal to the amplitude of the carrier wave.

m

L A
Modulation index, p = e

C

For effective amplitude modulation, p is kept to avoid distortion

in the signal.

(i) Attenuation: is defined as the loss of strength of a signal while
propagating through a medium.

(i) Demodulation is the process of retrieval of information from

the carrier wave at the receiver end. It is the reverse process of
modulation.

oono
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CHAPTER 2

How will you identify/ differentiate between....?

(A) Electrostatics

1.
2.

7.

Differentiate between a dielectric and a conductor.  [Delhi 2012]

A metallic solid sphere is placed in a uniform electric field as shown
in figure. Which path is followed by the lines of force?

If an electron, moving with a finite velocity, enters a transverse
electric field, then which path will the electron be take? [Delhi2012C]
What is the geometrical shape of equipotential surfaces due to single
isolated charge? [Delhi 2013]
Distinguish between electric potential and potential energy.

The field lines of a negative point charge are as shown in the
figure. Does the kinetic energy of a small negative charge increase
or decrease in going from B to A? [All India 2015]

Explain the difference in the behaviour of a (i) conductor and (ii)
dielectric in the presence of external electric field. [Delhi 2015]



PHYSICS

What is the direction of field for positive and negative charge
densities ? [All India 2016]

A point charge +Q is placed at point O as shown in the figure. Is the
potential difference V , — Vi positive, negative or zero? [Delhi 2016]

O === TR

(B) Current Electricity

10.

11.

12.

13.

14.

Two wires of equal length, one of copper and the other of manganin
have the same resistance. Which wire is thicker? [All India2012]
V-1 graph for parallel and series combination of two metallic resistors
are as shown in the figure. Which graph shows parallel combination?.

vl

B

I—

V-I graph for a metallic wire at two different temperature T, and T, is
as shown in the following figure. Which of the two temperature is
higher?

Tl
o]
T2
vV—>
Distinguish between emf and terminal voltage of a cell.

[All India 2015]
Graph showing the variation of current versus voltage for a
material GaAs is shown in the figure. Identify the region of
() negative resistance

(i) where Ohm’s law is obeyed. [Delhi 2015]
% CrN\D
5 E
B
A

Voltage V. —
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15.

(©)
16.

17.

18.
19.

20.
21.
22,
23.
24,
25.
26.

217.
28.

29.

30.

Nichrome and copper wires of same length and same radius are
connected in series. Current I is passed through them. Which wire

gets heated up more? [All India 2017]
Magnetism
In what respect, is a toroid different from a solenoid?

[All India 2011]

Which one of the following will have minimum frequency of
revolution, when projected with the same velocity (v) perpendicular

to the magnetic field (B): (i) a -particle and (ii) B -particle?
Howdoes a voltmeter different from an ammeter?
The permeability of a magnetic material is 0.9983. Name the type of

magnetic material it represents. [Delhi 2011]
The susceptibility of a magnetic material is— 4.2 x 10~°. Name the
type of magnetic material it represents. [Delhi 2011]
The relative magnetic permeability of a magnetic material is 800.
Identify the nature of magnetic material. [Delhi 2012]
The susceptibility of a magnetic material is —2.6 x 10~>. Identify the
type of magnetic material. [Delhi 1012]
Which of the following substances are diamagnetic?

Bi, Al, No, Cu, Ca and Ni [Delhi 2013]
Where on the surface of Earth is the horizontal component of
Earth's magnetic field zero? [Delhi 2013C]
Which of the following substances are paramagnetic?

Bi, Al, Cu, Ca, Pband Ni [Delhi 2013]

Differentiate among diamagnetic, paramagnetic and ferromagnetic
substances.
What type of magnetic material is used in making permanent magnets?
In what way is Gauss’s law in magnetism different from that used
in electrostatics ? Explain briefly. [All India 2015]
In what way is the behaviour of a diamagnetic material different from
that of a paramagnetic, when kept in an external magnetic field

[All India 2016]
A neutron, an electron and an alpha particle moving with equal
velocities, enter a uniform magnetic field going into the plane ofthe
paper as shown. Trace their paths in the field and justify your answer.

[Delhi 2016]
a X X X X X X
X X X X X X
n—-»
X X X X X X
e——>
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(D) EMI, Alternating Current and EM Waves

31.
32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42,

43.

What is the difference between self induction and mutual induction?

Name the main component which changes a.c generator into d.c.
generator.

What is the phase difference between the voltage across the inductor
and capacitor in an a.c circuit? [Delhi 2008C]
Which of the following has the shortest wavelength?
Microwave, ultraviolet ray, X-ray. [All India 2010]
Which part of electromagnetic spectrum has largest penetrating
power? [Delhi 2010]
Which part of electromagnetic spectrum is absorbed from sunlight
by ozone layer? [Delhi 2010]
Which part of electromagnetic spectrum is used in radar system?
[Delhi 2010]
Name the electromagnetic radiation used to destroy cancer cells.
[Foreign 2010]
Name the electromagnetic radiations used for studying crystal
structure of solids.
Name the electromagnetic radiations used for viewing objects through
haze and fog.
Name the parts of the electromagnetic spectrum which is
(a) suitable for radar systems used in aircraft navigation
(b) used to treat muscular strain
(c) used as a diagnostic tool in medicine.
[Delhi 2015]
Identify the part of the electromagnetic specturm which is :
(a) suitable for radar system used in aircraft navigation.

(b) produced by bombarding a metal target by high speed electrons.
[All India 2016]

A lamp is connected in series with an inductor and an AC source.
What happens to the brightness of the lamp when the key is plugged
in and an iron rod is inserted inside the inductor ? [All India 2016]

Lam
L p
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45.

46.

(E)
47.

48.
49.

50.
51,

52.

Predict the polarity of the capacitor in the situation described below:
[All India 2011, 2017, Delhi 2011]

Identify the electromagnetic waves whose wavelengths vary as
(@ 1002m<A<108m

(b) 103m<A<10m [All India 2017]
A device 'X' is connected to an ac source V=V, sin ot. The variation
of voltage, current and power in one cycle is shown in the following
graph:

(@) Identify the device 'X'.
(b) Which ofthe curves A, B and C represent the voltage, current

and the power consumed in the circuit? [All India 2017]

Optics
How is the working of a telescope different from that of a microscope?
[Delhi 2012]

What is the difference between primary and secondary rainbow?
What is the difference between the virtual images formed by concave
mirror and convex mirror?
Differentiate between a ray and a wavefront. [Delhi 2009]
State briefly two features which can distinguish the characteristic
features of an interference pattern from those observed in the
diffraction pattern due to a single slit.

[Delhi 2009, All India 2011C, Delhi 2013C]
Two narrow slits are illuminated by a single monochromatic source.
Name the pattern obtained on the screen. One of the slits is now
completely covered, what is the name of the pattern obtained now
on the screen? [Delhi2011C]



53.

54.
5S.
56.

57.

58.

59.

60.

61.

PHYSICS

The given graph shows the variation of photoelectric current (I)
versus applied voltage (V) for two different photosensitive materials
and for two different intensities of the incident radiation. Identify
the pairs of curves that correspond to different materials but same
intensity of incident radiation. [Delhi 2013]

T
I

A

V—
Which material has highest work function?
Is there any difference between light waves and matter waves?
The line AB in the ray diagram represents a lens. State whether
the lens is convex or concave. [All India 2015]

Two monochromatic beams, one red and the other blue, have the
same intensity. In which case (i) the number of photons per unit
area per second is larger, (ii) the maximum kinetic energy of the
photoelectrons is more? Justify your answer. [All India 2015]
In the wave picture of light, intensity of light is determined by the
square of the amplitude of the wave. What determines the intensity
in the photon picture of light ? [All India 2016]
Compare the interference pattern observed in Young's double slit
experiment with single slit diffraction pattern, pointing out three

distinguishing features. [Delhi 2016]
State two differences between interference and diffraction patterns.
[All India 2017]

You are given the following three lenses. Which two lenses will
you use as an eyepiece and as an objective to construct an
astronomical telescope? [Delhi 2009, All India 2017]

GP_3166



62.

(F)
63.
64.
65.
66.
67.
(G)
68.

69.

70.

71.

72.

Lenses Power (D) | Aperture (cm)
L, 3 8
L, 6 1
L, 10 1
Name the phenomenon which shows the quantum nature of
electromagnetic radiation. [All India 2017]

Atoms and Nuclei

When electron in hydrogen atom jumps from energy state n,= 4 to

n,=3,2, 1. Identify the spectral series to which the emission lines

belong. [All India 2013]

What is the difference between Rutherford’s model and Bohr’s model

of an atom?

Which has greater ionising power, alpha or beta particle?

What is difference between e~ and p— particle?

Distinguish between nuclear fission and fusion.  [Delhi 2015]

Electronics and Communication Systems

Distinguish between an intrinsic semiconductor and P-type

semiconductor. [Delhi 2008]

Identify the logic gates marked 'P' and 'Q' in the given logic circuit.
[All India 2010, Delhi 2014]

Ae——]
Be Q X

The truth table of a logic gate has the form given here. Name this

gate and draw its logic symbol. [All India 2010C]
A B Y
0 0 1
0 1 0
1 0 0
1 1 0

Identify the logic gates marked P and Q in the given logic circuit.

Ao O
BX [All India 2010]

Name any semiconductor device which operates under the reverse
bias in the breakdown region. [All India 2011]
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73.

74.

75.

76.

71.

78.

79.

80.
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How is forward biasing different from reverse biasing in a p-x junction
diode? [Delhi 2011]
Identify the logic gates X and Y in the figure. ~ [All India 2011C]

X z
Be—oI

Carbon and silicon both have four valence electrons each then, how
are they distinguished? [Delhi 2011C]
Name the device, D which is used as a voltage regulator in the given circuit.

e

Fluctuating Constant
voltage D> % R, voltage

[Delhi2011C]
Write two characteristic feature to distinguish »-type and p-type
semiconductor. [All India 2012]
In the circuit shown in the figure, identify the equivalent gate of the
circuit and make its truth table. [ Delhi 2011, All India 2013]

T~
] »y

In the circuit shown in the figure, identify the equivalent gate of the
circuit. [All India 2013]

A— >o—
—{>o—

j HY' So—ev

Bl

Write any two distinguishing features between conductors,
semiconductors and insulators on the basis of energy band
diagrams. [All India 2014]
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81.

82.

83.

84.

8s.

86.

87.

88.

89.

90.

91.

Differentiate between three segments of a transistor on the basis of

their size and level of doping. [Delhi 2014]
Which property of a p—n junction is used in rectification of a.c.
voltages?

What is the difference between half wave rectifier and full wave
rectifier?
Distinguish between 'sky waves' and 'space waves' modes of
propagation in communication system.
[All India 2009, Delhi 2009C, 2013]
Which mode of propagation is used by short wave broadcast services
having frequency range from a few MHz upto 30 MHz?
[All India 2010]
Differentiate between an analog and digital signal.
What is the difference among amplitude, frequency and phase
modulation.
The figure given below shows the block diagram of a generalized
communication system. Identify the element labelled 'X'.
[Foreign 2011, Delhi 2014]

> > X » »(User
Information E_ Transmitter Receiver
Source | | TTTTTTTTTTTImmmmmmmmmmmmmmmmmmmmmmemt
Message Message
Signal Signal

Block diagram of a receiver is shown in the figure. Identify'X' and'Y'
[All India 2012, Delhi 2013]

Receiving
antenna

[ Amplifier X Detector
Received
signal
Output€¢— Y

Distinguish between ‘intrinsic’ and ‘extrinsic’ semiconductors.

[Delhi 2015]
In the following diagram, is the junction diode forward biased or
reverse biased? [All India 2017]
NN AN o
L1

+5V

il
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SOLUTIONS

s

Dielectrics are non-conductor and does not have free electrons at
all. While conductor has free electrons in its any volume which
makes it able to pass the electricity through it.

When a solid conducting sphere is placed in a uniform electric field

E , free electrons move in a direction opposite to E. Electric lines of
force starts from right part (i.e., negative region) and ends on left
part (i.e., positive region). So path 4 is correct.

If an electron, moving with a finite velocity v in the +x direction,

enters a transverse electric field E in the — y direction, as shown, it

has no acceleration in the x direction but an acceleration a in the +
y direction.

N
a

Ll

» (X, )

The displacements in the time t in the x and y directions are
X = vt

yzlatzzl(ﬁ)tzz E )
2 2\ m Imv2

which means that the path of electron is parabolic.

Spherical.

Electric potential at a point is the amount of workdone in moving
a unit positive charge from infinity to that point.

Potential energy is the amount of workdone in carrying the total
charge from infinity to that point against the electrostatic forces.
Since we know that a negative charge always experiences a force
in the direction opposite to that of the electric field present i.e.,
the negative charge will experience the force away from the centre.
This will cause its motion to retard while moving from B to A.
Hence, its kinetic energy will decrease in going from B to A.
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7.

10.

11.

12.

27

When a conductor is placed in an external electric field, the free
charges present inside the conductor redistribute themselves in
such a manner that the electric field due to induced charges
opposes the external field within the conductor. This happens
until a static situation is achieved i.e. when the two field cancel
with each other and net electrostatic field in the conductor

becomes zero.

The direction of an electric field for positive charge density is in
outward direction and perpendicular to the plane infinite sheet. And
for the negative charge density the direction of the field is in inward

direction and perpendicular to the sheet.

Electric potential at a distance r from the point charge

-

+Q

1 Q 0 A
- «—1,—>

V(r) =
© 4ngy 1

B

< Iy

1 Q

Potential at point A, V(ry )=
4meg 1y

1 o

4meg 1
o <Ig = Vo >Vp S VA=V >0

Similarly, potential at point B, V(rg) =

As we know, R=p£ or,pcA

»
'

Also we know that copper is better conductor than manganin

therefore copper will have less resistivity.

That means manganin wire will be thicker than that of copper.
R series > R parallel and slope of V-1 graph gives R.

Here (slope)g > (slope) ,

B denotes series combination and A denotes parallel

combination.

1
Slope of I-V graph = R and Rc T
Here, slope of T, <slope of T,
1 1
—<— =R,>R,
Ry R

The temperature of T, is higher.
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13.

Emf Terminal voltage

It 1s the maximum potential It 1s the potential difference
difference that can be delivered | across the terminals of the load
by a cell when no current flows | when current flows through

through the circuit. the circuit.

It is represented by It is represented by V and
E and remains dependson the internal
constant for a cell. resistance of the cell.

14. () In region DE of the graph semiconductor has a negative
resistance.
(i) Ohm’slaw is obeyed when V oc 1
15. Nichrome wire is heated more.
Heat dissipated in a wire is given by Joule’s heating law

H=1Ri =125
A
Hep (-1, ¢ and Aremains same)

AS pnwhrome > pco el -~ H nichrome >H copper

16. Solenoid is a hollow circular ring havmg large number of turns of
insulated copper wire on it.
There we can assume that toroid is a bent solenoid to close on itself.

17. Asweknow, v= Ba

2nm

Qo =29p and my =4mg

Yo _2_1
Vﬁ 4 2
\Y

-_B

Va >

o -particle will have minimum frequency of revolution.
18. Difference between voltmeter and ammeter :
(i) Voltmeter has high resistance whereas ammeter has low
resistance.
(i) Voltmeter is connected in parallel, ammeter is connected in series
in a circuit.
19. The magnetic material is a diamagnetic substance because for
diamagnetic p, <1.
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28.

29.

30.

Negative susceptibility represents diamagnetic substance.
Ferromagnetic substances have very high magnetic permeability.
Diamagnetic materials have negative susceptibility.

Biand Cu

At magnetic poles.
Aland Ca
Diamagnetic Paramagnetic Ferromagnetic
-1<x<0 0< y< ¢ x>1
0=u<1 u<l+eg u >>1
u< i n> p u>> i,

Ferromagnetic materials e.g., steel is used to make permanent
magnets.

Gauss’s law for magnetism states that net magnetic flux ¢ g through
any closed surface is zero.

b5 =¢Bds=0
On the other hand, Gauss’s law for electrostatics states that
electric flux through a closed surface S is given by

T7._4

o5 = pEds .
So, if an electric dipole is enclosed by surface, electric flux will be
zero. But in magnetism there is no counterpart of isolated charge
as in electricity. So, we can say that isolated magnetic poles or
monopoles do not exist.
When a diamagnetic material is placed in an external magnetic field,
the field lines are repelled or expelled and the field inside the material
is reduced.

\_‘>__,_/

| —
Diamagnetic material in Paramagnetic material in
external magnetic field. external magneitc field

Whereas when a paramagnetic material is placed in an external

magnetic field, the field lines are attracted towards it. Thus the field
lines get concentrated inside the material and the field inside is
enhanced.

We know that a charged particle will experience a force when it
enters a magnetic field. This force is balanced by centripetel force.

The magnetic field will move the charged particle in a circular path,

as the force is perpendicular to the velocity of particle. The radius of
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31.

32.

33.
34.
35.
36.
37.
38.
39.
40.
41.

42.
43.

PHYSICS
the circular path will be given by P
Vi N,
2 4 - X \‘\ "
myv x K o \ 2 X
=Bqv a——|
5\;\ b4 - f! # x
As B and v are constant, we can write A I
m _ X '3‘—:')‘ X x
Foc— n - Ll
q x x X X x

The neutron will move along the ZEN RIS
straight line since neutron has no e—‘“Q " }X x  x
charge.

x X x X X

The electron will inscribe a circle of radius smaller than that of the o

particle becayse the mass to charge ratio of the o particle is more

than that of the electron.

So, the a particle will move in the clockwise direction and the electron

will move in anticlockwise direction according to the right-hand rule.

Self induction: It is the property of a coil due to which the coil

opposes any change in the strength of current flowing through it by

inducing an e.m.f. in itself.

Mutual induction: It is the property of two coils due to which each

opposes any change in the strength of current flowing through the

other by developing an induced e.m.f.

Slip ring arrangement in an a.c generator is replaced by split ring

arrangement in the d.c generator.

The phase difference is 180°.

X-ray has shortest wavelength.

y-rays have highest penetrating power.

Ultraviolet rays.

Microwaves

y-ray. Frequency range = 1018 to 1020 Hz.

X-rays

Infrared rays.

(@) Microwaves are used in RADAR system for aircraft navigation.
These are Produced by special vacuum tubes, namely
Klystrons, magnetrons.

(b) Infrared waves are used to treat muscular strain. These are
produced by hot bodies and molecules.

(c) X rays are used as a diagnostic tool in medicine. These rays
are produced when high energy electrons are stopped
suddenly on a metal of high atomic mass.

(a) Microwaves (b) X-rays

Ifan iron rod is inserted in the inductor, then the value of inductance

L increases. As such, the current through the bulb will decrease,

thus, decreasing the brightness of the bulb.
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44.

45.

46.

47.

48.

49.

50.

Polarity of capacitor Plate A will be positive with respect to Plate B.
According to Lenz law, Plate A of the capacitor is at a higher potential
than Plate B.
(a) X-rays: Use-In medical diagnosis to detect fracture in bones,
stones in kidney etc.
(b) Microwaves: Use-In microwave oven.
(a) Thedevice ‘X’ is a capacitor.
(b) Curve A: Power consumed in the circuit
Curve B : Voltage
Curve C: Current
This is because current leads voltage in a capacitive circuit.

Characteristics | Telescope Microscope

1. |Position of [At infinity |Near objective at a distance
object lying between f, and 2f,

2. |Position of [Focal plane |Beyond 2f, where f, is the focal
image of objective (length of objective.

Primary rainbow:- It is formed due to two refractions and one total
internal reflection of the light incident on the droplet. Sunlight is
first refracted as it enters a raindrop which cause different colours of
light to separate. Different colours of light are bent through different
angles. These components of light strike the inner surface of the
water drop and get internally reflected.

The reflected light is refracted again as it comes out of the drop.
Thus the observer sees a rainbow with red colour on the top and
violet on the bottom.

Secondary rainbow:- It is formed due to two refractions and two
total internal reflection of light incident on the water droplet. It is
four - step process. The intensity of light is reduced at the second
reflection and hence the secondary rainbow is fainter than the pri-
mary rainbow.

The virtual image formed by a concave mirror is magnified while that
formed by a convex mirror is diminished.

A wavefront is defined as a surface of constant phase.

A ray is perpendicular to the wavefront. The energy of the wave
travels in a direction perpendicular to the wavefront i.e. along rays
oflight.
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51.

52.

53.

54.
55.

56.

57.

58.

59.
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Characteristics | Interference Diffraction

Fringe width All bright The central bright fringe have got
and dark double width to that of width of
fringes are of |secondary maxima or minima.
equal width

Intensity of All bright Central fringe is the brightest and
bright fringes  [fringes are of |intensity of secondary maxima,
same decreases with the increase of
intensity order of secondary maxima on
either side of control maxima.

When two narrow slits are illuminated by a single monochromatic
source, the pattern obtained on the screen is interference pattern
which consists of alternate bright and dark fringes.

When one of the slits is covered, there is a diffraction pattern on the

screen.

The pairs of curves (1 and 3) and (2 and 4) represent different

materials because stopping potential is different for different

materials.

Platinum has highest work function=15.65¢eV

Yes, velocity of light waves in vacuum is constant but velocity of

matter waves depends on its wavelength.

As the rays converging towards a point P so, the lens is convex

in nature.

() Number of photons per unit per second in both the beams
is same as they have the same intensity.

(i) The maximum kinetic energy of photoelectrons is given by
E=hc/A-¢

We know that the wavelength of blue beam is less than that of

red beam. So, we can say that the maximum kinetic energy of the

photoelectrons of the blue beam will be more.
In photon picture of light, the intensity of light is determined by the
number of photons.

On comparing the interference pattern observed in Young's double

slit experiment (interference) with single-slit diffraction pattern

(diffraction), we can have three distinguishing features:

1. Inthe interference pattern, all the bright fringes have the same
intensity. In a diffraction pattern, all the bright fringes are not of
the same intensity.

2. In the interference pattern, the dark fringe has zero or very
small intensity so that the bright and dark fringes can easily be
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distinguished. In diffraction pattern, all the dark fringes are not
of zero intensity.

3. In the interference pattern, the widths of all the fringes are
almost the same, whereas in diffraction pattern, the fringes are
of different widths.

60. Difference between interference pattern and diffraction pattern.

Interference Diffraction

It is due to the superposition | It is due to the superposition

of two waves coming from | of secondary wavelets
o colicretit SoTrees. originating from different

parts of the same wavefront.

Width of the interference Width of diffraction bands
bands is equal. is not the same.

61. (b) LensL, - Objective; Lens L, — Eye-piece
Lens L, hashigher aperture of 8 cm. So, it can gather more light
and will have high resolving power. Hence, L, should be used
asthe objective lens. Lens L; has high power of 10 D. So, it will
give higher magnification. Hence, lens L, should be used as an
eye-piece.
62. Photoelectric effect shows the quantum nature of electromagnetic
radiation.
63. Spectral series when the transition of the electron takes place
from
n; =4 tong= 3 — Paschen series
n; =4 ton,= 2 — Balmer series
n;=4tong=1— Lyman series
64. According to Rutherford’s model, the electrons revolve around the
nucleus in any orbit and radiate waves of all frequencies, so the
spectrum is continuous.
On the other hand in Bohr’s model, the electrons revolve around the
nucleus in some definite orbits and emit only waves of some definite
frequencies and so they give line spectrum.
65. Alpha particle

66. They are same. An electron of nuclear orgin is called  —particle.
67.

Nuclear Fission Nuclear Fusion
1. Heavy nucleus get split up into [ 1. Two lighter nuclei fuse
two smaller nucleus of together to forma heavier
comparable mass. nucleus.

2. The physical conditions viz. 2. The conditions of high
high temperature and pressure are|pressure and temperature are
not essential for fission. essential for nuclear fusion.
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An intrinsic semiconductor is a pure semiconductor in which the
number of free electrons is equal to the number of holes.

ie, n,=np=n;

P-type semiconductor is an extrinsic semiconductor doped with
trivalent impurity like Indium. The number of holes is greater than
the number of electrons, i.e. n, >>n,.

A pure Si or Ge crystal is electrically neutral.

In the given combination of gates,

P—-NAND gate.

Q- OR gate.

Logic gate is NOR gate.

A
Logic Symbol B Y

P:NOT gateand Q : OR gate.
Zener diode is a semiconductor divice which operates under the
reverse bias in the breakdown region.

S.N. Forward bias Reverse bias

1. |Positive terminal of Positive terminal of battery is
battery is connected to [connected to n-type and negative
p-type and negative  [terminal to p-type semiconductor.
terminal to n-type
semiconductor.

2. |Depletion layer is very [Depletion layer is thick.

thin.
3. |p-njunction offers p-n junction offers very high
very lowresistance.  [resistance.
4. |Anidealdiode have |An ideal diode have infinite
Zero resistance. resistance.
X : AND gate

Y : NOR gate i.e. A combination of OR and NOT gate.

The four valence electrons of carbon are present in second orbit

while that of silicon in third orbit. So, energy required to extricate an

electron from silicon is much smaller than carbon. Therefore, the

number of free electrons for conduction in silicon is significant on

contrary of carbon. This makes silicon conductivity much higher

than carbon. This is the main distinguishable property.

Device, D is a Zener diode.

(i) In n-type semiconductor, the semiconductor is doped with
pentavalent impurity. In it, the electrons are majority carriers
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and holes are minority carriers or n, >>ny, (n, = number
density of electrons, n;, = number density of holes)

(i) In p-type semiconductor, the semiconductor is doped with
trivalent impurity. In this semiconductor, the holes are the
majority carriers and electrons are the minority carriers, i.e.,

ny >>n,.

78. The given circuit is a combination of three NAND gates. The first

79.

80.

two gates for the inputs A and B are NOT gates and third gates
serves as a NAND gate for the inputes A and B.

Y=A B=A+B=A+B
Hence, the three gates together form 'OR' gate.
The truth table ofthe 'OR' gate is

A|B|Y=A+B
010 0
011 1
10 1
11 1

The inputs A and B are negated by the NOT gates. The outputs A'
and B' are the inputs for the OR gate whose output has been
negated to give Y.

Do

B

1.e., the equivalent gate of the circuit is an AND gate. Its truth
table is as follows :

A|B|A'|B'|[Y'=A+B'|[Y=Y'
0jof1]1 1 0
0j1]11]0 1 0
1|1ofo]1 1 0
1111010 0 1

Conductors: (i) In conductors, the valence band is completely filled
and the conduction band is either partially filled with an extremely
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small energy gap between the valence and conduction bands or
empty, with the two bands overlapping each other.

Conduction Band 1
Ec
AEg @
Valence Band Ev %
=
S
B
, 3
Conduction Band | Overlapping | @
Valence Band e
(i1) On applying an even small electric field, conductors can conduct

electricity.

Semiconductors: (i) In semiconductors the energy band structure
is similar to that of insulators, but in this case, the size of forbidden
energy gap is much smaller than that of the insulators, as shown.

Conduction Band

E, |8

Q

AE,| &

LE, | E

Q

Valence Band 5

(ii)) When an electric field is applied to a semiconductor, the
electrons in the valence band find it comparatively easier to shift to
the conduction band. So, the conductivity of semiconductors lies
between the conductivity of conductors and insulators.
Insulators: (i) In insulators, the energy gap between the conduction
and valence band is very large. Also, the conduction band is
practically empty.

S
rd

Conduction Band

Q

AE_| &

&l ¢

y E, | E

Q

Valence Band é"

(ii) When an electric field is applied across such a solid, the
electrons find it difficult to acquire such a large amount of energy
to reach the conduction band. Thus, the conduction band continues
to be empty. That is why no current flows through insulators.
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81.

82.

83.

84.

85.

86.

e— nipln —e .E p

Emitter (E) - It is the left hand side thick layer of the transistor,
which is heavily doped.
Base (B) - It is the central thin layer of the transistor, which is lightly
doped.
Collector (C) - It is the right hand side thick layer of the transistor,
which is moderately doped.
Structure: (i) Emitter (E), (ii) Base (B), (iii) Collector (C)

Emitter size > base

Collector size > emitter

- C>E>B (size wise)

Doping wise E>C >B.
Representation:

C E C

vl I

p —

Ly Is

n-p-n type p-n-p type

The forward bias resistance is low as compared to reverse bias

resistance. This property is used in rectification.

Half wave rectifier: Junction diode allows current to pass through only

if it is forward biased, hence a pulsating voltage will appear across the

load only during positive halfcycles when diode is forward bias.

Full wave rectifier: The circuit uses two diodes connected to the

ends of a centre tapped transformer. The voltage rectified by the two

diodes is half of the secondary voltage i.e., each diode conducts for
half cycle of input but alternately so that net output across load
comes as half sinusoids with positive values only.

(i) Inthe sky wave propagation, the waves transmitted from the
transmiting antenna are received by the receiving antenna after
reflection from the ionosphere of the atmosphere.

In the space wave propagation mode, the electromagnetic waves
are directly intercepted by the receiving antenna.

(i) The sky wave mode of propagation is limited to 40 MHz. This is
because the waves of this and higher frequencies are not
reflected by the atmosphere but are transmitted. The critical
frequency for sky wave mode of propagation is 40 MHz.

Sky wave propagation is used to short wave broadcast services

having frequency range from a few MHz upto 30 MHz.

Analog signals are continuous variations of voltage or current. They

are essentially single valued functions of time e.g., sine wave, sound

and picture signals.
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Digital signals are those which can take only discrete stepwise
values. They follow binary system of coding (0 — low voltage 1 »

PHYSICS

high voltage) e.g., Computer signals.

Amplitude modulation : In this mode of modulation, the amptitude
of the carrier wave signal varies in according with the modulating

signal (message or indormation signal).

Frequency modulation : In this mode of modulation, frequency of
the carrier signal varies in accordance with the modulating signal.
Phase modulation : Here the phase angle ¢ of the carrier signal var-

ies in accordance with the modulating voltage.

The element labelled X' is called 'channel'.
(@) XisanLF. stageandY isan amplifier.

Intrinsic Semiconductor

Extrinsic Semiconductor

87.
88.
89.
90.
S.no
1

It is pure semiconducting
material and no impurity
atoms are added to it.

It is prepared by doping a small
quantity of impurity atoms to
the pure semiconducting
material.

Examples are crystalline
forms of pure silicon and
germanium.

Examples are silicon and
germanium crystals with
impurity atoms of arsenic,
antimony, phosphorous etc. or
indium, boron, aluminium etc.

The number of free
electrons in conduction
band and the number of
holes in valence band is
exactly equal and very small
indeed.

The number of free electrons
and holes is never equal. There
is excess of electrons in n-type
semiconductors and excess of
holes in p-type
semiconductors.

Its electrical conductivity is
low.

Its electrical conductivity is
high.

Its electrical conductivity is
a function of temperature
alone.

Its electrical conductivity
depends upon the temperature
as well as on the quantity of
impurity atoms doped in the
structure.

91. Reverse biased as P-crystal of the diode is earthed i.e., at lower

potential and N-crystal is at higher potential (5V)

oono
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CHAPTER 3

Why does the following phenomenon
happen (reason).....7

(A) Electrostatics

1.

10.

Can two equipotential surfaces intersect each other ? Give reason.
[Delhi 2009]
A parallel plate capacitor is charged to a potential difference, V by a
DC source. The capacitor is then disconnected from the source. If
the distance between the plates is doubled, state with reason how
the following will change?
(i) Electric field between the plates.
(i) Capacitance.
(iii) Energy stored in the capacitor. [Delhi 2010]
The electric field due to a charged parallel plate capacitor affected
when a dielectric slab is inserted between the plates fully occupying
the intervening region. Why? [Foreign 2010]
Why most electrostatic field be normal to the surface at every point
of a charged conductor? [Delhi 2012]
Why there is no work done in moving a charge from one point to
another on an equipotential surface? [Foreign2012]
Equipotential surfaces are perpendicular to field lines. Why?
Why is the potential inside a hollow spherical charged conductor is
constant and has the same value as on its surface? [Foreign 2012]
Why do the electrostatic field lines not form closed loops?
[Delhi 2012, All India 2014]
An electrostatic field line is a continuous curve. That is, a field line
cannot have sudden breaks. Why ?
Why do the electric field lines never cross each other?
[All India 2014]



11.

12.

13.

14.
15.

(B)
16.

17.

18.

19.

20.

21.

22.

(©
23.

24.

25.

PHYSICS

When a glass rod is rubbed with a silk cloth, charges appear on
both. A similar phenomenon is observed with many other pairs of
bodies. Explain how this observation is consistent with the law of
conservation of charge.

Two spherical conductors A and B of radiir, and ry (r, > 1p) are
given equal amounts of charge. In which direction will the charge
flow when these spheres are brought in contact?

Give reason for your answer.

“The outward electric flux due to charge + Q is independent of the
shape and size of the surface which encloses it.” Give two reasons
to justify this statement. [All India 2015]

Why the equipotential surfaces about a single charge are not
equidistant ?

Can electric field exist tangential to an equipotential surface ? Give
reason. [All India 2016]

Current Electricity
The emf of a cell is always greater than its terminal voltage. Why?
[All India 2013C, Delhi 2013]
Why are the connections between the resistors in a meter bridge
made of thick copper strips? [All India 2014]
Why is it generally preferred to obtain the balance point in the
middle of the meter bridge wire? [All India 2014]
Which material is used for the meter bridge wire and why?
[All India 2014].
Two spherical bobs, one metallic and the other of glass, of the same
size are allowed to fall freely from the same height above the ground.
Which of the two would reach earlier and why? [Delhi 2014]
Why is a potentiometer preferred over a voltmeter for measurirg
the emf of a cell? [All India 2015]
Why alloys like constantan and manganin are used for making
standard resistors? [Delhi 2016]
Magnetism
Increasing the current sensitivity of a galvanometer may not
necessarily increase its voltage sensitivity. Explain, giving reason.
[All India 2009, 2014]
Magnetic field lines can be entirely confined within the core of a
toroid, but not within a straight solenoid. Why ? [Delhi 2009]
Write two reasons why a galvanometer cannot be used as such to
measure the current in a given circuit. [Delhi 2010]
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26.

27.

28.

29.

30.

31.

32.
33.

34.

35.

36.
37.

38.

39.

An a-particle and a proton are released from the centre of the cyclo-
tron and made to accelerate.
(i) Can both be accelerated at the same cyclotron frequency?
Give reason to justify your answer.
(i) When they are accelerated in turn, which of the two will have
higher velocity at the exit slit of the dees?

[Delhi 2012, All India 2013]
Is the steady electric current the only source of magnetic field?
Justify your answer. [Delhi 2013C]
No force is experienced by a stationary charge in a magnetic field.
Why?
For converting a galvanometer into an ammeter, a shunt resistance
of small value is used in parallel, whereas in the case of a voltmeter
a resistance of large value is used in series. Explain why?

[Delhi 2013C]

Explain why two straight parallel current carrying conductors carrying
current in same direction attract and carrying current in opposite
direction repel each other.
A light metal disc on the top of an electromagnet is thrown up as the
current is switched on. Why? Give reason. [All India 2013]
Why is core of an electromagnet made of ferromagnetic materials?
Whe do magnetic lines of force prefer to pass through ferromagnetic
substances than through air?
A vertical metallic pole falls down through the plane of the magnetic
meridian. Will any e.m.f. be produced between its ends? Give reason
for your answer.
A metallic rod held horizontally along east-west direction, is allowed
to fall under gravity. Will there be an emfiinduced at its ends? Justify
your answer. [Delhi2013]
No two magnetic lines of force intersect each other. Explain.
The motion of copper plate is damped when it is allowed to oscillate
between the two poles of a magnet. What is the cause of this
damping? [All India 2013]
A bar magnet falls from a height ‘h’ through a metal ring. Will its
acceleration be equal to g? Give reason for your answer.
Why is it necessary to introduce a cylindrical soft iron core inside
the coil of a galvanometer? [All India 2014]
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(D)
40.

41.

42.

43.
44.

45.

PHYSICS

EMI, Alternating Current and EM Waves

Why should the quality factor have high value receiving circuits ?
[Delhi 2009]

A coil, Q is connected to low voltage bulb B and placed near another

coil, P as shown in the figure. Give reasons to explain the following
observations.

(1) Thebulb, Blights.
(i) Bulbgets dimmer ifthe coil, Q is moved towards left.
[Delhi 2010]

AC source

®

<« Q P

Three electrical circuits having AC sources of variable frequency
are shown in the figures. Initially, the current flowing in each of
these is same. Ifthe frequency of the applied AC source is increased,
how will the current flowing in these circuits be affected? Give the

reason for your answer. [Delhi 2011C]
R L C
AW [
S R )
p - \ p g
L E E

Why is the core of transformer laminated? [Delhi 2013C]
In electric power transmission circuit, a low power factor results in
large power loss in transmission. Give the reason.

Why is the use of A.C. voltage preferred over D.C. voltage ? Give
two reasons. [All India 2014]
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46.
47.

48.

49.

50.

S1.

52.

(E)
53.

54.
5S.

56.

57.

58.

59.

Why cannot we have resonance in a RL or RC circuit?

Why is choke coil needed in the use of fluorescent tubes with ac
mains? [Delhi 2014]

Why are infrared waves often called as heat waves?
[Delhi 2014]

Why is the amount of the momentum transferred by the em waves
incident on the surface so small ? [Delhi 2014]

An em wave exerts pressure on the surface on which it is incident.
Justify. [Delhi 2014]

An inductor L of inductance X is connected in series with a bulb
B and an ac source. How would brightness of the bulb change
when (i) number of turn in the inductor is reduced, (ii) an iron rod
is inserted in the inductor and (iii) a capacitor of reactance X =
X, is inserted in series in the circuit. Justify your answer in each

case. [Delhi 2015]
Why are microwaves considered suitable for radar systems used in
aircraft navigation? [Delhi 2016]
Optics

Why must both the objective and the eyepiece of a compound
microscope have short focal lengths? [Delhi 2009, All India 2010]
Why does the sky appear blue? [Foreign 2010]
Out of blue and red light which is deviated more by a prism? Give
reason. [Delhi 2010]
When monochromatic light travels form a rarer to a denser medium,
explain the following, giving reasons : [Delhi2013]
(1) Is the frequency of reflected and refracted light same as the
frequency of incident light?

(i) Does the decrease in speed imply a reduction in the energy
carried by light wave?

Vehicles moving in foggy weather use yellow - colour head light.
Why?

When a monochromatic light is incident on a surface separating
two media, the reflected and refracted light both have the same
frequency. Explain why? [Delhi 2013C]
Why does light usually appear to travel in a straight line inspite of
its wave nature?
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60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

PHYSICS

A biconvex lens made of a transparent material of refractive index
1.25 isimmersed in water of refractive index 1.33. Will the lens behave
as a converging or a diverging lens? Give reason. [All India 2014]
Welders wear special glass goggles while working. Why? Explain.
[Delhi 2014]
State the reasons, why two independent sources of light cannot be
considered as coherent sources? [Delhi 2008]
In a single slit diffraction experiment, when a tiny circular obstacle is
placed in the path of light from a distant source, a bright spot is seen
at the centre of the shadow of the obstacle. why ?
[Delhi 2009, All India 2010, 2013C]
Explain the following giving reason for each.
() Howdoes a polaroid work to produce a linearly polarized light
from an unpolarized beam of light?
(i) Why does the light waves can be polarized but sound wave
cannot be?
(i) Why are sun goggles made of polaroids preferred over those
using coloured glasses? [Delhi 2011C]
In what way is diffraction from each slit related to the interference
pattern in a double slit experiment? [Delhi 2013, All India 2013C]
Which of the following waves can be polarized (i) Heat waves;
(i1) Sound waves? Give reason to support your answer. [Delhi 2013]
Why is the intensity maximum at the central maximum on the
diffraction pattern?
'"Two independent monochromatic sources of light cannot produce
a sustained interference pattern'. Give reason. [Delhi 2014]
An electron and a proton are accelerated through the same
potential. Which one of the two has (i) greater value of de-Broglie
wavelength associated with it and (ii) less momentum? Justify
your answer.
Two monochromatic radiations, blue and violet, of the same intensity,
are incident on a photosensitive surface and cause photoelectric
emission. Would (i) the number of electrons emitted per second and
(i1) the maximum kinetic energy of the electrons, be equal in the two
cases? [Delhi 2010]
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71.

72.

73.

74.

75.

76.

71.

78.

79.

80.
81.

82.

83.

84.

(F)

8s.

Explain briefly the reasons why wave theory of light is not able to
explain the observed features in photoelectric effect? [Foreign2010]
Why is minimum or threshold frequency different for different
materials? [Delhi2011C]

An electron and a proton have the same kinetic energy. Which of
the two will have larger de-Broglie wavelength? Give reason.

[All India 2011C, 2012]
Why photoelectric effect cannot be explain on the basis of wave
nature of light? Give reasons. [Delhi 2013]

An increase in intensity of incident light doesn’t change the maximum
velocity of the emitted photo electron. Why?

A proton and a deuteron are accelerated through the same
accelerating potential. Which one of the two has [Delhi 2014]
(a) greater value of de-Broglie wavelength associated with it, and
(b) less momentum?

Give reasons to justify your answer.

Give two reasons to explain why reflecting telescopes are preferred
over refracting type. [All India 2015]
Why does an unpolarised light incident on a polaroid get linearly
polarised ? [All India 2015]

Explain why the maxima at 6 = (n+%)& become weaker and
a

weaker with increasing n? [Delhi 2015
Why does sun appear red at sunrise and sunset ? [All India 2016]
When monochromatic light is incident on a surface separating two
media, the reflected and refracted light both have the same frequency
as the incident frequency. Why? [All India 2016]
The value of Brewster angle for a transparent medium is different for
light of different colours. Give reason. [Delhi 2016]
Using mirror formula, explain why does a convex mirror always
produce a virtual image. [Delhi 2016]
How does the angle of minimum deviation of a glass prism vary, if
the incident violet light is replaced by red light? Give reason.

[All India 2017]
Atoms and Nuclei

Explain, in brief, why Rutherford’s model cannot account for the
stability of an atom? [Delhi 2010C]



86.

87.

88.

89.

90.

91.

PHYSICS

Why does mass of nucleus does not enter the formula of impact
parameter but charge does?
In heavy nuclei, number of neutrons is more than number of protons,
why?
Answer the following, giving reasons
(1) Why is the binding energy per nucleon found to be constant
for nuclei in the range of mass number (4) lying between 30 and
170?
(i) In B-decay the experimental detection of neutrinos (or
antineutrinos) is found to be exactly difficult. Why?
[Foreign 2012]
Why is energy variations of the electron emitted in p—decay
continuous?
For scattering of a-particles we don’t take into account electrons.
Why?
Why is it found experimentally difficult to detect neutrinos in
nuclear-decay? [All India 2014]

(G) Electronics and Communication Systems

92.

93.

9.

95.

96.

97.
98.
99.

Give reason, why, a P-type semiconductor crystal is electrically
neutral, although n,>>n ? [Delhi 2008]
Why are Si and GaAs preferred materials for solar cells?

[All India 2011C]
Why is the current under reverse bias almost independent of the
applied potential up to a critical voltage? [All India 2012C]

The current in the forward bias is known to be more (~m4) than

the current in the reverse bias (~ pA) . What is the reason, to operate

the photodiode in reverse bias? [Delhi2012]
Why does the reverse current show a sudden increase at the critical
voltage? [Delhi 2012]

Why is photodiode used in reverse biased? [All India 2013C]
Why current is high in forward bias of p—n junction?

In the given circuit diagram, a voltmeter 'V' is connected across a
lamp'L'. How would (i) the brightness of the lamp and (i1) voltmeter
reading 'V' be affected, if the value of resistance 'R’ is decreased?
Justify your answer. [Delhi2013]
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100.

101.

102.

103.

104.

105.

106.

107.

108.

109.

110.

Why do we say that an intrinsic semiconductor is like an insulator

at0K?

Why is the base region of a transistor thin and lightly doped?
[Delhi 2013C]

Why are high frequency carrier waves used for transmission?

[Delhi 2009]
Why is transmission of signals using ground waves restricted to
frequencies less than 1500 kHz.?

State the main reasons explaining the need of modulation for
transmission of audio signals. [All India 2010]
Why is there an upper limit to frequency of waves used in sky wave
mode? [All India 2010]
Why is sky wave mode of propagation restricted to the frequencies
only upto few MHz? [All India 2011, Delhi 2013]
Give reasons for the following.

(1) For ground wave transmission, size of antenna (/) should be
comparable to wavelength (1) of signal, i.e., ] =) /4.

(i) Audio signals, converted into an electromagnetic wave, are
not directly transmitted.

(iii) The amplitude of a modulating signal is kept less than the
amplitude of carrier wave. [Delhi 2011C]
Why is slight shaking of a picture of a T. V. screen noticed when a
low flying aircraft passes overhead?

Thin ozone layer on top of stratosphere is crucial for human
survival. Why ? [Delhi 2014]
With what considerations in view, a photodiode is fabricated?
Eventhough the current in the forward bias is known to be more
than in the reverse bias, yet the photodiode works in reverse bias.
What is the reason? [Delhi 2015]



PHYSICS

SOLUTIONS

No, two equipotential surfaces cannot intersect each other because
at the point of intersection there would be two directions of electric
field, which is not possible.

After disconnection from battery and doubling the separation
between two plates.

(1) Charge on capacitor remains same.

0=0

. C\»

e, cyv=Cv =>CV= 3 Vioy =21
- Electric field between the plates

gV ¥ gV g

d 2d° d

Therefore, Electric field between the two plates remains same.
(i) Capacitance reduces to half of original value as

1 80A C
Cel _ cr=204_C
7 = 2d 2

(iii) Now, energy stored in capacitor after disconnection from battery

2
q
T N (ah

2 2
q q
U,=2| 4L |=2u wU=4

Energy stored in capacitor gets doubled to its initial value.
The total charge of the capacitor remain conserved and the
capacitance of capacitor increases to K times of original values on
introduction of dielectric slab.

cv=Ccv’
V
— N /A
CV=(KC)W", V'=—

.. Newelectric field
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10.

11.

5 (L ()
d d d)K

p=£
K

The electric lines of force exert lateral pressure on each other, leads
to repulsion between like charges. Thus in order to stable spacing,
the lines are normal to the surface.

On an equipotential surface, the potential remains constant and thus
potential difference (AV) is zero. The work done on a charge q is
given as, W=gAV

Now,W=0 [ AV=0]

On an equipotential surface, no work is done in moving a charge
from one point to another. Therefore, the component of electric field
intensity along the equipotential surface is zero. So equipotential
surfaces are perpendicular to field lines.

Electric field inside the shell is zero. So, no work is done in moving a
charge inside the shell. This implies that potential is constant and
therefore equal to its value at the surface i.e.,

y-—1 4
dmey r

It electrostatic field lines form a closed loop, then work done by
electric force should be zero in closed loop but we do not find any
zero value. Hence, electric field lines do not form any closed loop.

They start from a positive charge and end at a negative charge.
They are continuous, because force is continuous. They do not
have sudden breaks, otherwise a moving test charge will have to
take jumps.

If the electric field lines do not cross each other, the tangent to
aline of electric field at any point gives the direction of the electric
field at that point. If any two lines of electric field cross each other,
then at the intersection point, there would be two tangents and
hence two directions for electric field, which is not possible.
Charge is neither created nor destroyed. It is merely transferred from
one body to another. Electrons are transferred from glass to silk,
so glass has positive charge and silk has negative charge.



12.

13.

14.

15.

16.

17.

18.

19.

20.

PHYSICS

Ast,>15 = V,<Vj [ V=E]
r
Charge will flow from B to A. Charges flow from higher potential
to lower potential.

The outward electric flux due to charge +Q is independent of the

shape and size of the surface, which encloses it because :

(1) Number of electric field lines coming out from a closed
surface enclosing the charge depends on the charge enclosed
by the surface,

(i) Number of electric field lines coming out from a closed
surface enclosing the charge is independent of the position
of the charge inside the closed surface.

As electric field due to a single change is not constant so equipotential
surfaces about a single charge are not equidistant

No, if the electric field exists along tangential to an equipotential

surface, a charged particle will experience a force along the tangential

line and can move along it. As a charged particle can move only due
to the potential difference (along the direction of change of potential),
this contradicts the concept of an equipotential surface.

Every cell has a characteristic emf E and some internal resistance.

When the cell is in a closed circuit, a current flows through the cell.

As a result some potential drop takes place inside the cell. The

terminal voltage V=E—ir, clearly, V <E.

The resistivity of a copper wire is very low, and when the

connections are thick, so that the area is quite large and hence the

resistance of the wires is almost negligible.

To improve the sensitivity of the meter bridge, the balance point is

obtain in the middle of the meter bridge.

Constantan is used for meter bridge wire because the temperature

coefficient of constantan 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.

Glass bob is non-conducting in nature. Due to the non-conducting

nature of the glass bob, it will only experience the Earth's

gravitational pull. So, the glass bob will reach the ground earlier.

While a metallic bob is conducting in nature. So, eddy current is

induced in the metallic bob as it falls through the magnetic field of
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21.

22.

23.

24.

25.

26.

the Earth. By Lenz's law, the current induced is such that it opposes
the motion of the metallic bob. So, the metallic bob will experience a
force in the upward direction. This will slow down the metallic bob
by some extent. Hence, it will reach the Earth after the glass bob.
Potentiometer is preferred over voltmeter because it measures
accurate emfof'the cell. It uses null method, so no current is drawn
by the galvanometer from the cell in balanced condition of
potentiometer and a voltmeter measures the voltage across the
terminals of a cell when the cell is in closed circuit. This voltage is
called terminal voltage of a cell not emf.

Alloys like constantan and manganin are used for making standard
resistors because

(a) theyhave high value of resistivity and low value of conductivity
(b) temperature cofficient of resistance is less.

On increasing the current sensitivity, voltage sensitivity may or
may not increase because of similar changes in the resistance of the
coil, which may also increase due to increase in temperature.

The current sensitivity of a moving coil galvanometer is given by
nBAKk,

where n is the number of turns , A is the area of the coil , B is the
magnetic field strength of the poles and k is the spring's constant of
the suspension wire.

. e nBAk
Similarly, voltage sensitivity is given by R
where R is the resistance ofthe wire.
From the above two expressions, we get:
Voltage sensitivity = Current sensitivity/R
There exists a weak magnetic fields outside a straight solenoid. A
toroid is in the form ofa circular ring and magnetic fields induction
outside the toroid is zero.
The galvanometer cannot be used to measure the current because,
(1) all the currents to be measured passes through coil and it gets
damaged easily as hair line spring.
(i) its coil has considerable resistance because of length and it
may affect original current.
(1) No, the time for which a charged particle remains inside a
'dee’ for continuous acceleration is given by
mn

=BQ,

m
For t be the same, the ratio of 6 must be the same.

t
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27.
28.

29.

30.
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m
For proton, nm_"»
e
. 4m
For auparticle, 2 - P _~p
Q 2 e
ie., % is not same for both a-particle and proton, hence they

cannot be accelerated by the same cyclotron frequency.

_BQ,
m

V oc—

As, Vv
m

(in)
and % is more for the proton, therefore, proton will have higher

velocity at the exit slit of the dees.
No, it is also produced by alternating current.
We have force F = q (v x B) = qvB sin 6.
Since the charge is stationary, v = 0

F=0.
An ammeter is an instrument for measuring current therefore, its
resistance has to be kept low as it is connected in series. Hence
shunt of low resistance is joined in parallel to convert a
galvanometer into an ammeter.
A voltmeter is a high resistance device. It is connected in parallel.
Therefore its resistance is kept high such that the current in the
main circuit is not affected. Hence a high resistance is joined in
parallel to convert a galvanometer into a voltmeter.
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Magnetic field at P in C,D, due to current I; through conductor
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GP_3166



Why does the Following Phenomenon Happen (reason)

31.

32.

33.

34.

Force experienced by unit length of C,D, due to magnetic field
B, =F,=B,L,x1=B,1,= ko 2il2
4
Similarly C,D, will also experience a force F; due to magnetic field

B, ofC,D,

F, is directed towards C,D, and F, is directed towards C,D, and

both act in the plane of the paper.
SoC,D, and C,D, attract each other.

Two linear conductors carrying current in same direction attract
each other.

D,

gl of I
— e
N

2

G G,

If current is in opposite direction, magnitude of F, and F, remains
same but they are in opposite direction.

They repel each other.
As the current is switched on the electromagnet is magnetised. It
attracts the metal disc. Soon a change of flux takes place and an
induced emf'is produced which according to Lenz’s law opposes the
cause which produced it. Hence metal disc thrown up.
Core of an electromagnet made of ferromagnetic material, because of
its
(@ low coercevity
(b) low hysterisis loss
The permeability of ferromagnetic substances is greater than that of
air so lines of force prefer to pass through them.
No e.m.f. will be produced between the ends of a metallic pole falling
vertically through the plane of magnetic meridian as the falling pole
does not cut any magnetic lines of force.
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Yes, emfwill be induced in the metallic rod because there will be a
change of magnetic flux. The metallic rod will cut the magnetic lines
of the earth's magnetic field.

The tangent at any point at a magnetic line of force gives the direction
of magnetic field at that point. Iftwo magnetic lines of force intersect
then at the point of intersectrion there will be two different tangents
and two directions of magnetic field which is not possible.

The cause of damping is the inducted emf (e¢) produced in the cop-
per plate due to change in magnetic flux (d¢).

When the magnet falls, the magnetic flux linked through the metal
ring changes, so current is induced in the ring will be in such a
direction according to Lenz’s law that it opposes the motion of the
magnet, so its acceleration will be less than g.

When cylindrical soft iron core, is placed inside the coil of a
galvanometer, it makes the magnetic field stronger and radial in the
space between it and pole pieces, such that whatever the position
of the rotation of the coil is the magnetic field is always parallel to
its plane. Thus it isnecessary to introduce a cylindrical soft iron
core inside the coil of a galvanometer.

Q-factor of'the circuit is defined as the ratio of inductive reactance at

resonance to the resistance R in the circuit

. LG)O _ 1 . L

e, Q= "o & 7R

The Q-factor of an LCR circuit is a measure of the sharpness of the

resonance. Larger the value of Q-factor sharper is the resonance

curve.

(1) Dueto varying current in P, the flux linked with P changes and
hence with Q also changes, which in turn induces the emfin Q
and bulb B lights.

(i) When Q is moved towards left. This decrease the rate of change
of magnetic flux linked with Q and hence lesser induced emf
and bulb B gets dimmer.

Let initially /, current is flowing in all the three circuits. If frequency

of applied AC source is increased then, the change in current will

occur in following manner:

Circuit containing resistance R only. There will not be any effect in

the current, on changing the frequency of AC source.
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A

Current IT
I

7

Si >
1 >

—>
Frequency of AC source

where, f; = initial frequency of AC source.

There is no effect on current with the increase in frequency.
Circuit containing inductance L only. With the increase of frequency
of AC source, inductive reactance increases as

_ Vs _ Vems

X L 21th
. . . 1
For given circuit, ¢ 7
A

Current / T
I

»

\ 4

J;
S—>
Frequency of AC source

Current decreases with the increase of frequency.
Circuits containing capacitor C only
oC 2nfC
V. V.

Current, y = Zrms _ _"rms
* (oo
2nfC
I = 21fCVppps

For given circuit, [ o f
Current increases with the increase of frequency.
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\ 4

f—>
Frequency of AC source
To reduce the effects of eddy currents.

The power loss in transmission is I2R. As P = VIcos¢ where cos ¢

is the power factor. If cos ¢ is small, the current has to be increased

accordingly in order to supply a given power at a given voltage

therefore the power loss IR is large.

The reasons of using A.C. voltage over D.C. voltage are,

() By using a transformer A.C. voltage can be stepped up and
stepped down as per the requirement

(i) A.C. voltage can be transmitted over long distances without
loss of energy as compared to D.C. voltage.

The resonance phenomenon is exhibited by a circuit only if both L

and C are present in the circuit. Only then do the voltages across L

and C cancel each other as both being out of phase.

A choke coil is an electrical appliance used for controlling current
in an a.c. circuit. Therefore, if we use a resistance R for the same
purpose, a lot of energy would be wasted in the form of heat.

Infrared waves induce resonance in molecules and increase
internal energy in a substance. Hence infrared waves are called
heat waves.

Energy
Momentum transferred = —Spee d of light

h
= TV ~ 102 (for v~10%° Hz)

Thus, the amount of the momentum transferred by the em waves
incident on the surface is very small.
The linear momentum carried by a portion of wave having energy U

U
is given by, P= —
is given by, C
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53.
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55.

56.

Thus, if the wave incident on a material surface is completely

U
absorbed, it delivers energy U and momentum P= el to the surface.

2U
Ifthe wave istotally reflected, the momentum delivered P= < is

because the momentum of the wave changes from p to—p. Therefore,

it follows that an em waves incident on a surface exert a force and

hence a pressure on the surface.

(1) When the number of turns in the inductor is reduced, the self
inductance of coil decreases; so impedance of circuit reduces
and so current increases. Thus the brightness of the bulb
increases.

(i) Ifsoft iron rod is inserted in the inductor, then the inductance
L increases. Therefore, the current through the bulb will
decrease, decreasing the brightness of the bulb.

(i) When capacitor of reactance X = X; is introduced the net
reactance of circuit becomes zero, so impedance of circuit
decreases. Therefore Z =R, so current in the circuit increases,
hence brightness of bulb increases. Thus brightness of bulb
increases in both cases.

Microwaves are considered suitable for radar systems used in aircraft
navigation because they have a short wavelength range
(1073 m—0.3 m), which makes them suitable for long-distance
communication.

The focal length of objective and eyepiece f, and f, of compound
microscope must be small so as to have large magnification

Due to large scattering of visible light of smaller wavelength (blue

1
colour) as intensity of scattered light ¢ 7»_4 sky appears blue.

Blue light suffers more deviation by a prism than red light.

This happens due to high value of refractive index of material of

prism for blue light because of its smaller wavelength in visible

spectrum.

(1) Yes, when monochromatic light suffers reflection or refraction,
there is no change in frequency although the velocity of light
changes. The velocity of light decreases as light travels from
rarer to denser medium.
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(i) No, because the energy of the wave do not depend on speed
however it depends upon its frequency which remains the same.

The yellow colour has small scattering and optimum sensitivity.

Incident ray of light isreflected and refracted when, it interacts with

the atomic constituents of matter. Atoms may be viewed as oscillators,

which gain frequency of light emitted by a charged oscillator equals
its frequency of oscillation. Thus the frequency of reflected and
refracted light is same as that of incident light frequency.

Due to its very small wavelength its diffraction is not easily ob-

served.

The biconvex lens will behave as a converging lens, because

refractive index of water (1.33) is more than the refractive index of

the material of the lens (1.25).

On the other hand it acts as a diverging lens in air because the

refractive index of air is less than that of the material ofthe lens.

It is very necessary to wear special glass goggles to welders while

working so that they can protect their eyes from harmful

electromagnetic radiation.

Two independent sources of light cannot be considered as coherent

sources because the phase difference changes randomly with time.

Waves are from different edges of the circular obstacle and

constructive interference takes place. As a result a bright spot is

seen at the centre of the shadow of the obstacle.

() When an unpolarized light beam is incident on a polaroid then
only those vibration electric vector which are parallel to
crystallographic axis of polaroid are transmitted through polaroid
and other vibrations are being absorbed by it. This selective
absorption of electric field vector which are not parallel to axis,
is termed as dichroism and hence plane polarized light is
produced by polaroid.

(i) Because light wave is transverse and sound waves are
longitudinal. The longitudinal waves can’t be polarized,
therefore, sound wave can’t be polarized.

(iii) Because it reduces the glare to half of that of incident
unpolarised light on the sun goggles.

The intensity of interference fringes in a double slit experiment is

modulated by the diffraction pattern of each slit.

Heat waves can be polarized as they are electromagnetic, transverse

in nature.
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67.

68.

69.

70.

71.

In the region of central maximum, the intensity is maximum because
the path difference between the waves arising from all parts of the
slit is zero.

Two independent sources of light cannot be coherent and hence
cannot produce interference pattern.

Two sources are monochromatic if they have the same frequency
and wavelength. Since they are independent, i.e. they have different
phases with irregular difference, they are not coherent sources.

(1) The de-Broglie wavelength associated with same potential V

h 1
A= —— Ao——=
2meV m
Since the mass of proton is larger than electron
}“electron >A proton
(i) Since A =—"— -~ ay2h_ p_t
mV A A

|
Pax Since )“electron > }‘pmﬂm

Momentum of electron (P,) < momentum of proton (Pp)

The intensities for both the monochromatic radiation are same but
their frequencies are different. Therefore

(1) The number of electrons ejected in two cases are same because
it depends on number of incident photons.

(i) As,KE_, =hv—¢,
TheKE . ofvioletradiation will be more.

The wave theory of light is not able to explain the observed features
of photoelectric effect because of following reasons.

(1) The greater energy incident per unit time per unit area increases
with the increase of intensity which should facilitate liberation of
photoelectron of greater kinetic energy which is in contradiction of
observed feature of photoelectric effect.

(i) Wave theory states that energy carried by wave is independent
of frequency of light wave and hence wave of high intensity and low
frequency (less than threshold frequency) should stimulate
photoelectric emission but practically, it does not happen.
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Threshold frequency is different for different material as each material
responds differently to light. Some metals like selenium are more
sensitive than zinc or copper. The same photosensitive substance
gives different response to light of different wavelengths. eg: UV
light gives photoelectric effect in copper but not red or green light.

h
Wavelength, A= m here k = kinetic energy of electron.

Therefore, it is clear that KE of electron is more than that of proton.
When light wave is incident on photoelectric material, the
photoelectrons should be emitted (after a long time) if work function
islarge. But no photoelectron is emitted by incident radiations ifthe
frequency is less than the threshold frequency. The energy of the
ejected electrons also has no relevance with the intensity of incident
light, although according to the wave nature, it should be there. If
the light is incident for a longer interval of light, the energy should
also have increased. That is why photoelectric effect is not explained
on the basis of wave nature of light.

The speed of photo electron emitted depends on energy of incident
photon i.e., hv or he/A hence only frequency and wavelength affect
velocity of photo electron. Intensity is no. of photons/area/time
which does not affect velocity of ejected electron but only increases
no of ¢~ ejected /sec.

(a) de-Broglie wavelength of a charged particle is given by,

Mool

Jma

If m, and e are mass and charge of a proton respectively,
and, m, and e are mass and charge of'a deutron respectively, then

A m (2m, )(e)

Zp  /Mpdp p

*o \/ > | mye) ~V2
7»

Thus, de-broglie wavelength associated with proton is /2 times
of the de-broglie wavelength of deutron and hence it is more.

h 1
(b) Momentum, is given by, P= X or,p o< x

where, h = plank's constant
Since the wavelength of a proton is more than that of deutron
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thus, the momentum of a proton is lesser than that of deutron.
Hence, the momentum of proton is less.

77. The reflecting telescopes are preferred over refracting type
because of the following reasons:

(i) There is no chromatic aberration in case of reflecting
telescopes as the objective is a mirror.

(i) Spherical aberration is reduced in case of reflecting telescopes
by using mirror objective in the form of a paraboloid.

78. When unpolarised light is passed through a polaroid, only those
vibrations of light pass through the crystal that are parallel to the
axis of the crystal. All other vibrations will be absorbed by the
crystal. In this way, the unpolarised light gets linearly polarised.

Plane of vibration

A

Unpolarised e
light Plane pélarised light
, | I R
L I | Wi
Plane of
polarisation

Polaroid

79. On increasing the value of », the part of slit contributing to the
maximum decreases. Hence, the maxima becomes weaker.

80. Atthe time of sunset or sunrise, the Sun and its surroundings appear
red because of the scattering of light.

Scattering oc L

4
A
Sun almost
overhead at noon
O (looks white or
yellowish)
More blue light Less blue light

. scattered
Sun near horizon at

scattered
sunrise and at sunset o
(looks redish)

) Earth’s

{QW‘.; / /}" // /<\almosphere
”"“"r; \ Observer

At noon, the light of sun travels relatively shorter distance through

earth’s atmosphere thus appears white as only a little of blue and
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violet colours are scattered. Near the horizon , most of the blue light
and shorter wavelengths are scattered and appears red.

81. Frequency (v) and wavelength ( ), ) of light are related as v =%

where v is the velocity of light. As the wave travels from one medium
to another, the wavelength of light changes changing the speed of
light with it. The frequency remains constant.

82. For a medium, the light of different wavelength will have different
values of refractive indices. So these light waves have different
values of Brewster's angles.

83. For a convex mirror,

Focal length, >0
Position of object, u<0
From mirror formula, we have

1 1.1 1 1 1

— + — —
f v u = f u v
1
So, ;>0 or,v>0or, v+ve
This means the image formed by a convex mirror is always
behind the mirror and hence, virtual.

84. The angle of minimum deviation of a glass prism decreases, if the
incident violet light is replaced with red light.

A+5,
) 2 , .

As we know B = sm—A and from cauchy’s equation,

sin—

2
B C

u= A+ F + F"‘. ..
ARed ™ Miolet SO HRed < Myjolet @nd therefore, angle of minimum
deviation 8 p.q <0 violet

85. The following are the drawbacks of Rutherford’s model

(1) Rutherford suggested that “on revolving in the orbits, electron
radiates energy and strinks consequently towards the nucleus.
The radius followed by the electrons, gradually decreases based
on it, electron should fall into nucleus and atom should be
destroyed.

(i) According to it we should obtain radiation of all possible
wavelength but in actual practice atomic spectrum is line
spectrum.
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86.

87.

88.

89.

90.

91.

92.

93.

This is because scattering of a-particle is due to electrostatic force
and not gravitational force.

If number of protons is large, coulomb’s repulsion would be large

hence nucleus would split. To hold the nucleons inside the nucleus

no. of neutrons is large to increase nuclear force which is a short
range force and acts between neighbours only.

(1) The BE per nucleon for nucleus of range, 30 <4 <170 is close
to its maximum value. So, the nucleus belongs to this region is
highly stable and does not shows radioactivity.

(i) In B-decay, the detection of neutrino is found to be difficult. A
neutrino hits a proton in H-atom and collision occurred may be
as of the three kinds. Neutrino do not have any change which
implies that they are unaffected in the region of electromagnetic
forces.

B—decay see conversion of neutron into p* ,e~ and v Since energy

available is shared by e and v in all possible ratios hence energy

variations of f—decay are continuous.

Electron being very light, cannot scatter a-particles (heavy) at very

large angles hence they are not considered.

Neutrinos are uncharged particles with almost no mass and they

interact very weakly ith matter, so they are very difficult to detect.

An intrinsic semiconductor is a pure semiconductor in which the

number of free electrons is equal to the number of holes.

ne =nLp=0n;

P-type semiconductor is an extrinsic semiconductor doped with

trivalent impurity. The number of holes is greater than the number of

electrons, i.e. n, >>n,.

A pure Si or Ge crystal is electrically neutral. A P-type

semiconductor is obtained by doping with trivalent impurity atoms
(Al, B, In) which are also electrically neutral, hence a P-type
semiconductor crystal is electrically neutral.
The energy for the maximum intensity of the solar radiation is nearly
1.5 eV. In order to have photoexcitation the energy of radiation (4v)
must be greater than energy band gap (E,). Therefore, the
semiconductor with energy band gap about 1.5 eV or lower than it
and with higher absorption coefficient is likely to give better solar
conversion efficiency. The energy band gap for Si is about 1.1 eV
while for GaAs, it isabout 1.53 eV. The GaAs is better inspite of its
higher band gap than Si because it absorbs relatively more energy
from the incident solar radiations being of relatively higher absorption
coefficient.
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Under the reverse bias condition, the holes of p-side are attracted
towards, the negative terminal of the battery and the electrons of the
n-side are attracted towards the positive terminal of the battery.
This increases the depletion layer and the potential barrier. However
the minority charge carriers are drifted across the junction producing
asmall current. At any temperature, the number of minority carriers
is constant so there is the small current at any applied potential.
This is the reason for the current under reverse bias to be almost
independent of applied potential. At the critical voltage, avalanche
breakdown takes place which results in a sudden flow of large current.
When photodiode is illuminated with light due to breaking of covalent
bonds, equal number of additional electrons and holes comes into
existence whereas fractional change in minority charge carrier is
much higher than fractional change in majority charge carrier. Since,
the fractional change of minority carrier current is measurable
significantly in reverse bias than that of forward bias. Therefore,
photodiode are connected in reverse bias.
At the critical voltage, the holes in the n-side and conduction
electrons in the p-side are accelerated due to the reverse-bias
voltage. These minority carriers acquire sufficient kinetic energy from
the electric field and collide with a valence electron. Thus the bond
is finally broken and the valence electrosn move into the conduction
band resulting in enormous flow of electrons and thus formation of
hole-electron pairs. Thus there is a sudden increase in the current at
the critical voltage.
Photodiode is used in reverse bias as it is easier to observe the
change in the current with change in the light intensity.
A p—n junction is forward biased when positive terminal is connected
to p—side and negative to n—side of external voltage V). This makes
holes from p—side go to n—side and vice-versa. This increases minority
carrier concentration at junction boundary from where the injected
electrons on p—side diffuse to other end of p—side and holes from n—
side junction to end of n—side. This gives rise to current. The total
diode current is sum of hole diffusion current and conventional
current due to electrons hence is high (few mA).
Ifthe value of resistance R decreases, the input circuit will become
more forward biased, decreasing the base current I, increasing
emitter current I; hence increases collector current I~ as
[g=Ig+1c
() as I increases which passes through the lamp so brightness
of the lamp increases.
(i) thereading of voltmeter will also increase.
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100.

101.
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An intrinsic semiconductor at 0 K is like an insulator because all its
electrons are in the valence band in form of bound electrons and
hence not free to conduct current. At T> 0 K, some of these electrons
pick up thermal energy and move to conduction band.

CB (empty)

VB (completely filled)

At T =0K, intrinsic semiconductor does not have free charges

A thin and light doped base region of a transistor contains a
smaller number of majority charge carriers. This reduces the
recombination rate of electrons and holes at the base-emitter
junction. Most of the majority charge carriers coming from emitter
into base immediately get collected by the collector. This reduces
base current and increases both collector current and current
gain of the transistor.

The power radiated by an antenna is proportional to (//A)2. Thus, for
the same antenna length, the power radiated increases with
decreasing wavelength (A) i.e. increasing frequency.

For a good transmission we need high powers and hence high
frequency carrier waves are used.

Because radio waves of higher frequency do not follow the curvature
of the earth.

The need for modulation for transmission of a signal are given below.

(i) The transmission of low frequency signal needs antenna of
height 4-5 km which is impossible to construct. So, there is
need to modulate the wave in order to reduce the height of
antenna to a resonable height.

(i) Effective power radiated by antenna for low wavelength or high
frequency wave as

PocL

22
So, for effective radiation by antenna, there is need to modulate the
wave.
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In general, 30 MHz > f-> 5 MHz, when frequency is greater than f»
then it crosses the ionosphere and never reflects back on the surface
of the earth. The ranges of critical frequency upto few MHz sets an
upper limit to frequency of waves used in sky wave mode.

The radiowave of frequencies upto 30 MHz cannot penetrate the
ionosphere and they get reflected back to earth whereas higher
frequencies (> 40 MHz) bends slightly but not reflected back to
earth.

(i) Toradiate the signals with high efficiency.

(i) Because they are of large wavelength and power radiated by

antenna is very small as P oc }%4 .
(ii)) It is so to avoid making overmodulated carrier wave. In that
situation, the negative half cycle of the modulating signal is
dipped and distortion occurs in reception.
The aircraft intercepts the waves reaching the antenna so it causes
slight shaking of'the picture.
The thin ozone layer on top of stratosphere absorbs most of the
harmful ultraviolet rays coming from the Sun towards the Earth.
They include UVA, UVB and UVC radiations, which can destroy
the life system on the Earth. Hence, this layer is crucial for human
survival.

The diode is fabricated such that the generation of e-h pairs takes
place in or near the depletion region.

Photodiode is used in reverse bias as it is easier to observe the
change in the current with change in the light intensity.

Photodiode is used in reverse bias as it is easier to observe the
change in the current with change in the light intensity.

oono

GP_3166



CHAPTER 4

How will you draw graph /diagramof ......?

(A)
1.

2.

10.

11.

(B)
12.

13.

Electrostatics

Draw the field lines when the charge density of the sphere is
(1) positive (ii) negative. [Delhi 2008]
Draw the equipotential surfaces due to an electric dipole. Locate the

points where the potential due to the dipole is zero.
[All India 2009C, 2011C, 2013]
Sketch the lines of force due to two equal positive point charges
placed near each other.
Drawa graph ofelectric fields E(r) with distance » from the centre of
the shell for 0 < 7 < oo, [Delhi 2009]
Draw lines of force to represent a uniform electric field.
Plot a graph comparing the variation of potential V and electric field
E due to a point charge q as a function of distance r from the point
charge. [Foreign 2010, Delhi 2012]
Draw an equipotential surface in a uniform electric field.
Two charges of 5uC and —5uC are placed at points A and B 2 cm
apart. Depict an equipotential surface of the system. [Delhi 2013C]
Draw a labelled schematic diagram of a Van-de-Graff generator.
[Delhi 2013C, All India 2014]
Draw equipotential surfaces :
() in case of a single point charge and
(i) ina constant electric field in Z-direction. [All India 2016]
Drawa graph of E versusr forr >>a. [All India 2017]

Current Electricity
Plot a graph showing the variation of resistivity with temperature
for a metallic conductor. [Delhi 2008]

Draw the circuit diagram of a potentiometer which can be used to
determine the internal resistance » of a given cell of emf E.
[Delhi 2008C, 2010]
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16.
17.
(©)
18.
19.

20.
21.

22.

23.
24.

25.

26.

27.

(D)
28.

29.
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Plot a graph showing temperature dependence of resistivity for a
typical semiconductor. How is this behaviour explained?

[Delhi 2011, 2012, 2014]
Sketch a graph to show the charge Q acquired if a capacitor of
capacitane ‘C’ varies with increase in potential difference between

its plates.
Draw a graph showing the variation of resistivity with temperature
for nichrome. [All India 2013C]

A cell of emf ‘E’ and internal resistance ‘r’ is connected across a
variable load resistor R. Draw the plots of the terminal voltage V

versus (i) R and (ii) the current 1. [Delhi 2015]

Magnetism

Draw a schematic sketch of a cyclotron. [Delhi 2008, 2011C, 2012,
All India 2013, 2014]

Drawa labelled diagram of a moving coil galvanometer.
[Foreign 2012, All India 2014]
Sketch the magnetic field lines for a finite solenoid. [Foreign 2010]
Draw magnetic field lines when a (i) diamagnetic, (ii) paramagnetic
substance is placed in an external magnetic field. ~ [Delhi2010]
Draw the magnetic field lines due to a current carrying loop.
[Foreign 2010, Delhi 2013C]
Draw magnetic field lines due to U-shaped magnet.
Three identical specimens of a magnetic materials, nickel, antimony,
aluminium are kept in a non-uniform magnetic field. Draw the
modification in the filed lines in each case. [Delhi 2011]

Plot graph of inverse magnetic susceptibility 1 versus temperature
X

T of an antiferromagnetic sample.
The current flowing through an inductor of self inductance L is
continuously increasing. Plot a graph showing the variation of
(1) Magnetic flux versus the current
(i) Induced emf versus dI/dt
(iii) Magnetic potential energy stored versus the current.
[Delhi 2014]
Drawthe magnetic field lines due to a circular wire carrying current /.
[All India 2016]
EMI, Alternating Current and EM waves
Draw a schematic diagram ofa step-up transformer.
[All India 2010, Delhi 2011C]
Sketch a schematic diagram depicting electric and magnetic fields
for an electromagnetic wave propagating along the Z-direction.
[Delhi 2009]

GP_3166



How will you draw graph / diagram of

30.

31.

32.

33.

34.
35.

(E)
36.

37.

38.
39.
40.
41.

42.

43.

44.

An em wave is travelling in a medium with a velocity v = vi. Drawa
sketch showing the propagation of the em wave, indicating the
direction of the oscillating electric and magnetic fields. [Delhi2013]
Draw a graph to show variation of capacitive-reactance with
frequency in an a.c. circuit. [All India 2015]
A series LCR circuit is connected across an a.c. source of variable
angular frequency ‘®’. Plot a graph showing variation of current
‘7’ as a function of ‘@’ for two resistances R, and R, (R, > R,).
Draw a schematic sketch ofthe electromagnetic waves propagating
along the + x—axis. Indicate the directions of the electric and
magnetic fields. [All India 2015]
Draw a labelled diagram of a step-down transformer.
[All India 2016]
Draw a labelled diagram of an ac generator.
[All India 2017]
Optics
Draw a neat labelled ray diagram of an astronomical telescope in
normal adjustment. [Delhi 2008, All India 2010, 2016, 2017]
Draw a schematic ray diagram of reflecting telescope showing how
ray coming from a distant object are received at the eye-piece.
[Delhi 2008, 2016, Foreign 2010]
Draw a neat labelled ray diagram of a compound microscope.
[Foreign 2008, All India 2010, Delhi 2008, 2009, 2010, 2014]
Draw a ray diagram, showing the passage of aray of light through a

prism when the angle of incidence is 52°. [Delhi2010C]
Draw a ray diagram to show the formation of the image in a
far-sighted (Hypermetropic) eye. [Foreign 2010]

Draw aray diagram to show the image formation by a concave mirror
when the object is kept between its focus and the pole. [Delhi2011]
A ray of monochromatic light is incident on one of the faces of an
equilateral triangular prism of refracting angle 4. Trace the path of
ray passing through the prism. [Foreign 2011]
Three light rays red (R), green (G) and blue (B) are incident on the
right angled prism ABC at face AB. The refractive indices of the
materials of the prism for red, green and blue wavelengths are
respectively 1.39, 1.44 and 1.47. Trace the paths of these rays
reasoning out the difference in their behaviour.  [Foreign2011]
An equiconvex lens of refractive index u; focal length f and
radius of curvature 'R’ is immersed in a liquid of refractive indux
. For (i) py >y, and (ii) p, < u;, draw the ray diagrams in the
two cases when a beam of light coming parallel to the principal
axis is incident on the lens. [All India 2013C]
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Draw a labelled ray diagram of a refracting telescope.
[All India 2013, Delhi 2013C]
Using Huygens' construction draw a figure showing the propagation
of a plane wave reflecting at the interface of the two media.
[Delhi 2008]
Draw the shape of a plane wavefront after refraction through a
concave lens?
Draw a diagram to show refraction of a plane wavefront incident on
aconvex lens and hence draw the refracted wavefront. [Delhi 2009]
Two monochromatic rays of light are incident normally on the face
AB of an isosceles right-angled prism ABC. The refractive indices
of the glass prism for the two rays 'l' and '2' are respectively 1.35
and 1.45. Trace the path of these rays after entering the prism.
[All India 2014]

A

4s5°

{

45°
B C

Plot a graph showing the variation of stopping potential with the
frequency of incident radiation for two different photosensitive
materials having work function W, and W, (W, > W,). [Delhi 2010]
Show the variation of photocurrent with collector plate potential for
different intensities but same frequency of incident radiation.
[Foreign 2011]
Draw graph of variation of photoelectric current with collector
plate potential for different frequencies of incident radiation.
Draw a graph between the frequency of incident radiation (n) and
the maximum kinetic energy of the electrons emitted from the surface
of a photosensitive material. [Foreign 2012, Delhi 2014]
Show on a plot the nature of variation of photoelectric current
with the intensity of radiation incident on a photosensitive surface.
[Delhi 2013C, 2014]
In Young’s double slit experiment, plot a graph showing the
variation of fringe width versus the distance of the screen from the
plane of the slits keeping other parameters same. [All India 2015]
A ray PQ incident normally on the refracting face BA is refracted in
the prism BAC made of material of refractive index 1.5. Complete the
path of ray through the prism. [All India 2016]
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58.

59.

60.

61.

62.

63.

64.

(F)

65.

60°

B C

Sketch the graphs showing variation of stopping potential with
frequency of incident radiations for two photosensitive materials A
and B having threshold frequencies v, > vg.
() In which case is the stopping potential more and why ?
(i) Does the slope of the graph depend on the nature of the material

used ? Explain. [All India 2016]
Draw a graph showing the variation of intensity (I) of polarised light
transmitted by an analyser with angle (6) between polariser and
analyser. [All India 2016]
Draw a proper diagram to show how the incident wavefront traverses
through the lens and after refraction focusses on the focal point of

the lens, giving the shape of the emergent wavefront.
[All India 2016]

Plot a graph showing variation of de-Broglie wavelength A versus

1
T , where V is accelerating potential for two particles A and B

carrying same charge but of masses m, my(m; >m,). [Delhi 2016]
Drawa graph showing variation of intensity in the interference pattern
against position 'x' on the screen. [Delhi 2016]
Plot a graph to show variation of the angle of deviation as a function
of angle of incidence for light passing through a prism.

[Delhi 2016]
Draw the intensity pattern for single slit diffraction and double slit
interference. [All India 2017]
Draw a ray diagram to show the image formation by a combination
of two thin convex lenses in contact. [All India 2017]

Atoms and Nuclei
Draw a schematic arrangement of the Geiger-Marsden experiment
for studying a-particle scattering by a thin foil of gold.

[All India 2009, Foreign 2010]
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66.

67.

68.
69.

70.

71.

(G)

72.

73.

74.

75.

PHYSICS

Draw the energy level diagram showing how the transitions between
energy level result in the appearance of Lyman series. [Delhi2013]
Draw the energy level diagram showing how the line spectra
corresponding to Paschen series occur due to transition between
energy levels. [Delhi 2013]
Draw the graph scattering particle v/s scattering angle.
Draw the energy level diagram showing how the line spectra
corresponding to Balmer series occur due to transition between
energy levels. [Delhi 2013]
Drawa plot of the binding energy per nucleon as a function of mass
number for a large number of nuclei 20 > 4 >240.

[Foreign 2008, All India 2009C, 2010, 2013]
Draw a plot of potential energy between a pair of nucleons as a
function of their separation. Mark the regions where potential energy
is (1) positive and (ii) negative. [Delhi 2013]
Electronics and Communication systems
Draw the circuit diagram for studying the characteristics of an
n-p-n transistor in common emitter configuration. Sketch the typical
(1) input and (ii) output characteristics in CE configuration
[All India 2008, 2014, Delhi 2009, 2009C, 2010C, 2013C,
Foreign 2012]
Draw the output waveform at X, using the given inputs, A and B for
the logic circuit shown below. [Delhi 2008, 2011]

A
B

X

—

I
23

[ A ta
Draw a simple circuit ofa CE transistor amplifier.  [Foreign 2008,

Delhi 2012]
Draw V-I characteristics of a p-n junction diode.

[All India 2009, 2011, 2013]
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76.
77.

78.
79.

80.

81.

82.

83.

84.
85.

86.

87.

88.
89.

90.

91.

92.

Drawthe logic circuit of a NAND gate.
[AllIndia 2009, Foreign2011]

Drawthe logic circuit of AND gate. [All India 2009, Foreign 2011]
Draw -V characteristics of zener diode [Delhi 2009]
Sketch the output waveform from an AND gate for the inputs 4 and
B shown in the figure. [Delhi 2009]
4
0 —
B [
0
o 1 2 3 4 5 6 71 8
Draw the transfer characteristic curve of a base biased transistor in

CE configuration. [All India 2010C, Delhi 2011, 2011C,
Foreign 2012]

Draw the circuit diagram showing how a p-n junction diode is

(1) forward biased, (ii) reverse biased [All India 2010, 2011C]

Draw the circuit diagram of an illuminated photodiode in reverse

bias. [Delhi 2010]
Draw the circuit diagram of a base-biased n-p-n transistor in CE
configuration. [Foreign 2010]
Drawthe logic circuit ofa NOT gate [Foreign 2011]

Draw transfer characteristics of a common emitter n-p-n transistor.

[Foreign 2011, All India 2013C]
Show how intensity of current varies with illumination intensity in a
photodiode.
Plot a graph showing variation of current versus voltage for the
material GaAs. [Delhi 2014]
Draw the diagram of a Zener diode.
Drawa labelled block diagram of a simple modulator for obtaining an
AMsignal.  [All India 2008, Delhi 2008C, 2009, Foreign 2010]
Draw a plot of the variation of amplitude versus o for an amplitude
modulated wave. [Delhi 2008]
Draw block diagram of a detector for AM waves?

[Delhi 2008C, 2013C]

Draw a schematic diagram showing the
(i) ground wave (ii) sky wave and (iil) space wave propagation
modes for em waves. [All India 2011C, Delhi 2012]
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93.

9.

9s.

96.

97.

98.

99.

100.
101.

102.

PHYSICS
Draw diagram for following :
(a) Carrier wave (b) Modulating wave
(c) AM wave (d) FM wave
(e) PM wave

Figure shows the block diagram of a detector for AM signal.
Draw the waveforms for the (i) input AM wave at A (ii) output
B at the rectifier and (iii) output signal at C.

LW*‘V:» ¢OUTPUT

A B C
[All India 2013C]
Draw a schematic sketch showing how amplitude modulated signal
is obtained by superposing a modulating signal over a sinusoidal
carrier wave. [All India 2014, Delhi 2013]
Draw the necessary energy band diagrams to distinguish between
conductors, semiconductors and insulators. How does the change
in temperature affect the behaviour of these materials ? Explain
briefly. [All India 2015]
Draw a circuit diagram of a transistor amplifier in CE configuration.
[Delhi 2015]

Drawthe circuit diagram of a half wave rectifier.
[All India 2013C, 2016]
Draw the circuit diagram for studying the input and output
characteristics of n-p-n transistor in common emitter configuration.
[Delhi 2016]
Draw the circuit diagram of a full wave rectifier ~ [All India 2017]
The figure shows the input waveforms A and B for 'AND' gate.
Draw the output waveform. [All India 2017]

bbb ot ittt

A
(Input) |

B

Draw a block diagram of a generalized communication system.
[All India 2017]
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—
.

N

Electric field lines when the charged density of the sphere,
(1) Positive (i) Negative

Equipotential surfaces due to an electric dipole.

Potential due to the dipole is zero at the line bisecting the dipole

length.

Lines of force due to two equal positive point charge.
%

Graph of variation of electric field intensity E(r) with distance r from
the centre for shell 0 < » < oo is shown below.

Neutral
point

3
Ty

yA
EI"[L\’
T E o —
r
E
@] X
r=R

—> Distance from centre ()
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5.  Linesof force representing uniform electric field.

_)
_ E

6.  The graph showing variation of potential ¥ and field £ with r for a
point charge q.

5
45

4
35

3
25
2

VE.15
1
0.5

0051152253354 455
r —>

7.  Equipotential surface in a uniform electric field.

e

4 4

/ /

/

Equipotential surface

It is a plane surface perpendicular to the electric field.
8.  The equipotential surface of the system is as shown :
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S+ Insulating belt
" to carry and

i deliver charge

supporting

l column

N Motor driven
pulley

Metal brush — Grounded
delivering metal base
charge from
source

10. (i) Equipotential surface in case of single point charge.

I " - Insulating

ES S S S S 2 O

{

(i) Equipotential surface in a constant electric field in
z-direction.

11. (b) GraphofE versusr forr>>a
p 2r__2p
dmey 1t dmeyr’ E

E !
S oC —
r3

E=
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12. Resistivity of a conductor is defined as the resistance offerered by

13.

unit length and unit area of cross — section of material of the conductor.

£
S
= 104
a
Fey
E 102
=
g
~

0 50 100 150
Temperature T (K) —>

The temperature dependence of resistivity of a metal can be obtained
from, r=r,[1+o(T-"T)]

where r and ) are the resistivity at temperature T and T, respectively
and o is called temperature coefficient of resistivity.

The value of a is positive, shows that resistivity increases with
increases in temperature.

Circuit diagram of a potentiometer to determine internal resistance »
ofa given cell.

] o —
k

When the key k, is off, the cell of . m.f E is in open circuit. Let the
null point in that case be J and AJ = {;

E=k/,
When the key is closed, the new null point isat J’and let AJ’= (,
Then the potential difference between two poles of the cell
=V=k/{,

E

D
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Internal resistance of the cell

r=(5-1)R:> r=[ A 1R
v l,

knowing R and measuring ¢; and £, , r can be calculated.
14. Resistivity of material of conductor (p)

is given by
" T
ne*t <

With the rise of temperature of
semiconductor, number density of free
electrons increases hence resistivity
decreases.

T —>

15. AsQe V> R
v

v —>
16. Graph of variation of resistivity with temperature for nichrome.

)

(9]

<]
Property of nichrome i 120
used to make standard 2, 0
resistance coils : Its low }E- '

. 7
temperature coefficient & ool
of resistance. "~ 200 400 600 800
Temperature T (K) —»

17. (i) Graph between terminal voltage V and resistance (R)

V(in volts)—>

RQ) >
In the situation when no current is drawn from the cell then
V=E (" V=E-IrandI=0)
(i) Graph between terminal voltage (V) and current (1)
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V(in volts)—>

v

1(A)—>
18. Schematic sketch of a Cyclotron.

Magnetic field out

of the paper  Deflection plate

y S

Ay
v

¥ Charged
particle

D,

Exit port

19. Moving coil Galvanometer.
Phosphor bronze strip

Torsion head

Concave

mirror \
T, |
Q M
— |

1 Cylindrical
magnetic
pole pieces

T"
Q— Terminals
I
Coil

X

=0

Soft iron
core

A

L

.

Hair spring

Levelling
screens
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20. Magnetic field lines due to a finite solenoid has been shown below.

Q

Y
0
\

21. () Behaviour of magnetic field lines when diamagnetic substance
is placed in an external field.

Diamagnetic
B

B
>
substance

v
v

(i) Behaviour of magnetic field lines when paramagnetic substance
is placed in a external field.

—~—
| —

Paramagnetic
substance

N/
JI\

22. Magnetic lines of force due to current carrying coil have been shown
in the diagram given below.
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23. Magnetic field lines due to the U-shaped magnet.

24. Nickel is a ferromagnetic substance so field lines are

\:\\k'/):/
/_"_\ -

/ Nickel \

Antimony is a diamagnetic substance so field lines are

Antimony

Aluminium is a paramagnetic substance so field lines are

\
\ 4
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25. The graph of inverse magnetic susceptibility % versus temperature

T of an antiferromagnetic sample.

26. (i) Since
where, / = Strength of current through the coil at any time
= Amount of magnetic flux linked with all turns of
the coil at that time

and, ¢ = Constant of proportionality called coefficient of
self induction

A

f

¢
—
(i) Induced emf,
A
-d¢ -d
=———U
=~ a™ T
I
ie, e= —Ld— -
dt (dlldty—>

[The graph is drawn considering only magnitude of e]
(i) Since magnetic potential energy is given by,

]

A

| )
= —LI
u 2

v

[—>
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o]

28. Schematic diagram of a step-up transformer.

P,

Inputa.c ()

. . P,
Primary coil

Secondary coil

L Laminated Core

29. A charge g oscillating at certain frequency produces an oscillating
electric field in space, which produces an oscillating magnetic field.
The oscillating electric and magnetic fields thus regenerate each
other and produce electromagnetic wave. The frequency of the
electromagnetic wave equals the frequency of oscillation of the

charge.
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30. From V=Vi , it is clear that the wave is propagating along the
x-axis. The direction of electric field is along the y-axis and that of
the magnetic field along the z-axis as shown below.

Direction of propagation —>
31. As capacitive reactance

xoo L1
€~ wC 2nfC

Hence, it is inversely proportional to frequency f

Graph: X, versus f

32. The variation of current with angular frequency for the two
resistances R, and R, shown in the graph below.
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Here,
®,= Resonance frequency

(a) From the graph, we can see that resonance for the resistance
R, is sharper than for R, because resistance R, is less than
resistance R, Therefore, at resonance, the value of peak
current will rise more abruptly for a lower value of resistance.

(b) Power associated with the resistance is given by
P=E I
From the graph, we can say that the current in case of R, is more

than the current in case of R,. Hence, the power dissipation in
case of the circuit with R, is more than that with R,

33. Schematic sketch of the electromagnetic waves:

Y

Electric intensity vector
E
1 x
B

0) T

Magnetic induction vector

E

34. Alabelled diagram of a Step-down transformer

ﬁ
|

LS
Secondary

<oil

Fa W RNl alal
WSS
P WO
Ot

VI |

P .
Primary
coil

35. (@) AC Generator: It is used to convert mechanical energy into
electrical energy.
Principle : It works on the principle of electromagnetic induction.
Construction : The main components of ac generator are :
(i) Armature coil : It consist of large number of turns of insulated
copper wire wound over iron core.
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(i) Magnet : Strong permanent magnet (for small generator) or an
electromagnet (for large generator) with cylindrical poles in
shape.

(iii) Slip rings : The two ends of the armature coil are connected to
two brass rings R and R,. These rings rotate along with the
armature coil.

(iv) Brushes : Two carbon brushes (B, and B,), are pressed against
the slip rings. These brushes are connected to the load through
which the output is obtained.

0]

i Armature coil

B \/CV

R, B, . :Brush
=i

Ry
—l—‘/\«*ﬁ%
Output

36. Raydiagram of an astronomical telescope in normal adjustment.

A
4R3J’s
d,S[a
17[0
B

At infinity

Objective

Eyepiece
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37. The ray diagram of reflecting telescope showing how ray coming
from distant object are received at the eye-piece is shown in figure.

Objective
. mirror

Secondary
mirror \

Ray from
distant object

Eyepiece

39. The ray diagram in the condition of minimum deviation is shown
below. Angle of incidence £i1=152°.

A Normal at
7 < R

Normal at

=N

F—25cm —
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41. Formation of image by a concave mirror when the object is placed
between the pole and the focus.

42. Ray passing through a prism.

Incident ray

C B
43. By geometry, angle of incidence (i) of all three rays is 45°. Light
suffer total internal reflection for which this angle of incidence is
greater than critical angle.

4
i>1i, v
N RN
o By
= sini>sini, 459
4
o C—-
or sin45°>sini, v VY

1 1 R
or VT
sin45°  sini, ] 459

V2<n B G

Total internal reflection takes place on AC for rays with p>+/2=1.414
1.e., green and blue colour whereas red undergoes refraction.
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44. () Raydiagram: for p,>p, (i) Ray diagram : for p, <p,

> ‘ l >
My !MI! My

45. Ray diagram ofa refracting type telescope.

Object
At iNfIIEY. oo (O g

(-v=D=25cm

46. A wavefront is defined as the continuous locus of all the particles of
a medium, which are vibrating in the same phase or it isa surface of
constant phase.

Huygen’s principle:

(1) Every points on the given wavefront (called primary wavefront)
acts as a fresh source of new disturbance (secondary wavelets),
which travel in all directions with the velocity of light in the
medium.

(2) A surface touching these secondary wavelets, tangentially in
the forward direction at any instant gives the new wavefront at
that instant. This is called secondary wavefront.

Reflection by Huygen's principle:

AB is a plane wavefront incident on a plane mirror MM, at

ZBAA'= Zi. Let the secondary wavelet from B strike MM, at A'
in t seconds.
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BA'=c xt where cis the velocity of light in the medium.
The secondary wavelets from A will travel the same distance ¢ x t in
the same time, meet at B'. So that
AB'=c xt
A'B' represents the secondary wavefront (reflected wavefront) after
t seconds.
In figure,
angle ofincidence, i= /BAA'.
and angle ofreflection, r= /B'A'A.
Intriangle AA'Band AA'B', AA' is common.
BA'=AB'=ctand ZB=ZB'=90°.
So, the triangles are congruent.
ZBAA'=/B'A'A.
1e, Zi=/r which is the first law of reflection.
47. Refraction of a plane wave by a concave lens:

) \‘“ ¢ \“‘
Incident VoL
Voo
Plane wave e
S
- \/\
o’ l¢'

Refracted spherical wave
Thus, the shape of a plane wavefront after refraction through a
concave lens is spherical.

48. Diagram showing refraction of a plane wavefront

Incident Spherical
Plane ] Fo wavefront
wavefront :
\\ /1
Convex lens

49. Critical angle of ray 1:
sin(c,)= 1/u,;=1/1.35
= c¢,;=sin—1(1/1.35)=47.73°
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Similarly, critical angle of ray 2:
sin (¢c,) = 1/u,=1/1.45 = ¢, =sin—1(1/1.45)=43.6°
Both the rays will fall on the side AC with angle of incidence (i)

equal to 45°.

A

45°
1 > N

=452
2 = X
i=45° \
© 459
C
B A 4

Critical angle of ray 1 is greater than that of i. Hence, it will emerge
from the prism, as shown in the figure. Critical angle of ray 2 is less
than that of i. Hence, it will be internally reflected.

50. The variation of stopping potential with frequency of incident
radiation is shown below.

Stopping
potential

o

(] P 5 /
L . “ Frequency of —»
my e incident
e L’ i’ radiation (v)
7
W2 Ve s
-

51. The variation of photocurrent for different intensities at constant
frequency is shown below.
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5
3
.126 T 13 > [2 >1 1
=™ /’—— 13
/’——‘—'Iz
| — I,
Stopping
potential
- 0 Ano_de  —
<«— Retarding potential
potential

52. Graph of variation of photoelectric current with collector plate
potential.

Photoelectric
current

v 3> "2> 2]

—Vy3—V,—Vy, 0 Collector plate
< Retarding potential

potential
53. Graph between the frequency of incident radiation and the maximum
kinetic energy of the electrons emitted.

A

t‘s T
g
=

>
2t
==
g
g B Threshold
23 frequency,
‘g 8

=}
H{I

Mo Frequency in Hz—
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54. Graph of photoelectric current versus intensity of light

A

Photoelectric current -

Intensity of light —»

55. The fringe width in Young’s double slit experiment is given by

56.

_AD

T d

where A = wavelength of source

D = distance between the slits and screen
d = distance between the slits

= BeD

The variation of fringe width with distance of screen from the slits
is given by the graph shown below:

B

A

>
»

D—

It is a linear graph with slope equal to A/d , So. for the fringe width
to vary linearly with distance of screen from the slits, the ratio of
wavelength to distance between the slits should remain constant.
Therefore, it is advised to take wavelengths of incident light
nearly equal to the width of the slit.

Here, refractive index ofthe material of

prism, pu=1.5
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As we know, p =

sini,
=sini, =1=L=0.66
p 15

And we know, sin 30°=0.5

ie,i,>30°

Thus, here light will emerge out from

face AC. X
57. The variation of stopping potential with frequency of incident

radiation for two photosensitive materials A and B having threshold

frequencies v, > vy is shown below.

Stopping
potential

o

O P 7 7
L7 . “ Frequency of —»
Moy .7 incident
e L’ ‘ radiation (v)
7
W2 7 s
-

From the graph, it is very clear that

(i) the stopping potential is inversely proportional to the threshold
frequency, hence the stopping potential is higher for metal B.

(i) the slope of the graph does not depend on the nature of the
material used
As we know, from Einsteins photoelectric equation,

Kmax = hv—d)o = EVO
Dividing the whole equation by e, we get

hv _ % =V,

e e

From the above equation, the slope of the graph is h (on

e
comparing with the straight line equation). Thus, we see that
the slope is independent of the nature of the photoelectric
material.
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(ii) 4
100
=
& 50
3
0
5007 10007
Angle (8) between
polariser and analyser

Diagram showing how the incident wavefront traverses through
the lens.

> g

Incident \4 Spherical
Plane ] Fo wavefront
wavefront (Emergent)

.

Convex lens
The de Brogile wavelength is given by

h
}\' = — _ !
'—2mqV Where h - Planck's constant

1 h
The slope of the graph A versus W is W

A m,

Plot A

Plot B

1

Jv
The slope of the smaller mass (m,) is larger; therefore, plot A in the
above graph is for mass m,
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61. Graph of intensity distribution in Young’s double-slit experiment

ALLKAN

-5t -4n -3n -2n -m

Variation of / with ¢.
62. (i) Iftheangleofincidence is increased gradually, then the angle
of deviation first decreases, attains a minimum value (3, ) and
then again starts increasing.

Angle of deviation

O 4 & &
Angie of incidence

63. Intensity pattern Intensity pattern
for single slit diffraction for double slit diffraction
Intensity
Intensity

Central bright
Ist bright

/\U J\f\ VAVAV, /t\/\ N\

Path ditterence (d sint) —>

64. (a) Raydiagram toshow the image formation by a combination of
two thin convex lenses in contact:
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65. Given figure shows a schematic diagram of Geiger-Marsden

experiment.

.

Most
- a-particles
RN pass
Gold foil __graight

(10" m thick—>

Lead
cavity

Collimato;l
| 4

i . J
screen

R \\\//
About 1 in 8000-a ? gMicroscope

o %L/\{e -

ZnS

is reflected back

Rotatable
detector

66. Energy level diagram for the Lymann series :

-0.54— —— —n=6
-085— —||— —n=5
-151— —r||— —n=4
T—3.4— | |— —n=3
3
g —  H+ |— —n=2
3
=
=
>

134 oy (UVREGION) i

LYMAN

SERIES

The Lymann series of the hydrogen atom is produced when transitions

take place from higher orbits to the first orbitn, =1
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67. Energy level diagram for the Paschen series

0
054l | — _
0.5 i,
085 — — |— IR -
H, —s
15— —H|— I -
T—34— A | — e — — XYY_ _n=3
PASCHEN
s SERIES
< L e YWYy p=2
& (VISIBLE REGION)
2
=
- 136 vyvyy n=1

Ground level

The Paschen series of the hydrogen atom is produced when
transitions take place from higher orbits to the third orbit.
ie, n;=3andn,=4,5,6,.......... soon.

|

101

68.

Number of scattered particles

20 40 60 80 100 120

Scattering angle 6 ——>

69. Energy level diagram : The Balmer series is produced when transition
take place from higher orbits to n =2 as shown in the figure.

0—— n=o
—————— n=6
05— n=5
-0.85 ———n=4
-1.51 n=3
4
E
3.4 n=2
Ha line
(Balmer series)
-136 ——o——n=

5> —
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70. The binding energy per nucleon curve is shown below.

A Most stable nuclei
MeV [ ¢ *Fe
3l He /
16
) 0 238
t R~
%' g n N )
S5 || C Nuclei prone
56 Y 6Li to fission
<)
.8 2 4 .
B Nuclei prone
m & ¢ tofusion
2_

| * 2 H
[N I Y S Y Y |

0 20 60 100 140 180 220
Mass number A —»

71. Plot of potential energy between a pair of nucleons as a function of

their separation :
Y 4
1004\ +ve
> PE
Q
=
£0 =
m
=] —ve
M
-100 ; : ' » X
1 2 3

Separation (in fermi) —»

72. The circuit diagram of n-p-n transistor in CE configuration is as
shown below

(i) Input characteristics : It is a graph between base voltage Vg
and the base current I for a constant value of collector
voltage V.
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(ii) Output characteristics : It is a graph between collector volt-
age Vg and collector current Ic for a constant value of base

current I 5.

<

£

E 12,5 { Base current (I,)|

T;’ 10 60 LlA

5 / 50 uh

3 75 T07]

g 30 ph

g 3 20 uh

— v

c /4

° 25 g\
0 05 1 15 2 25 3 35 4

Logic symbol of OR gate and the output waveform is shown below.

in(HA)

Ve=0

Ve=20V

O

> Vg

Collector to emitter voltage (V) in volts

73. Equivalent gate is OR gate.

Symbol of OR gate.
4 X
B
Output wave front
1 1 11 1 1
A' 0 1 010 1
[ T 1
[ [ T
[ [
[ Ll [
1 1 g |
B 1o lo!lo

]
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74. Circuit diagram of a common emitter transitor amplifier

n-p-n f o
I
VBE CE i Output

75. V-I characterlstlc ofap-n Junction diode
I(mA)
A

100
80 -

60 -

40 -

20
wosoe0do20| )
Vi 0202060818
20

304
\/

1(4p)
76. Logic circuit of NAND gate.
A

1

77. Logiccircuitof a AND gate
A

=

78. Zener diode is operated in the reverse breakdown region. The voltage
across it remains constant.
V-I characteristic of a zener diode

I (mA)

Forward

Reverse bis

bias

L(uA)
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79. The output for an AND gates is given as

hence, y=0
hence, y=0
hence, y=1
hence, y=0
hence, y=0
hence, y=0
hence, y=0
hence, y=0

For Otol, A=0, B=0,
For 1t02, A=1, B=0,
For 2t03, A=1, B=1,
For 3to4, A=0, B=1,
For 4t05, A=0, B=0,
For 5t06, A=1, B=0,
For 6t0o7, A=1, B=0,
For 7t08, A=0, B=1,

A

(Input)

B

(Output) Y

0 1

80. The transfer characteristic curve of base biased transistor of CE

2

3405

configuration are shown below.

A

6

P 1
Cut off 1 ACtVE | Satyration
region | 810N 1 region

\

81. Circuit diagram of (i) forward biased and (ii) reverse biased

p-n junction diode is shown below.

(1) Circuitdiagram

of forward biased
p-n junction diode.

(i) Circuitdiagram
of reverse biased
p-n junction diode

7

8
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B
82. Circuit diagram of illuminated photodiode in reverse bias is shown

S

T
|
!
|
|
|
|

R i1
B

HA

v —————— Y

'
_—— I —

p-side!  n-side

_|I+
1

83. Circuit diagram of a base biased transistor in CE configuration are
shown below.

Rg ) )V,
Vi )fVBB E lIE 7’VCC

84. Logic circuitof aNOT gate.
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How will you draw graph / diagram of

85. Transfer characteristics ofa common emitter n-p-n transistor.

1,=0,1.=0, useful
for switch OFF operation|

1. and I,, useful for
amplifier application

¥,

Cut-off Active
region,; region|

Large /., useful for
switch ON operation|

Saturation
region

—

86. Graph showing variation of intensity of current with illumination

intensity.

Al (mA)
R.B
L
Ly
I3
I
JIHA)

>V

L>L>L>1,

87. Current — Voltage characteristics graph for GaAs:

V (Volt)
Reverse
voltage

, [ (mA)
Forward
current

Reverse bias |Forward bias

V (Volt)
Forward
voltage

v [ (nA)

Reverse
current
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88. Zener diode as voltage regulator:

Unregulated
Supply
Rg
Vi
I,
Regulated
Zener /Z_/ Lood volgtage
. RL l
o VZ

89. Block diagram of a simple modulator

AM
m(1) x(1) S(lluare Y1) = BaFniiIé?SS wave
Am sin (Dmt dei\?ée BX(U + Centred
[Modulating Cx(1 l) Ato,
Signal] .
Ct)=Asin ot
(carrier)

90. A plot of amplitude versus » for an amplitude modulated wave.

N

A

C

) Cd
((Dc B wm) @, ((Dc + wm)

(o in radian)
91. The block diagram is as shown below :

AM wave ENVELOPE Oml’“t
——— [RECTIFIER] DETECTOR

(a)¢
il M’ ’M'

>4
AM Input wave Rectified wave  Output (without RF
component)
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93.

(i) Sky wave

Successive Increasing

wave
fronts

angles of tilt

(iii) Space wave

(a) Carrier wave —
(@

(b) Modulating wave

(b)

(c) AM wave %{H}QAVAM%%%

(c)

(d) FM wave AVAVW%AVAVAVAW%

(G)]

WV

(e) PM wave ©
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94. Wave forms for the :
(1) Input AM wave at A (ii) Output B at the rectifier
AR,

| time

(i) Output signal at C

'

‘ time

95. Amplitude modulated signal is obtained by superposing a
modulating signal over a sinusoidal carrier wave is shown in the
figure given below

Modulating Signal v

Carrier Wave
(Ac + Am SIno mt)

A\

—(4,+ A4, sino 1)

m

Amplitude Modulated Wave
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How will you draw graph / diagram of

96.

In conductors, the conduction and the valence band overlap each
other.

As the temperature increase, the conductivity of the conductors
decreases due to increase in the thermal motion of the free
electrons.

Energy band diagram for a conductor

Overlapping
% «~ conduction band
(Eg ~0)
£ |E
3| Valence
M| band

Energy band diagram for an insulator

Empty

E Ve .

%5 ol 7 " conduction

5 E, >3ey  band

g g

g E‘, A 4

é’ Valence
band

Here, the valence band is completely filled and the conduction
band is empty. The energy band gap of the insulator is quite large.
So, on increasing the temperature, the electrons of the valence
band are not able to reach the conduction band. Therefore,
electrical conduction in these materials is almost impossible.
Energy band diagram for a semiconductor

| E,
Eg <3eV

Electron energy

In semiconductors, the valence band is totally filled and the
conduction band is empty but the energy gap between conduction
band and valence band is quite small. At 0 K, electrons are not
able to cross even this small energy gap and, hence, the
conduction band remains totally empty. At room temperature,
some electrons in the valence band acquire thermal energy greater
than energy band gap, which is less than 3 eV and jump over to
the conduction band where they are free to move under the
influence of even a small change in the temperature. As the
temperature increases more and more electrons crosses the band
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97.

98.

99.

gap and hence conductivity increases.

The circuit diagram of an n-p-n transistor amplifier in CE
configuration is given below:

The circuit diagram for a half wave rectifier is shown below :
bij n

|

0000

—
v
-

lRL% d.c. output

a.c. input

®

— 00000000

Working : During the positive half cycle of the input a.c., the p-n
junction is forward biased i.e., the forward current flows from p ton
and the diode offers a low resistance path to the current. Thus, we
get output across-load i.e. a.c input will be obtained as d.c output.

1 1 1 1 I 1

1 1 I 1 1

a.c. input UI/-\( /\:
voltage - L : | time 1 —

1 I ] 1 1

1 1 ] 1 1

' 1 ] 1 1

1 1 1 1 1

1 1 1 1 1

d.c. output H H H : H

voltage ! ! 1 ] lim|e. 1

During the negative half cycle of the input a.c., the p-n junction is
reversed biased i.e, the reverse current flows from n to p, the diode
offers a high resistance path to the current. Thus, we get no output
across-load.

(i) Circuit diagram for studying the input and output characteristics
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Input characteristics. Curve is drawn between base current I, and
emitter base voltage V5 at constant collector emitter voltage V¢

Output characteristics. Variation of collector current I, with V¢
can be noticed for VCE between O to 1 volt only.

1‘ CE 1V 2V
<
2
= I,=50 mA
: I=0mA
0 02 04 06 15 20
Ve —> VCE—>

(b) P-N junction diode as a full wave rectifier : The circuit uses
two diodes connected to the ends of a centre tapped transformer.
The voltage rectified by the two diodes is half of the secondary
voltage i.e., each diode conducts for halfcycle of input but alternately
so that net output across load comes as half sinusoids with positive
values only.

Centretap

transformer A

X
Input ‘ ‘ E—[ Centretap
R; Output

Y
For positive cycle diode D, conducts (FB) but D, is being out
of phase is reverse biased and does not conduct. Thus output
across R; is due to D, only. In negative cycle of input D, is R B.
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but D, is F.B. and conducts as with respect to centretap point A
is negative but B is positive. Hence output across R; is due to

D2.
£
=
° . N\ s
38 \_/ \/ t
E
- LN /N
g/ t
® 8 Dueto Dueto Dueto Dueto
1 2 1 2
Output
waveform t
across Ry
101. The corresponding output waveform of the input waveforms A
and B for 'AND' gate.
t t, t
L T A
1 [} 1 [ 1 1
1 t 1 1
1 1 1 1
1 1 1 1
| 1 1 ]
(Input SI [ 1 [ 1 [
1 [} 1 [ 1 1
p 1 [} 1 [ 1 1
1 1 1 1 —
1 1 1 1 1
1 1 1 1 1
Br— 1 } 1
1 11 1 1 1 1
1 [} 1 [ 1 1
1 11 1 1 1 1
1 [} 1 [ 1 1
1 1 [ 1 1
1 1 [ 1 1
Output 1 1 | 1 I I
] T T T T T T
102. Block diagram of a generalised communication system:
Information Messagei . Transmitted . Received . i Message User of
Source Signal | ! & signal Channel signal Receiver 1 signal information

Noise

oono
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CHAPTER 5

What is the law/rule/principle of ......7

(A)

10.
11.

12.

13.

Electrostatics
What is Gauss’s law ? [Delhi 2008, 2009, All India 2011C,
Foreign 2012]
State Coulomb's law.
Current Electricity
State Kirchhoff's rules. [Foreign 2009, All India 2010,
Delhi 2013, 2014]

What is wheatstone bridge ?
What is Ohm’s law ? Using the concept of drift velocity deduce it.
State the principle of working of a potentiometer.
[Foreign 2011, Delhi 2013, 2013C, 2016, All India 2015]
Write the principle of working of a metre bridge.
[All India 2017]
Magnetism
State the underlying principle of a cyclotron.
[Delhi 2008, 2011C, 2014]
State Biot-Savart law. [All India 2006, Delhi 2007, 2009,
2011, 2013C]
State Curie law in magnetism.

State Gauss’s law in magnetism.
State the underlying principle of working of a moving coil

galvanometer. [ All India 2010, Delhi 2010, 2015, 2016]
State Coulomb’s law for magnetic force.



102
14.

PHYSICS

State Ampere’s circuital law.
[All India 2010C, Foreign 2010, Delhi 2014, 2015]

(D) EMI, Alternating Current and EM waves

15.
16.

17.
18.

(E)
19.
20.
21.
22,

23.

24.
25.

State Lenz's law. [AllIndia 2009, 2011, Delhi 2013]
State Faraday’s laws of electromagnetic induction. Express it
mathematically.

Explain working principle of a.c. generator.

State the underlying principle of a transformer.
[All India 2010,2011,2012,2016, Delhi2011, Foreign2012]

Optics

State Snell’s law of refraction.

What is Rayleigh’s law of scattering?

What is Brewster's law?

What is the superposition principle?

State de-Broglie hypothesis. [Delhi 2012]

State law of Malus. [All India 2016]
State Huygens' principle. [All India 2016]
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What is the law/rule/principle of

SOLUTIONS

Gauss’s law : The surface integral of electrostatic field (E) produced
by any source over any closed surface S in vacuum, or the total

. . A
electric flux over the closed surface in vacuum is — times of the

€0
total charge (Q) contained inside S.
Egs- Q
i.e, Electric lux 9 = CPE-dS ==
0

Coulomb’s law : The force of interaction between any two point
charges is directly proportional to the product of the charges and
inversely proportional to the square of the distance between them.

q, r %
fe O
Mathematically, F oc q;q,
and Fo Lz 5. Fe Q192
r 12
or, F= k%

T
where, k = electrostatic force constant

1 1
= in free space and k= —— in any medium
47g : P ame oW :

where, ¢ is the absolute electric permittivity of the medium and g,
is the absolute electric permittivity of free space or vacuum.
Kirchhoff’s 1st rule or Junction rule: The algebraic sum of electric
currents at any junction of electric circuit is equal to zero.

ie, ZI1=0

o, I +L+L-L-1,-I,-1,-I;=0
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Kirchhoff’s IInd rule or voltage law : In any closed mesh of electric
circuit, the algebraic sum of emfs of cells and the product of currents
and resistances is always equal to zero.

ie, Ze+ZIR=0

Wheatstone's bridge is an arrangement of four resistances used to
measure one of them in terms of other three.

[
L
The currents in different branches are shown in the figure according
to Kirchhoff’s first law.
In the loop ABDA applying Kirchhoff’s second law,
[P+IG-(I-IpR=0 ... 1)
[G= Galvanometer resistance]
In the loop BCDB, (Il—Ig)Q—(I—Il)S—IgG=O .......... 2
In the balanced condition of the bridge the value of R is so adjusted
that the galvanometer shows no deflection, i.e. I e= 0
Putting Ig=0 in(1)and (2)
LLP-(I-1I)R=0=> I,P=(1-1I)R ... ©))
[LQ-I-1)S=0= [,Q=1-IpS ... 4
L P R
Dividing (3) and (4) we get, 6 = 5
This is the condition of balanced wheatstone bridge.
Icvy and vy <E andE < V
. I o« Vor V=RI which is Ohm’s law.
eEt \Y% eVt

\£ =—? and E=—7 o vg =W andI=nAevd

2
eV ne“At 1
I neA[mﬂ]T [ my ] R
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What is the law/rule/principle of

m/
or V=IRwhereR= Ae2 is a constant for a particular conductor
et

at a particular temperature and is called the resistance of the
conductor.

6.  Principle of working of a potentiometer: When a steady current
flows through the potentiometer wire then, the potential difference
across the uniform wire is directly proportional to the length of the
part across which the potential is measured.

Potentiometer is a device used to measure emfofa given cell and to
compare emf's of cells. It is also used to measure internal resistance
ofa given cell.

7.  Principle of working of a meter bridge: Meter bridge works on the
principle of Wheatstone bridge. According to the principle, the

balancing condition
for balancing length /,,
£ _ £ _ Gl]
S Q@ o(l00-4)
_——=— =
S 100-} 100-14

where o is the resistance per unit length of the wire and /, is the
length of the wire from one end where null point is obtained. The
bridge is most sensitive when null point is somewhere near the middle
point of the wire. This is due to end resistances.

R S
B
o] & » &1 [
G
AN 100-1,— | C
|I|IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII|
4 Metre scale v
II ()
I L]
£ K

A meter bridge. Wire AC is 1 m long.

8.  Principle of cyclotron : A positive ion can acquire sufficiently large
energy with a comparatively smaller alternating potential difference
by making them to cross the same electric field again and again by
making use of a strong magnetic field.

9.  Biot-Savart’s law:— The strength of magnetic field or magnetic flux
density at a point P (dB) due to current element dl depends on,
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) dBel y
(i) dB o dl

10.

11.

(i) dB « sing

) 1
(iv) dB < r—z,

Idlsin®

r2

X

Combining,(i) to (iv) dB oc

Idlsin©

r2

= dB=k [k = Proportionality constant]

InS.I units, k = 2—0 where L, is called permeability of free space.
T

Mo = 4nx10” TA'm

Mo 1dIsin®
47 r2
According to Curie law, intensity of magnetisation (I) of a magnetic

material is directly proportional to magnetic induction (B) and
inversely proportional to the temperature (T) of the material.

. B H .
e, Joo— or loc— (since
i oc T T ( B« H)

dB =

I 1
or ﬁoc¥ ie., xmoc? or X"=T'

where C is a constant known as Curie constant.
According to Gauss’s law for magnetism, the net magnetic flux

(¢p) through any closed surface is always zero.
Suppose a closed surface S is held in a uniform magnetic field B.
Consider a small element of area ds on this surface.

Magnetic flux through this element d¢p = Bds .

If the area elements are really small, then the net magnetic flux
through the surface is,

. =j§.d§=o.
S
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12.

13.

14.

15.

16.

Principle of working of a moving coil galvanometer: The current
carrying coil placed in normal magnetic field experiences a torque
which is given by

1=NIAB
where, N =number ofturns

I=current

A =area of coil

B=magnetic field
The force of attraction or repulsion between two magnetic poles
of strengths m, and m, separated by a distance r is directly
proportional to the product of pole strengths and inversely
proportional to the square of the distance between their centres.

. mym m;m
e, Fec 12 Z or F=K 12 2
r r
where K is the magnetic force constant.
m;m
or F=Hommy
47 r2

where 1 is called absolute magnetic permeability of free space.

The line integral of magnetic field B around any closed path in
vacuum is Mg times the total current through the closed path.

Mathematically, cﬁﬁ.dz =pol-

Lenz's law : Whenever the magnetic flux linked with a circuit
changes, an induced emf is produced and the direction of the
induced current is such that it opposes the cause which produces
it.

Faraday’s laws of electromagnetic induction:

First law: Wherever there is a change in magnetic flux associted
with a coil, an e.m.f. is induced in the coil. It last so long as the
change continues.
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17.

18.

19.

20.

21.

22.

23.

24.

25.

Second law: The induced e.m.f. is directly proportional to the rate of
change of magnetic flux of the coil and has a direction opposite to
that of the change of magnetic flux.

Mathematically,

e _(:1_4) = e= —k% [k=1 for all system of units]
t

oo do

dt
Principle of a.c. generator: A dynamo or generator is a device which
converts mechanical energy into electrical energy. It is based on the
principle of electromagnetic induction.
Principle of transformer: A transformer is based on the principle of
mutual induction i.e., whenever the amount of magnetic flux linked
with a coil changes, an emf'is induced in the neighbouring coil.
The ratio of the sine of the angle of incidence to the sine of angle of
refraction for a pair of media is constant. 31 _ ny;

sinr

The amount of scattering of light is inversely proportional to the

fourth power of wavelength (%) .
A

Brewester's laws: p =tan ip where ip is the polarising angle and p is

the refractive index of the denser medium.

Super position principle: At a particular point in the medium, the

resultant displacement produced by a number of waves is the vector

sum of the displacements produced by each of the waves.

De-Broglie hypothesis: Material particles in motion should display

wave like properties.

Law of Malus : It states that when a completely plane polarised light

beam is incident on an analyser, the intensity of the emergent light

varies as the square of the cosine of the angle between the plane of
transmission of the analyser and the polariser. ie.,[=1]; cos? ¢

Huygens' Principle is based on the following assumptions:

(1) Each point on the primary wavefront acts as a source of
secondary wavelets, sending out disturbances in all directions
in a similar manner as the original source of light does.

(i) The new position of the wavefront at any instant (called
secondary wave front) is the envelope of the secondary wavelets
at that instant.

oono
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CHAPTER 6

What are the properties/ functions/
uses/effects of ......?

(A)

©w

(B)

10.

11.

Electrostatics

A graph showing the variation of Coulomb’s force (F) versus
1/r2, where r is the distance between the two charges of each pair of
charges: (1uC, 2uC) and (1pC, — 3uC). Interpret the properties

obtained. [All India 2011C]
What are the applications of Gauss's law
What are the uses of capacitor? [Foreign 2012]

State the effect of filling a dielectric in a capacitor with battery
connected.
State the effect of filling a dielectric in a capacitor after disconnecting
the battery.

How does the electric flux due to a point charge enclosed by a

spherical Gaussian surface get affected when its radius is increased?
[Delhi 2016]

Current Electricity

Write any two factors effecting internal resistance of a cell.

[All India 2010]
Write two characteristics of manganin which make it suitable for
making standard resistances. [Delhi 2011]

State the condition in which terminal voltage across a secondary cell
isequal to itse.m.f

Which property of nichrome is used to make standard resistance
coils ? [All India 2013C]
Wirite two possible causes for one sided deflection in a potentiometer
experiment. [Delhi 2013]
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12. Write two factors by which current sensitivity of a potentiometer
can be increased. [All India 2015]

(C) Magnetism

13. What is the function of radial magnetic field and the soft iron
core used in moving coil Galvanometer? [Delhi 2013C]

14. Write two characteristics of a material used for making permanent
magnets? [Foreign 2007, Delhi 2009, 2010]

15. What are the properties of permanent magnets.

16.

17.

Define the properties of diamagnetic, paramagnetic and
ferromagnetic substance.

Write two properties of a material suitable for making (a) a permanent
magnet, and (b) an electromagnet. [All India 2017]

(D) EMI, Alternating Current & EM Waves

18.
19.

20.

21.

22.
23.
24.
25.
26.

(E)
27.
28.

29.
30.

31.

What are the applications of eddy current ?
Name any four causes of energy loss in an actual transformer.

[All India 2009C, 2011, 2012, 2013C, Delhi 2009C, 2011]
What is the function of a step-up transformer?

[All India 2011C, Delhi 2016]

Mention the two characteristic properties of the material suitable for
making core of a transformer. [All India 2012]
Write two uses of X-rays. [Delhi 2010, Foreign 2010, 2011]
Define the properties of electromagnetic waves.
Wirite two uses of infrared rays. [Foreign 2010, 2011, All India 2011C]
What are uses of electromagnetic waves.
Give one use of each of the following [Delhi Board 2011C]
(i) Microwaves (i) Ultraviolet rays
(ii)) Infrared rays (iv) Gammarays

Optics

State two drawbacks of astronomical type oftelescope. [Delhi 2008]

Write two important advantages that the reflecting telescope has

over a refracting type of telescope. [Delhi 2008, 2010C,
All India 2009, Foreign 2010]

Write the properties of light.

Write two important limitations of a refracting type of telescope over

a reflecting type of telescope. [All India 2013]

State the characteristics of image formed by plane mirror.
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32.

33.
34.

35.

36.

37.

38.

39.

40.

(F)

Write two main considerations required of an astronomical
telescope. [Delhi 2013C]
What are the drawbacks of Huygens' wave theory?
State clearly, the three salient features observed in photoelectric
effect, which can be explained on the basis of Einstein's photoelectric
equation. [All India 2010, Delhi 2012]
Write two characteristic features observed in photoelectric effect
which supports the photon pictures of electromagnetic radiation.
[Foreign 2012, Delhi 2012]
Write two important observations of photoelectric effect which
can be explained by Einstein's equation.[All India 2013, 2013C]
Write the basic features of photon picture of electromagnetic radiation
on which Einstein's photoelectric equation is based. [Delhi 2013]
State three important properties of photons which describe the
particle nature of electromagnetic radiation. [Delhi 2013C]
Write the necessary conditions to obtain sustained interference
fringes. All India 2015]
What is the effect on the fringe width if the distance between the
slits is reduced keeping other parameters same?[All India 2015]

Atoms and Nuclei

41. State any two postulates of Bohr’s theory of hydrogen atom.

42.
43.
44.
45.

[All India 2010C]
What are the drawbacks of Rutherford’s atomic model?
What are limitation of Bohr's model.
State the characteristics of nuclear force.
Write properties of a, § and y-rays.

(G) Electronics and Communication systems

46.

47.
48.

49.
50.
51.

In a typical output characteristics of an n-p-n transistor in CE
configuration. Show how these characteristics can be used to
determine output resistance. [All India 2008C, 2013]
Give two applications of semiconductor devices?
Give two advantages of LED’s over the conventional incandescent
lamps. [All India 2010, 2011, Foreign 2012]
Mention some uses of LEDs.
Mention few applications of logic gates.
Write the main use of the (i) photodiode (ii) Zener diode.

[All India 2010C]
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52.
53.
54.
5S.

56.

57.

58.

59.
60.

61.
62.

63.

64.

Mention a few advantages of semiconductor devices.
What is the function of a photodiode? [All India 2013C]
What are the important properties of material for selection of a solar
cell material?
Under what condition does the transistor act as an amplifier?
[All India 2014]
Write the function of each of the following used in communication
system:
(i) Transducer
(i) Repeater
(iii) Transmitter [All India 2009, 2012, 2014,
Delhi 2010, 2012, 2013C, Foreign 2011]
Give two examples of communication system which uses the space
wave mode. [Delhi 2010, 2013]
Mention few disadvantages of using higher harmonics of a sine
wave to form digital signal.
Write two uses of microwaves. [Foreign2011]
Write the functions of the following in communication systems:
[Foreign 2011, Delhi 2012, All India 2014]
(i) Transmitter
(i) Modulator
What is the significance of modulation index?
Write three important factors which justify the need of modulating a

message signal. [All India 2011, Delhi 2012, 2013]
Figure shows a block diagram of a transmitter identify the boxes X
and Y and write their functions. [Foreign 2012]
Transmitting
antenna
m)
Message' A Y
signal

Write the functions of the following in communication systems:
[All India 2014]

(i) Receiver
(i) Demodulator
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65.

66.

67.
68.

69.

What is the function of a ‘Repeater’ used in communication

system? [All India 2015]
Write any three applications of the Internet used in communication
systems. [All India 2015]
What is the role of a bandpass filter ? [All India 2016]

(a) Write the functions of the three segments of a transistor.
[Delhi 2016, All India 2017]

Write the functions of each of the following: [All India 2017]

(@) Transmitter

(b) Channel

(¢) Receiver
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SOLUTIONS

According to Coulomb’s law, magnitude of force acting between

two stationary point charges is given by 7 =| 92 |[ L
4megy )\ 12

’
For given, 9195, F o L
2
Graph of Coulomb's force (F) versus Lz
y
For (1 uC, -3 uC)
pair of charges

»
>

For (1 nC,2 uC)
pair of charges

Magnitude of
force F —>»

\ 4

1
- —>
l.2

Higher the magnitude of product of charges q,q,, higher the slope
of the graph and hence higher the magnitude of force.
Applications of Gauss’s Law :

(1) To determine electric field due to a point charge.

(i) Todetermine electric field due to a cylindrically symmetric charge

distribution.
Uses of capacitor :
e InLC oscillators e Asfilter circuits

e Tuner circuit in radio etc.
Effect of filling dielectric with battery connected
When there is no dielectric

Capacitance C, = %

Potential difference between the plates V
Chargeon aplate Q=CV
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Energy E, = %COVZ

Electricfield E =%
When dielectric is inserted /i
c=XA% _ge,

|—
Q=KC,V=KQ, Vv

U= %KCOVZ =KE,

\%
E=—=E
d 0

Effect of filling a dielectric in a capacitor after disconnection of battery

When When
no dielectric dielectric is inserted
+Q, -Q +Q-0
| 9
Vv
Capacitance Co C=K(p
Charge Qo Q=Qo
. Qo Qo_Vo
Vij=—Y V=—t=_1Y
Potential difference| V( G C K
2
Potential energy (U= lCOVO2 U= lKC [E] =Yo
2 20 0Kk K

Aswe know from Gauss's law, flux through a closed surface is given

by ¢p =0 Eds=q/s

Here, q is the charge enclosed by the Gaussian surface.

Since, g/, is independent of radius of surface, charge through the
spherical Gaussian surface will not be affected when its radius is

increased.

Factors effecting internal resistance of a cell are
(i) the concentration of electrolyte
(i) distance between the two electrodes.
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10.

11.

12.

13.

14.

15.

16.

Two properties of manganin are:

(i) Lowtemperature coefficient of resistance

(i) High value of resistivity

Since, V= E—Ir, therefore, ifr =0 i.e the internal resistance ofthe cell

is zero then the terminal voltage across a secondary cell is equal to

itsem.f

Property of nichrome used to make standard resistance coils : Its

low temperature coefficient of resistance.

Two possible causes for one sided deflection in a potentiometer

experiment.

(i) Positive ends of all the cells are not connected to the same end
of the wire.

(i) The emfofthe cell connected to the main is less than the emf's
of cells whose emf's have to be compared.

Current sensitivity can be increased by

(i) increasing the length of the wire

(i) decreasing the current in the wire using a rheostat

Function of radial magnetic field : It ensures that the plane of the

coil remains parallel to the magnetic field.

Function of soft iron core : It ensures that the magnetic field is

strong and remains on the coil.

Two characteristics of a material for making permanent magnets

are

(1) High coercivity, (i) High retentivity

Substances which at room temperature retain their ferromagnetic

property for a long period of time are called permanent magnets.

The materials used for making permanent magnets should have

high retentivity, high coercivity and high permeability. Steel, alnico,

cobalt-steel and ticonal are the suitable materials for permanent

magnets.

The properties of diamagnetic substances are :

(a) They are feebly repelled by a strong magnet

(b) Their susceptibility is negative (i.e. X <0)

(c) Theirrelative permeability is less than 1. (i.e. p, <1)

(d) Their susceptibility is independent of magnetising field and
temperature (except for Bismuth at low temperature)

The properties of paramagnetic substances are

(@) They are attracted by a strong magnet

(b) Their susceptibility is positive but very small (% > 0)

(c) Their relative permeability is slightly greater than unity. (u>1)

(d) Their susceptibility and permeability do not change with the
variation of magnetising field.
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(e) Their susceptibility is inversely proportional to temperature,

ie ocl
e X T/

(f) Theyare found in those material which have atoms containing
odd number of electrons

The properties of ferromagnetic substances are

(@) They are attracted even by a weak magnet.

(b) The susceptibility is very large and positive.
(x>>0)

(c) Therelative permeability is very high (of the order of hundreds
and thousands). (u>>1)

(d) The intensity of magnetisation is proportional to the
magnetising field H for smaller values, varies rapidly for
moderate values and attains a constant value for larger values
of H.

(e) The susceptibility of a ferromagnetic substance is inversely

. . C
proportional to temperature i.e., yx ocl/T :>x=?;

C = curie constant .

This is called Curie law. Az a temperature called curie
temperature, ferromagnetic substance becomes paramagnetic.
The curie temperatures for Ni, Fe and Co are 360°C, 740°C and
1100°C respectively.
(f) Theyare found in those material which have domains and can
be converted into strong magnets
17. (@) Two properties of material suitable for making permanent
magnets are
(i) high coercivity
(ii) high retentivity
(b) Two properties of material suitable for making electromagnets
are
(i) low coercivity
(i) lowretentivity.
18. Applications of eddy current
(1) Dead beat galvanometer. (2) Energymeter.
(3) Speedometer. (4) Electric brakes.
(5) Single phase ACmotor. (6) Induction furnace.

(7) Diathermy
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19. Four causes of energy loss in actual transformer are :
(1) Copper loss (i) Iron loss
(ii)) Flux loss (iv) Hysteresis loss

20.

21.
22.

23.

24.

25.

Step-up transformer converts low alternating voltage into high

alternating voltage and high alternating current into low alternating

current.

(i) Lowretentivity or coercivity.

(i) Low hysterisis loss.

Uses of X-rays

(1) In medical diagnosis as they pass through the muscles not
through the bones.

(i) Indetecting faults, cracks etc. in metal products.

Properties of electromagnetic waves

(i) Thedirection of oscillations of E and B fields are perpendicular
to each other as well as to the direction of propagation.
Electromagnetic waves are transverse in nature.

(i) The electric and magnetic field oscillate in same phase.

(ii)) The electromagnetic waves travel through vacuum with the
same speed of light

! =3x10% ms!
Ho€o

Cc=

1
(iv) The energy density of electric field is 580E2 and that of

2
magnetic field is %B— , so the energy density of the
Ko

. . 1 2» B 2
electromagnetic wave is u = —| £,E” +—

)
where E and B are the instantaneous values of the electric and
magnetic field vectors.
(v) Theratio E: c= ! .
B Hogo
Uses of infrared rays

(1) Inknowing the molecular structure

(i) Inremote control of TV, VCRetc.

Uses of electromagnetic waves

The following are some of the uses of electromagnetic waves

(i) Radiowaves are used inradio and T.V. communication systems.

(i) Microwaves are used in microwave oven.

(ii)) Infrared radiations are used (a) in revealing the secret writings
on the ancient walls (b) in green houses to keep the plants
warm (c) in warfare, for looking through haze, fog or mist as
these radiations can pass through them.
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26.

27.

28.

29.

(iv) Ultraviolet radiations are used in the detection of invisible
writing, forged documents, finger prints in forensic laboratory
and to preserve the food stuffs.

(v) The study of infrared, visible and ultraviolet radiations help us
to know through spectra, the structure of the molecules and
arrangement of electrons in the external shells.

(vi) X-rays can pass through flesh and blood but not through bones.
This property of X-rays is used in medical diagnosis, after
X-rays photographs are made.

The study of X-rays has revealed the atomic structure and
crystal structure.

(vii) The study of y-rays provides us valueable information about
the structure of the atomic nuclei

(viii) Super high frequency electromagnetic waves (3000 to 30,000
MHz) are used in radar and satellite communication.

(ix) Electromagnetic waves (frequency 50 to 60 Hz) are ued for
lighting. These are weak waves having wavelength
5% 10%t0 6 x 10 m and can be produced from A.C. circuits.

(i) Microwave oven

(i) Purification of water

(i) Security lights

(iv) Treatment of cancers

Two drawbacks of astronomical type of telescope:

(1) Innormal adjustment of telescope, the final image is formed at
infinity.

(2) Magnifying power is less.

Advantages:

(1) Reflecting telescopes have high resolving power due to large
aperture of mirrors.

(i) Due to availability of parabolic mirror, image is free from
chromatic and spherical aberration.

Properties of light

(1) Light travels along a straight line in amedium or vacuum. The
path of light changes only when the medium changes. This is
also called the rectilinear propagation of light.

(2) Light travels with a speed nearly equal to 3 x 108 m/s. According
to current theories, no material particle can travel at a speed
greater than the speed of light.

(3) Light shows different behaviour such as reflection, refraction,
interference, diffraction, polarisation etc.
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30.

31.

32.

33.

34.

35.

PHYSICS

Limitations of a refracting type of telescope over a reflecting type
telescope :

L

2

The image formed by a refracting telescope is not as bright as
in the case of reflecting type telescope.

The image formed by a refracting type telescope suffers both
spherical aberration and chromatic aberration which is not in
case of reflecting type telescope.

Characteristics of image formed by plane mirror :

L
2
3.

4

Distance of object from mirror = distance of image from mirror.
The image is laterally inverted.

The line joining the object point with its image is normal to the
reflecting surface.

The size of the image is the same as that of the object.

The two considerations are:

@
(i)

Objective should be of large focal length and apearture
Eyepiece should be of small focal length and aperture.

Drawbacks of Huygens wave theory

@

(b)
©

This theory cannot explain Photo-electric, Compton, and Raman
effect.

Hypothetical medium in vacuum is not true imagination.

The theory predicted the presence of back wave, which proved
to be failure.

Three salient features observed in photoelectric effect.

®

(1)

(iii)

Threshold frequency. ForKE , <0 v>v,

1.e., the phenomenon of photoelectric effect takes place when
incident frequency is greater or equal to a minimum frequency
(threshold frequency) :
KE, ., of photoelectron : When incident frequency is greater
than threshold frequency then KE__  of photoelectron is
directly proportional to (v—v,) as

KE . =h(v—v,)
= KEpa <(v—v)
Effect of intensity of incident light : More number of photons
facilitate ejection of more number of photoelectrons from metal

surface leads to further increase of photocurrent till its
saturation value is reached.

The two characteristics features observed in photoelectric effect
which support the photon pictures of electromagnetic radiation are :

®

All photons of light of a particular frequency v or wavelength A
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36.

37.

38.

(i)

have the same energy, E (= hv = %) and momentum,

h
P(= x) whatever the intensity of radiation may be. The

increase in intensity of the radiation implies an increase in the
number of photons crossing a given area per second.
Photons are electrically neutral and not deflected by electric
hand magnetic fields.

Two important observations of photoelectric effect which can be
explained by the equation are :

®

(i)

The photoelectric emission takes place only if the incident light
has a frequency greater than the threshold frequency v,. If

1 . L. ,
v<v,, then Emv2 will be —ve, which is not possible. Hence,
electron will not be emited.

. D 1
When the frequency of the incident light increases, then 2 mv?
1.e., kinetic energy of electron increases because work function
=hv, is fixed. With increase in frequency more and more energy
is available to the electron ejected and hence stopping potential
also increases.

Basic features of photon picture :

®

(i)
(iii)
(v)
V)
(Vi)

A photon of frequency v is a packet of energy E = hv, where h
is a planck's constant.

While interacting with matter photons behave as if they are all
particles.

All photons travel in vacuum with the same velocity. However,
their velocity in different media is different.

There is no charge on a photon. They are not deflected by
electric and magnetic fields.

The energy of a photon does not depend upon the intensity of
radiation.

When it interacts with a photoelectric material, it is completely
absorbed and loses its identity.

(vii) Its collisions with the electron in the photoelectric material is

elastic i.e., total energy and momentum are conserved during
the collision.

Three important properties of photons are :

@
(1)

A definite value of energy.
Momentum.
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39.

40.

41.

42.

43.

(iii) The photon energy is independent of intensity of radiation.
The necessary conditions to obtain sustained interference fringes
are:

(1) The two sources of light must be coherent.

(i) The two sources should preferably be monochromatic.

(iii) The coherent sources must be very close to each other.

Fringe width is given by
L)

d

Hence, if the distance between the slits is reduced then the width

of the fringes increases.

Two postulates of Bohr's theory of hydrogen atom.

(i) Everyatom consists of small and massive central core, known
as nucleus around which electron revolve and necessary
centripetal force prevailed by electrostatic force of attraction
between positively charged nucleus and negatively charged
electrons.

(i) The electrons are revolved around the nucleus in only those
circular orbits which satisfy the quantum condition that the
angular momentum of electrons is equal to integral multiple of

h
P where, h is Planck’s constant.

) nh
i.e, mvr=— where,n=1,2,3, ...
2n

The drawbacks of Rutherford's atomic model are:

(1) It couldn’t explain stability of the atom. The electrons are
revolving around the nucleus and are continuously accelerated.
An accelerated charge would emit radiation hence energy of
this electron would decrease continuously till it collapses into
the nucleus.

(2) It could not explain line spectrum of atoms like H-atom.
According to Rutherford, electron can revolve in orbits of all
possible radii, hence it should emit continuous energy spectrum.

Limitations of Bohr's model

(1) It could not explain the spectra of atoms containing more than
one electron.

(2) There was notheoretical basis for selecting mvr to be an integral
multiple of h /27 .

(3) It involved the orbit concept which could not be checked
experimentally.
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44.

45.

@
)

It could not explain Zeeman and Stark effect and fine lines of
spectra.
It was against de-Broglie concept and uncertainty principle.

Characteristics of nuclear force :

L
2

3.
4
5.

6.

It is a short range force effective only in range 101> m

It is charge independent. It acts between proton-proton, proton-
neutron and neutron — neutron.

It isnot a central force.

It is spin dependent.

It is 1038 times stronger than gravitational force and 102 times
stronger than electric force.

The main cause of nuclear force is the exchange of
71— mesons between nucleus

po>n+nt,p>p+7°, n>p+n

Properties of o, B and y-rays
(A) Properties of a—rays

@)
(b)

©
(d

(®)
®

(®

(h)

B)
@)

(b)
©

It is a positively charged particle and contains a charge of 3.2 x

10~19 coulomb(exactly double the charge of electron).

The mass of a-particles is 6.645 x 10~27kg(It is equal to mass of
a helium nucleus). Actually a-particle is nucleus of helium,
hence it is called doubly ionised helium.

They (o-particles) get deflected in both electric & magnetic
fields.

The velocity of a-particle is very less than the velocity of light

ie, Vy ~ % , where c is velocity of light.

The range of a-particle in air depends on radioactive substance.
The ionisation power of a-particle is higher than both f (100
times of B & 10,000 times of y) and y particle.

The penetrating power of a particle is lowest (in comparison to
B & yparticles). Itis 1/100 times of B-particles & 1/10,000 times
of y-rays.

The a-particles can produce fluorescence in barium
platinocynide and zinc sulphide.

(1) They show little effect on photographic plate.

() They show heating effect on stopping.

Properties of B rays or B-particles :

The beta particles (i.e., B~ or B*) may be positive & negative
particle & contain +] gx10"19C of charge. Actually B~ is
electron & B* is positron.

They get deflected in both electric & magnetic field.

The velocity of B-particle varies between 0.01c to .99c, where ¢
is velocity of light.
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46.

(d
C

®
©
(@)
(b)

©
(d

C

®

PHYSICS

The mass of B particle is relativistic, because its velocity is
comparable to velocity of light

They have both ionisation & penetration power. Ionisation
power less than a-particle and penetration power more than a-
particle.

They produce fluorescence on barium platinocynide & zinc
sulphide.

Properties of y-rays (or gamma radiation):

They are electromagnetic waves as x-rays.

They are not deflected in electric & magnetic field, it means that
they are chargeless.

The velocity of y-particle is equal to velocity of light.

The ionisation power of gamma rays is less than & a rays but
penetration power more than 8 and a-rays.

The y-particles are emitted from the nucleus, while X-rays are
obtained, when electron goes from one state to another in an
atom.

When y-rays photon strikes nucleus in a substance, then it
gives rise to a phenomenon of pair production i.e.,

hv — B+ Bt
(y-rays or photon) (Pair production)
The minimum energy of y-rays required for this phenomena is

1.02 MeV, because the rest mass energy of p* particle is
0.51 MeV.

Output characteristics of an n-p-n transistor in CE configuration :

» Output characteristics
10 1 S50pA
Ie 8 1 40uA
(mA) ] 30uA
4 1 20uA
21 Iz=10pA
Y Vg (Volts) —>

Now, output resistance r is given by

AVcE
Al for constant I,

Iy =

Thus for small values of V., I .almost increases linearly. And after

CE”

small increase of V _, the current changes very little. Hence,

CE”

output resistance is very high.
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47.

48.

49.

50.

S1.

52.

53.
54.

Solid state electronics is used in

(1) LCD (liquid crystal display) monitors.

(i) detection of radio waves (crystal galena (lead sulphide) with a
metal point attached to it is a detector.

Two advantages of LEDs over incandescent lamps.

1. Since, LEDs do not have a filament that can burn out, hence
they last longer.

2. They do not get hot during use.

Light

. |7
Q@ LED R,

n

MWW

=il

LEDs are used in remote controls, burgler alarms, optical

communication etc.

They are used in calculators, digital watches, computers, robots,

telecommunications etc.

Main use of photodiode: In demodulation of optical signal and

detection of optical signal.

Main use of zener diode: As DC voltage regulator.

The advantages of semiconductor devices are :

(1) the flow of current is within the semiconductor itselfand not in
external circuit.

(i) noexternal heating or large evacuated space is required.

(i) theyare small in size.

(iv) consume less energy.

(v) operate at low voltages.

(vi) have long life.

(vii) have high reliability.

As a detector of optical signals.

The material for solar cell fabrication should have
() bandgap(~1.0eVto1.8eV)

(i) high optical absorption (~ 104 cm™)

(ii)) electrical conductivity

(iv) easily available

(v) low cost.
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5S.

56.

57.

58.

59.

60.

61.

62.

The transistor acts as an amplifier when the input circuit ( emitter—

base) is forward biased with low voltage V. and the output circuit

(collector-base) is reverse biased with high voltage V.

(1) Transducer : Its function is to convert one form of energy into
another

(i) Repeater : Reconstruct the original signal.

(i) Transmitter : Its function is to convert message into suitable
form through a channel and subsequent reception.

Communication system which uses space wave mode are television

channel, UHF, VHF etc.

The harmonics of a sine wave of fundamental frequency are

2v0, 3v0, 4v0, 5v0...etc.

This means to accomodate all of them the bandwidth has to be

infinite which is practically impossible. The distortions (noise) in
received signal would also be large.

Uses of microwaves :

(1) Inradar communication

(i) Inanalysis of molecular and atomic structure.

(i) Transmitter : A transmitter is a device that converts the
message signal from the source of information into a form
suitable for transmission through a channel.

(ii) Modulator : Modulator superimposes a low-frequency
message signal on a high frequency carrier wave, so that the
low-frequency message signal can be transmitted over long
distances.

Modulation index determines the strength and quality of transmitted

signal. Higher modulation index ensures better quality and better

strength.

The three important factors which justify the need of modulating a

message signal are :

(i) Size of the antenna : For transmitting a signal we require an
antenna whose size should have a size comparable to the

A
wavelength of the signal (~ Z) .

(ii) Effective power radiated by antenna : It is inversely proportional

toAZ. i.e.poc ;—2
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63.

64.

65.

66.

(iii) Mixing up of signals : If a number of transmitter transmit base
band signal simultaneously then all these signal cover the same
frequency range and will get mixed up. To avoid it, the
transmission should be done at high frequency. This provides
an adequate bandwidth.

Box X is amplitude modulator : Since, the frequency range of signal

is quite low and it is associated with very small amount of energy it

dies out very soon if transmitted as such. So, it is modulated by
mixing with very high frequency waves called carrier waves. This is
done by modulator power.

Box Y is power amplifier : Since, the signal gets weaken after travelling

through long distances it cannot be transmitted as such. Thus, we

use a power amplifier to provide it necessary power before feeding
the signal to the transmitting antenna.

(i) Receiver: The receiver is a device that operates on the
received signal picked up from transmitted signal at the
channel output and processes it to reproduce the recognisable
form of the original message signal for delivering.

(i) Demodulator: A demodulator is a device which separates the
low frequency message signal that has been superimposed
on high frequency carrier wave and retrieves the information
from the carrier wave at the receiver.

A repeater is an amplifying device used to increase the range of
the transmission in communication systems with the help of a set
of receiver and transmitter

The list of uses of Internet is given below.

(i) E-banking: It is an electronic payment system that enables
customers of a financial institution (usualy a bank) to
proceed for financial transactions on a website operated by
that institution. To bank online with an institution, it is
required that the customer is a member of that institution and
has the access of Internet.

(ii) Internet surfing: Navigation over World Wide Web (www)
from one webpage/website to another is called Internet
surfing. It is an interesting way of searching and viewing
information on any topic of interest.



132

67.

69.
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(iii) E-shopping (E-commerce): It is a form of electronic commerce,

by which the consumers can buy the products or the
services over Internet.
Apart from the above internet is used for sending
e-mail, e-ticketing, etc.

The bandpass filter blocks the signal which are d.c. or have
frequencies o, 20, and 20, and allows a particular band of frequency
signal to pass.

68. (a) Three segments of atransmitter are (i) Emitter (E), (ii) Base (B)

®

(i)
(iii)

and (iii) Collector.

Emitter: It is of moderate size and heavily doped. It supplies a
large number of majority carriers for the current flow through
the transistor.

Base: It is the control segment and is very thin and lightly
doped.

Collector: It is the segment which collects a major portion of
the majority carriers supplied by the emitter. It is moderately
doped and large in size as compared to the emitter.

Functions of

@)

(b)
©

Transmitter: A transmitter is an arrangement which processes
the incoming message signal to a form suitable for transmission
through a channel and subsequent reception.

Channel: Channel is the medium through which the signal is
transmitted from the transmitter to the receiver.

Receiver: A receiver extracts the desired message signals from
the received signals at the channel output.

oono
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CHAPTER 7

How will you establish relation/deduce
expressionfor .......?7

(A) Electrostatics

1.

Using Gauss’s law, prove that the electric field at a point due to a
uniformly charged infinite plane sheet is independent of the distance
fromit. [All India 2008, 2009, Delhi 2008C, 2012, 2012C]
Using Gauss’s law, derive an expression for the electric field intensity
at any point outside a uniformly charged thin spherical shell of radius
R and charge density ¢ C/m?. [Delhi 2008]
Derive an expression for the torque experienced by an electric dipole
kept in a uniform electric field. [Delhi 2008]
Derive an expression for the electric field due to an infinitely long
straight wire of linear charge density A Cm!. [Delhi 2009]
A thin conducting spherical shell of radius R has charge Q spread
uniformly over its surface. Using Gauss's law, derive an expression
for an electric field at a point outside the shell.

[Delhi 2009C, 2013 All India 2011]
Derive the expression for the electric field of a dipole at a point on
the equatorial plane of the dipole.  [Foreign 2009, All India 2013]
A dipole, with a dipole moment of magnitude p, is in stable equilibrium
in an electrostatic field of magnitude E. Find the work done in rotating
this dipole to its position of unstable equilibrium.[All India 2010C]
Deduce the expression for the electric field £ due to a system of two
charges g, and g, with position vectors 7, and r, at a point r with
respect to common origin. [Delhi 2010C]
A dipole, with its charge, — q and + g, located at the points (0, — b, 0)
and (0, +b, 0), is present in a uniform electric field £. The equipotential
surfaces of this field are planes parallel to the Y-Z plane.
(1) What is the direction of the electric field £?
(i) How much torque would the dipole experience in this field?

[Delhi 2010C]
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10.

11.

12.

13.

14.

15.

16.

17.

Two charge —q each are fixed separated by distance 2d. A third
charge g of mass m placed at the mid-point is displaced slightly by
x (x <<d) perpendicular to the line joining the two fixed charged as
shown in Fig. Show that g will perform simple harmonic oscillation
oftime period.

1/2
. [87z3 &y md® ] //("T x
2

9 9 d d

Using Gauss's law, derive the expression for the electric field at
a point (i) outside and (ii) inside a uniformly charged thin spherical
shell. [All India 2011, 2013, 2013C]

(a) A charge Q located at a point }I is in equilibrium under the

combined electric field three charges q,, q, are located at points

}I and ; respectively, find the direction of the force on Q, due

toq, interms ofq,,q, r, , r, and .

(b) A charge qisplaced at the centre of an open end of a cylindrical
vessel, as shown. What is the electric flux through the surface
of vessel ?

(]

Two charged conducting spheres of radii ; and r, connected to
each other by a wire. Find the ratio of electric fields at the surfaces of
the two spheres. [Delhi 2011C]
Two charged spherical conductors of radii R, and R, when
connected by a conducting wire acquire charges g, and g,
respectively. Find the ratio of their surface charge densities in terms
of their radii. [Delhi 2014]
Obtain the expression for the energy stored per unit volume in a
charged parallel plate capacitor. [All India 2008, Delhi 2014]
Derive the expression for the electric potential at any point along the
axial line of an electric dipole? [Delhi 2008]
Derive arelation between potential gradient and electric field strength.
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18.

19.

20.

21.

22.

23.

24.

25.

Derive an expression for the potential energy of an electric dipole of
dipole moment P in an electric field E . [Delhi 2008]
Find out the expression for the potential energy of a system of three
charges q;, q, and g; located, at r,, r, and r; with respect to the
common origin O. [Delhi 2010C]
Deduce the expression for the potential energy of a system of two
point charges g, and g, brought from infinity to the points with
positions | and r, respectively in presence of external electric field E.
[Delhi2010]
Derive the expression for the capacitance of a parallel plate capacitor
having plate area A and plate separation d. ~ [Delhi 2010, 2014]
A capacitor is charged to potential V. The power supply is then
disconnected and the capacitor is then connected in parallel to
another capacitor of potential V.
(a) Derive an expression for the common potential of the
combination of capacitor.
(b) Show that the total energy of combination is less than the sum
of the energy stored in them before they are connected.
Find the ratio of the potential differences that must be applied across
the parallel and the series combination of two identical capacitors so
that the energy stored, in the two cases, becomes the same.
[Foreign 2010]
A slab of material of dielectric constant K has the same area as that
of the plates of a parallel plate capacitor but has the thickness d/2,
where d is the separation between the plates. Find out the expression
for its capacitance when the slab is inserted between the plates of
the capacitor. [Foreign 2010, All India 2013, Delhi 2013]
Two identical parallel plate (air) capacitors C| and C, have
capacitance C each. The space between their plates is now filled
with dielectrics as shown. If the two capacitors still have equal
capacitance, obtain the relation between dielectric constants K, K
and K. [Foreign 2011]
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26.

27.

28.

29.

30.

You are given an air filled parallel plate capacitor C;. The space
between its plates is now filled with slabs of dielectric constants K
and K, as shown in C,. Find the capacitance of the capacitor C, if
area of the plates is 4 and distance between the plates is d.

A is filled parallel plate capacitor. [Foreign 2011]

d/2

<>

2
A\

DA et e

Two identical circular loops ‘1’ and ‘2’ of radius R each have linear
charge densities —A and +A C/m respectively. The loops are placed

C

coaxially with their centres R./3 distance apart. Find the

magnitude and direction of the net electric field at the centre of
loop “1°. [All India 2015]

An electric dipole of dipole moment p consists of point charges
+q and —q separated by a distance 2a apart. Deduce the

expression for the electric field E due to the dipole at a distance
x from the centre of the dipole on its axial line in terms of the

dipole moment p. Hence show that in the limit x >> a,

E—)Z?/(4n80x3)- [Delhi 2015]
If two similar large plates, each of area A having surface charge
densities +c and —c are separated by a distance d in air, find the
expressions for

(a) field at points between the two plates and on outer side of the

plates. Specify the direction of the field in each case.

(b) the potential difference between the plates.

(c) the capacitance of the capacitor so formed. [All India2016]
A charge is distributed uniformly over a ring of radius'a’. Obtain an
expression for the electric intensity E at a point on the axis of the
ring. Hence show that for points at large distance from the ring, it
behaves like a point charge. [Delhi 2016]
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31.

32.

33.

(B)
34.

35.

Use Gauss's law to find the electric field due to a uniformly charged
infinite plane sheet. [All India 2016, 2017]
Derive an expression for the electric field E due to a dipole of length
'2a' at a point distant r from the centre of the dipole on the axial line.

[All India 2017]
An infinitely large thin plane sheet has a uniform surface charge
density +c. Obtain the expression for the amount of work done in
bringing a point charge q from infinity to a point, distant r, infront of
the charged plane sheet. [All India 2017]

Current Electricity

Two cells of emf E;| and E, having internal resistances | and r,
respectively are connected in parallel as shown. Deduce the
expressions for the equivalent emfand equivalent internal resistance
of a cell which can replace the combination between the points B,
and B,. [All India 2008, 2010C, 2015, Foreign 2010, 2011]

E,

Three cells of emf, E, 2F and 5E having internal resistances r, 2r and
3r, variable resistance R is shown in the figure. Find the expression
for the current. [All India 2010C]
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36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

Derive an expression for the internal resistance ofa cell in terms of
e.m.fand terminal potential difference of a cell.

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. [Delhi 2011, 2013]
Derive the balanced condition of wheatstone’s bridge principle.
Deduce the expression for the electrical resistivity of the material.

[All India 2012]
Obtain the expression for the current through a conductor in terms
of “drift velocity’. [All India 2013]

Aresistor of resistance R Q draws current from a potentiometer, as
shown in the figure.

-V‘

Re

A ']'3“? W C

R
The potentiometer has a total resistance R Q. A voltage V is
supplied to the potentiometer. Derive an expression for the voltage
across R when the sliding contact is in the middle of the

potentiometer. [All India 2014]
Derive an expression for drift velocity of free electrons.
[All India 2016]

Two long straight parallel conductors carry steady current
1 and 2A separated by a distance d. If the currents are flowing in the
same direction, show how the magnetic field set up in one produces
an attractive force on the other. Obtain the expression for this force.

[Delhi 2016]
On the basis of electron drift, derive an expression for resistivity of
a conductor in terms of number density of free electrons and
relaxation time. [Delhi 2016]
In a metre bridge, the balance point is found at a distance /; with
resistances R and S as shown in the figure.
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An unknown resistance X is now connected in parallel to the
resistance S and the balance point is found at a distance /,.
Obtain a formula for X in terms of /|, /, and S.

[All India 2017]

(C) Magnetism

46.

47.

48.

49.

50.

S1.

A long solenoid of length L having N turns carriers a current /.
Deduce the expression for the magnetic field in the interior of the
solenoid. [All India 2008, 2011, 2011C, Foreign 2010]
Using Biot-Savart’s law, derive an expression for the magnetic field
at the centre ofa circular coil of radius r, number of turns n, carrying

current i. 1 \ [Delhi 2008]
Two small identical circular @ X ,Q

coils marked 1, 2 carry equal
currents and are placed with
their  geometric  axes
perpendicular to each other as X
shown in the figure. Derive an
expression for the resultant
magnetic field at O. (VR
[Delhi 2008]

1

Deduce an expression for the period of revolution of charged particle
in cyclotron and show that it does not depend on the speed of the
charged particle. [Delhi 2008]
Derive the expression for the torque on the rectangular current
carrying loop suspended in a uniform magnetic field.

[Foreign 2009, Delhi 2009, 2013, All India 2013]
An electron and a proton moving with a same speed enter the same
magnetic field region at right angles to the direction of the field.
Show the trajectory followed by the two particles in the magnetic
field. Find the ratio of the radii of the circular paths which the particles
may describe. [Foreign 2010]
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52.

53.

54.

5S.

56.

57.

58.

59.

60.

61.

Write the expression for the magnetic moment (m) due to a planar
square loop of side / carrying a steady current / in a vector form.
[Delhi 2010]
A moving coil galvanometer of resistance G, gives its full scale
defletionwhen acurrent 1 flows through its coil. It can be converted
into a ammeter of range ((§ to)(I>1 g) when a shunt of resistance S
is connected is converted into an ammeter of range 0 to 1, find the
expression for the shunt required in terms of /, and G. [Delhi2010C]
Deduce the expression for the force acting between the two
conductors. Mention the nature of this force.
[Foreign 2010, All India 2012, Delhi 2016]
Obtain, with the help of necessary diagram, the expression for the
magnetic field in the interior of a toroid carrying current.
[All India 2011C]
The parallel coaxial circular coils of equal radius R and equal number
of turns N carry equal currents I in the same direction and are
separated by a distance 2 R. Find the magnitude and direction of the
net magnetic field produced at the mid-point of the line joining their
centres.
Using Biot-Savart law, deduce an expression for the magnetic field
on the axis of a circular current carrying loop. [Foreign 2010,
Delhi 2011, All India 2013]
A small compass needle of magnetic moment 'm' is free to turn about
an axis perpendicular to the direction of uniform magnetic field 'B'.
The moment of inertia of the needle about the axis is'I'. The needle is
slightly disturbed from its stable position and then released. Prove
that it executes simple harmonic motion. Hence deduce the expression
for its time period. [Delhi 2011C, 2013]
A straight wire of length L is bent into a semi-circular loop. Use
Biot-Savart law to deduce an expression for the magnetic field at its
centre due to the current, / passing through it. [Delhi 2011C]
Two circular coils X and Y having radii R and R/2 respectively are
placed in horizontal plane with their centres coinciding with each
other. Coil X has a current I flowing through it in the clockwise
sense. What must be the current in coil Y to make the total magnetic
field at the common centre of the two coils, zero?
With the same currents flowing in the two coils, if the coil Y is not
lifted vertically upwards through a distance R, what would be the
net magnetic field at the centre of coil Y?
When a current carrying loop PQRS is placed in a magnetic field B,
find out the expression for the torque acting on it. [Foreign 2011]
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62.

63.

64.

65.

66.

67.

68.

69.

Write the expression for the force, F, acting on a charged particle of
charge q, moving with a velocity v in the presence of both electric
field E and magnetic field B. Obtain the condition under which the
particle moves undeflected through the fields.  [All India 2012]
Derive the expression for the kinetic energy acquired by the charged
particles in cyclotron. [Delhi 2012, All India 2013]
A particle of charge, g and mass, m is moving with velocity, v. It is
subjected to a uniform magnetic field, B directed perpendicular to its
velocity. Show that, it describes, a circular path. Write the expression
for its radius. [Foreign 2012]
Find out the expression for the magnetic field inside a toroid for N
turns of the coil having the average radius » and carrying a current I.

[All India 2013]
Figure shows a conducting rectangular loop PQRS in which the arm
PQ is free to move. A uniform magnetic field acts in the direction
perpendicular to the plane of the loop. Arm PQ is moved with a
velocity v towards the arm RS. Assuming that the arms QR, RS and
SP have negligible resistances and the moving arm PQ has the
resistance r, obtain the expression for (i) the current in the loop
(i1) the force and (iii) the power required to move the arm PQ.

[Delhi 2013]
xx>s<><><><><><><><|
X X XX X X X[ XPX X
V €—
X X XX X X X/ X X X
x><><><><><><><0><><l
R
X X XX X X X[[X XX

X X X X X X X X X X

Starting from the expression for the energy W = % LI2, stored in
a solenoid of self-inductance L to build up the current I, obtain
the expression for the magnetic energy in terms of the magnetic
field B, area A and length / of the solenoid having » number of
turns per unit length. [Delhi 2013C]
A rod of length / is moved horizontally with a uniform velocity 'v'
in a direction perpendicular to its length through a region in which
a uniform magnetic field is acting vertically downward. Derive the
expression for the emf induced across the ends of the rod.

[All India 2014]
Derive expression for magnetic field strength at a point lies on the
equatorial line of bar magnet.
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70.

71.

72.

73.

D)
74.

75.

76.

71.

78.

Two infinitely long straight parallel wires, ‘1’ and “2’°, carrying
steady currents I, and I, in the same direction are separated by

a distance d. Obtain the expression for the magnetic field B due
to the wire ‘1’ acting on wire 2°. Hence find out, with the help of
a suitable diagram, the magnitude and direction of this force per
unit length on wire 2” due to wire ‘1°. [All India 2015]
An observer to the left of a solenoid of N turns each of cross-
section area ‘A’ observes that a steady current I in it flows in the
clockwise direction. Depict the magnetic field lines due to the
solenoid specifying its polarity and show that it acts as a bar
magnet of magnetic moment m = NIA [Delhi 2015]

Use Biot-Savart law to derive the expression for the magnetic field
on the axis of a current carrying circular loop of radius R.
[All India 2016]
Write the expression for the magnetic force acting on a charged
particle moving with velocity v in the presence of magnetic
fieldB. [Delhi 2016]
EMI, Alternating Current & EM Waves
A metallic rod of length / is rotated at a constant angular speed o,
normal to a uniform magnetic field B. Derive an expression for the
emfinduced in therod . [Delhi 2008]
A coil of number of turns N, area A, is rotated at a constant angular
speed in a uniform magnetic field B, and connected to a resistor R.
Deduce expression for : [Delhi 2008]
() Maximum emfinduced in the coil
(i) Power dissipation in the coil.
Derive an expression for the self inductance of a long solenoid
of cross sectional area A, length / having »n turns per unit length.
[Delhi 2008, 2009, All India 2013C]

Two concentric circular coils C; and C,, radius r; and r, (¥, <<r,)
respectively are kept coaxially. If current is passed through C,, then
find an expression for mutual inductance between the two coils.

[All India 2009C, 2011, Foreign 2011]
A metallic ring of mass m and radius | (ring being horizontal) is falling
under gravity in a region having a magnetic field. Ifz is the vertical
direction, the z-component of magnetic field is B, =B, (1 + A z). IfR
is the resistance of the ring and ifthe ring falls with a velocity v, find
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79.

80.

81.

82.

83.

84.

85.

86.

87.

88.

89.

the energy lost in the resistance. If the ring has reached a constant
velocity, use the conservation of energy to determine v in terms of
m, B, A and acceleration due to gravity g.
A metallic rod length 'l' is rotated with a frequency v with one end
hinged at the centre and the other end at the circumference of a
circular metallic ring of radius r, about an axis passing through the
centre and perpendicular to the plane of the ring. A constant uniform
magnetic field B parallel to the axis is present everywhere. Using
Lorentz force, explain how emf'is induced between the centre of the
metallic ring and hence obtain the expression for it.
[Delhi2012,2013, All India 2013C]
If r is the resistance of the rod and the metallic ring which has
negligible resistnace. Obtain the expression for the power
generated. [All India 2013C]
Obtain the expression for the magnetic energy stored in an
inductor of self-inductance L to build up a current I through it.
[All India 2014]
An ac source of voltage v = v, sin of is connected across a series
combination of an inductor, a capacitor and a resistor. Use the
phasor diagram to obtain the expression for the (i) impedance of
the circuit and (ii) phase angle between the voltage and the
current. [All India 2009, 2013C]
Derive an expression for the average power consumed in a series
LCR circuit connected to a.c. source in which the phase difference
between the voltage and the current in the circuit is ¢.[Delhi 2009]
An alternating voltage V=V, sinot applied to a series L-C-R circuit
drivesa current given by /= I sin (ot+ ¢). Deduce an expression for
the average power dissipated over a cycle.
[Delhi 2009, Foreign 2011]
Derive an expression for the mean or average value of alternating
current. What is the mean value of a.c. over a complete cycle?
A voltage V=V, sin wt is applied to a series LCR circuit. Derive the
expression for the average power dissipated over a cycle.
[Delhi 2009, Foreign 2011, All India 2014]
A series LCR circuit is connected to an AC source. Using the phasor
diagram, derive the expression for the impedance ofthe circuit.
[All India 2012]
Derive an expression for the average power consumed in a pure
resistive circuit over a complete cycle.
For agivenac, i=1_sin wt, show that the average power dissipated

1.
in a resistor R over a complete cycle is 2 lﬁ,R . [All India 2013]
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90.

91.

92.

93.

9.

95.

96.

Express the velocity of propagation of an electromagnetic wave in
terms of the peak value of the electric and magnetic fields.
[All India 2010C]

Derive the relation: i = g [d('i] .

dt

An infinitely long thin wire carrying a uniform linear static charge
density A is placed along the z-axis (Fig.). The wire is set into motion

along its length with a uniform velocity v= vﬁ: . Find the poynting

vector S= 1 (E x B).

o

A capacitor, made of two parallel plates each of area A and separated
by a distance d, is being charged by an external ac source. Show that
the displacement current inside the capacitor is the same as the
current charging the capacitor. [All India 2013]
Write the relation between the velocity of propagation of wave
and the magnitudes of electric and magnetic fields.

[All India 2015]
Draw a necessary arrangement for winding of primary and
secondary coils in a step-up transformer. State its underlying
principle and derive the relation between the primary and
secondary voltages in terms of number of primary and secondary
turns.

[All India 2015]
Derive an expression for the mutual inductance of two long co-
axial solenoids of same length wound one over the other.

[Delhi 2015, All India 2017]
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97.

98.

99.

(E)

100.

101.

102.

103.

104.
105.

106.

(a) Explain the meaning ofthe term mutual inductance. Consider
two concentric circular coils, one of radius r; and the other of
radius r, (r; <r,) placed coaxially with centres coinciding with
each other. Obtain the expression for the mutual inductance of
the arrangement.

(b) Arectangular coil ofarea A, having number ofturns N is rotated
at'f revolutions per second in a uniform magnetic field B, the
field being perpendicular to the coil. Prove that the maximum
emfinduced in the coil is2f/NBA. [All India 2016]

An a.c. source of voltage V = V,, sin @t is connected to a series

combination of L.C and R. Use the phasor diagram to obtain

expression for impedance of the circuit and phase angle between

voltage and current. [Delhi 2016]

Derive an expression for the mutual inductance oftwo long coaxial

solenoids of same length wound one over the other.

[All India 2017]

Optics

Write the relation between the refractive index and critical angle for

a given pair of optical media. [All India 2009, Delhi 2013]

Derive the expression for the total magnification of a compound

microscope. [Delhi 2009]

Obtain lens maker’s formula using the expression

Mo Wy _ (uz ! )
vV o u R

Here, the ray of light propagating from a rarer medium ofrefractive

index (u;) to a denser medium of refractive index (p, ) is incident on

the convex side of spherical refracting surface of radius of curvature R.
[Delhi 2011]

Derive an expression for the refractive index of the material of the

prism in terms of the angle of minimum deviation and its refracting

angle. [Foreign 2011]

Derive the relation, 8 = (nj; —1) A.

Deduce the relation 1 = 1 + fL for two thin lenses kept in contact
1 N2

coaxially. [Foreign 2012]

The mixture a pure liquid and a solution in a long vertical column
(i.e., horizontal dimensions << vertical dimensions) produces
diffusion of solute particles and hence a refractive index gradient
along the vertical dimension. A ray of light entering the column at
right angles to the vertical is deviated from its original path. Find the
deviation in travelling a horizontal distance d << A, the height of the
column.



107.

108.

109.

110.

111.

112.

113.

114.

115.

116.

117.

Obtain the conditions for the bright and dark fringes in diffraction
pattern due to a single narrow slit illuminated by a monochromatic
source. [Foreign 2012]

2

In Young's double slit experiment, show that Tmax = (@+b)

Inin  (a-b)?
Two polaroids P, and P, are placed with their axes perpendicular to
each other. An unpolarised light of intensity /; is incident on P;. A
third polaroid P; is kept in between P| and P, such that its pass axis
makes an angle of 30° with that of P,. Determine the intensity of
light transmitted through P, P, and P;. [All India 2014]
In a double slit interference experiment, the two coherent beams

have slightly different intensities I and [+8I (81<<I). Show that
the resultant intensity at the maxima is nearly 41 while that at the

o (31)?
minima is nearly -
Light waves each of amplitude "a" and frequency "®", emanating
from two coherent light sources superpose at a point. If the
displacements due to these waves is given by y, = a cos oz and
¥, = a cos(wt+ ¢) where ¢ is the phase difference between the two,
obtain the expression for the resultant intensity at the point.
[Delhi 2014]
Derive an expression for stopping potential from Einstein's photo
electric equation.
Two particles A and B of de Broglie wavelengths A, and A5 combine
to form a particle C. The process conserves momentum. Find the de
Broglie wavelenth of the particle C. (The motion is one dimensional).
Establish the relationship of de-Broglie wavelength A associated
with a particle of mass m in terms of its kinetic energy E.
[Delhi 2011C]
Use Huygens’ principle to show the propagation of a plane
wavefront from a denser medium to a rarer medium. Hence find the
ratio of the speeds of wavefronts in the two media.
[All India 2015]
Derive the expression of Brewster’s law when unpolarised light
passing from a rarer to a denser medium gets polarised on
reflection at the inteface. [All India 2015]
A biconvex lens with its two faces of equal radius of curvature R
is made of a transparent medium of refractive index p,. It is kept
in contact with a medium of refractive index p, as shown in the
figure.
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119.

120.

121.

122.

123.

124.

Y

Ky

(a) Find the equivalent focal length of the combination.
(b) Obtain the condition when this combination acts as a

diverging lens.
(c) Draw the ray diagram for the case p, > (u, + 1)/ 2, when the

object is kept far away from the lens. Point out the nature of

the image formed by the system. [All India 2015]
Use the mirror equation to show that an object placed between f
and 2f of a concave mirror produces a real image beyond 2f.

[Delhi 2015]
Find an expression for intensity of transmitted light when a
polaroid sheet is rotated between two crossed polaroids. In which
position of the polaroid sheet will the transmitted intensity be
maximum? [Delhi 2015]
The maximum kinetic energy of the photoelectrons gets doubled
when the wavelength of light incident on the surface changes
from A, to A,. Derive the expressions for the threshold wavelength
A, and work function for the metal surface. [Delhi 2015]
Show that the angular width of the first diffraction fringe is half
that of the central fringe. [Delhi 2015]
Derive the mathematical relation between refractive indices n; and
n, of two radii and radius of curvature R for refraction at a convex
spherical surface. Consider the object to be a point since lying on
the principal axis in rarer medium of refractive index »; and a real
image formed in the denser medium of refractive index n,. Hence,
derive lens maker's formula. [All India 2016]
Derive an expression for refractive index of the prism in terms of
angle of minimum deviation and angle of prism. [Delhi 2016]
Unpolarised light is passed through a polaroid P;. When this
polarised beam passes through another polaroid P, and if the pass
axis of P, makes angle 6 with the pass axis of P, then write the
expression for the polarised beam passing through P,.
[All India 2017]



125.
(F)

126.
127.

128.

129.
130.
131.

132.

133.

134.

135.

136.

(G)
137.
138.

Using photon picture of light, show how Einstein's photoelectric
equation can be established. [All India 2017]
Atoms and Nuclei
Using Bohr's postulates, obtain the expressions for (i) kinetic energy
and (i) potential energy ofthe electron in stationary state of hydrogen
atom. [Delhi 2010, 2013]
From Bohr’s model, derive an expression for the radius of a stationary
orbit. Prove that the various stationary orbits are not equally placed.
Using Bohr’s postulates, derive the expression for the frequency of
radiation emitted when electron in hydrogen atom undergoes
transition from higher energy state (quantum number n ) to the lower
state, (n,). [Foreign 2011, All India 2013]
Show that from Bohr’s postulates linear velocity of electron ‘v’ is
inversely proportional to principal quantum number ‘n’.
Deduce the expression, N=N,, e™, for the law of radioactive decay.
[All India 2011C, Delhi 2014]
Using Rutherford model of the atom, derive the expression for the
total energy of the electron in hydrogen atom. What is the
significance of total negative energy possessed by the electron?

[All India 2014]
Obtain the relation between the decay constant and half life of a
radioactive sample. [All India 2015]

A proton and an a-particle have the same de-Broglie wavelength.
Determine the ratio of (i) their accelerating potentials (ii) their
speeds. [Delhi 2015]
Show that the radius of the orbit in hydrogen atom varies as n*,
where n is the principal quantum numbers of the atom.

[Delhi 2015]

From the relation R = ROA” 3 , where R, is constant and A is the
mass number of the nucleus, show that nuclear matter density is
independent of A. [Delhi 2015]
Find the relation between the three wavelengths 1,1, and 1, from the
energy level diagram shown below. [Delhi 2016]

E, C

A3
E, M
A2
E, A

Electronics and Communication systems

Express amplitude modulation by square law device.

Ifthe whole earth is to be connected by LOS communication using
space waves (no restriction of antenna size or tower height), what is
the minimum number of antennas required? Express the tower height
of these antennas in terms of earth's radius?
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SOLUTIONS

1. Electric field intensity due to a thin infinite sheet of charge: Let ¢ be
the surface density of charge and P be a point at a distance r from the

sheet where E has to be calculated. E on either side is perpendicular
to the sheet.
X A

n
X
A XL T
n X X
) X) ( a E
—)E __x }n E
k, 7 > P

E
«—

X

Imagine a cylinder of cross-sectional area ds around Pand length 2r,
piercing through the sheet. At the two edges, E || (or ds).

At the curved surfaces E L fi (or dS). So, there is no contribution
to electric flux from the curved surfaces of the cylinder.

Electric flux over the edges = 2E dS =2EdS
Total charge enclosed by the cylinder = ¢ dS

c
By Gauss’s theorem, 2EdS = q4._ G;ds S E=—.

) ) 280
Ifthe infinite plane sheet has uniform thickness, the surface density
of charge is same on both the surfaces of the sheet.

X
X X
X X
X X
///1:/// X +o
X )()(
o | ox —>E,
x x x
x | x X
X /)( éEZ
X
X
X

Electric field intensity at any point P due to each surface

=E,=E,=c/2¢g

By superposition principle, total electric field intensity,
c

E=E,+E,= S ., ° _ —

280 280 €0
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From the expression, it is clear that the electric field at a point due to
a uniformly charged infinite plane sheet is independent of the
distance from it.

Consider a uniformly charged thin spherical shell of radius R and

charge density 6 C/m?.

The charge on the sphere, q = (41‘tR2 ).o
According to Gauss’s theorem,

Eds=1
£
2
Ex4nr? = (4mR%)o [ qus = 4nr2]
=
g @) oR2
- €9 4nr? o0 E=

gor
Let an electric dipole consisting of — q and + q charges is placed in

auniform electric field E .
F=+qE
> 4 4 4 4 4
E +q

"Q/B
7

N

F=—qE

Let the dipole moment p makesan angle @ with the direction of E .
Force on the charge —q=—qE

Force on the charge + =+ qE

These forces are equal in magnitude but act along parallel lines at
different points hence form a couple which tends to rotate the dipole
in the anticlockwise direction.
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As, torque = moment of force.
1 =Fx AB sin6 = (qE)(2a sinf) = (q x2a) E sinf
(p=qx2a)
=pEsind

o, t=pxE

4.  Electric field due to an infinitely long straight wire : Consider an
infinitely long line charge having linear charge density A. To determine
its electric field at distance r, consider a cylindrical Gaussian surface
of radius r and length | coaxial with the charge. By symmetry, the
electric field E has same magnitude at each point of the curved
surface S, and is directed radially outward.

E E E
2 A ds, 2

ds, & ds,
F A+ o+ +

Total flux through the cylindrical surface,
gSE.Is = {)Ed—sl+ 4) Eds, + 93 Eds;
5 Sz S3

= @Edsl.cos 0°+ qs Eds,.cos90° + qs Eds;.cos 90°
Si S S3

= Ejdsl =Ex2nrl As A is the charge per unit length
and / is the length of the wire, so charge enclosed, q = A/

By Gauss’s theorem,
Eds=
QSE‘dS_S or, E><21trl=M
S 0 €0
E= A
2ngyr

This is the required expression.

5.  Electric field intensity at any point outside a uniformly charged
spherical shell.
Consider a thin spherical shell of radius R with centre O. Let charge
+q is uniformly distributed over the surface of the shell.
Let P be any point on the sphere S, with centre O and radius .
According to Gauss's law
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Efds =L = pan? =L
GO GO

E=—L_4
4ﬂ80 I
Electric dipole moment is defined as the product of either charge of

the dipole and the distance between them.

ie. p=qx2l,where 2| isthe vector distance from the —ve to +ve
charge.

Expression for the electric field ofa dipole at a point on the equatorial
plane of the dipole :

Let there be a point P (on the equatorial plane of the dipole) at a
distance r from the centre of a dipole formed by two charges —q and

+q and having dipole moments p =2 cﬁ .
We have to find the electric field intensity at point P.

(S
-q 9 .
A S0 > B
— ] ———

Electric field intensity at point P due to +q (at B)

1 q
Eg = .——— along BP
4m <o (r2 +12)

Electric field intensity at P due to—q charge (at A)
1 q

Ep=—— ———

4n €y (r2 + 12)

Clearly, E, = E, in magnitude.

E, and E can be resolved into two rectangular components.
Components of E,

() E, cos6along PX

(i) E,sin®along PY

along PA

GP_3166
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Components of E
(i) E,cos0along PX
(i) E,sinOalong YP
Vertical components being equal and opposite cancel each other.
Therefore, net electric field intensity along PX
E=E, cosO+E, cos0 (- E,=E)
=2E, cos 0 along PX
1 q 1
=2, . .
dn 5 (rz + 12) Jr2 +12
1

p
E=
' 3/2
4 & 2412

or, along PX (- p=qx2l)

If1 <<r so that it can be neglected, then
! . % along PX

7.  For stable equilibrium, angle between p and £
6,=0°.
For unstable equilibrium 912 =180°.
Work done in rotating the dipole from angle 0, to 6,.
W = pE(cos6; —cos8, ) = pE(cos0°—cos180°)=2pE
8.  Let two point charges q; and q, situated at points A and B have
position vectors 7 and 7, .

S AP=7-7 and BP=7-5

\ 4

Electric field intensity at point P dueto q,

- 1 &
4mg |Ap|3
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10.

11.

1 ¢
4meg | BP|3
.. Net electric field intensity at point P,

(r-n)+

(r -n)
g | |- r1| Ir -rzl
(1) The direction of electric field is along X-axis as it should be
perpendicular to equipotential surface lying in Y-Z plane.
(i) Length of the dipole =2b
Asdipole’s axis is along the Y-axis.

Similarly, E, =

E=E,+E,=

Electric dipole moment p = g(2b) j
Electricfield g = g
w1=pxE=q(2b)jxEi = +2qu(]'><1°) = 2qu(—I€)

Torque |t|=2gbE
Net force F on g towards the centre O

=—kforx<<d.

Thus, the force on the third charge q is proportional to the
displacement and is towards the centre of the two other charges.
Therefore, the motion of the third charge is harmonic with frequency

\/ 4n80d3 \/7

3
and hence 7= 2—“ [M]

® q
Let there be a thin spherical shell whose centre is O and radius R. Let
o be the uniform surface charge density and q be the total charge
on it. The charge distribution is spherically symmetric. We have to
find electric field
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@

(i)

At a point outside the spherical shell, (r>>R):

Gaussian surfacce

Surface charge. -~ =

density ¢ \ P
b P AN

We have to find the electric field at a point P at a distance r
outside the shell. Let us consider a Gaussian surface in the
form ofa sphere of radius r (r >>R).

By symmetry, the electric field acts radically outwards and has
a normal component at all points on the Gaussian surface.
Therefore electric flux

¢ =E x A=E x 472 .. (0)
(- Aisthe area of Gaussian surface)
According to Gauss’s law

_Q_ocA_ox4nR?

o S %o % .. (10)
From equations (i) and (ii)
2 2
€p 3 2

e . €or . 4megr
At a point inside the spherical shell : In this case (r <<R) the
Gaussian surface drawn inside the shell does not enclose any
charge.

Gaussian
Surface charge gy rface

densily ¢

Hence, according to Gauss's theorem

-9._ . -
¢—80 0 (v aqn=0)

E x 4nr? =£ or E=0
€
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12. (a) Force on Q due to q, is given by,

- 1 Qq

- (-1
Fi 4neq |*_;1‘|3 !

r

F,
qi _N/’ 5

0 —? 473
Force on Q due to q, is given by,
1 A A
—- qu = (r _ r2 )

F2 = 4ne, |;_;;3

Let the force between the charge Q and g, be F3
Since the forces are in equilibrium

~F3 = Fi+F = 1 —qQ?13(r ;1)+*Qc}33(r—;2)
T <o |r—r1 |r—r2|
ML N e )
Aneo |IlF- 1) |r—r2|

Direction of net force will be just opposite the resulting direction
from q, and q,.

(b) Ifaspherical surface is imagined to be drawn with the charge q
at its centre, the total electric flux emanated from the charge and
passing through the lower half of spherical surface and hence,
passing through the surface of vessel is, (according to the
Gauss’s law).
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13.

14.

15.

Electric potential on the surface of connected charged conducting
sphere would be equal.
ie,v;=v,

La_ 1 g
dney np 4dngg
[Assuming g, and g, are charges on the spheres connected to each
other and r, 7, are their radii.]

4 _92 or Q.1 G
= S (!
n n 9@ n
Now, ratio of electric field intensities.
1 q

T2 2
E _4mo i _q 1

Ey, 1 @& g #

47[80.;*22
£ rlxr22
Y Fromeq. (i
5 n [From eq. (i)]
E_n
E, n

The surface charge density for a spherical conductor is given by,

Q

o=
4mr?
For spherical conductor R, the surface charge density,
il
O =
: 41tR12
Similarly, for spherical conductor R,, the surface charge density,
q
Gy = 2 3
41TR2

ﬁz(q_lJ R}
o, \@2 )\ R?

Since the two conductors are connected, we have,
q,=q

) 2
o _R_|Ry
o Ri (R
Let Q = Total charge on each plate of the capacitor,
A= Area of each plate,
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()
|
©)

F¢—1=—F

+ + 4+ + + + 4

d -

a

Suppose the plates of the capacitor are almost touching each other

and a charge Q is given to the capacitor. One of the plates, say a, is

kept fixed and other say b, is slowly pulled away from plate a to

increase the separation from zero to d. The attractive force on the
2

plate b at any instant due to first plate is given by, F = 2Ae
0

The person pulling the plate b must apply an equal and opposite
force (F) in the opposite direction. If the plate is moved slowly
Work done by the person during the displacement of the second

Qd Q@
2A£O 2C

plate, W=F.d=

Ag . o
Here,C= TO which is the capacitance ofthe capacitor in the final

position.
The work done by the person must be equal to the increase in the
energy of the system.
Q2
Thus, the capacitor has a stored energy, U= >c
Now, if we pull the plates of the capacitor apart, we have to do work
against the electrostatic attraction between the plates.
When we increase the separation between the plates from d, to d,,
2

2A80
much energy goes into the capacitor.
On the other hand, new electric field is created in a volume

an amount

(dy —d;) of work is performed by us and this

A(d,-d)). . . .
The energy stored per unit volume is thus given by,
_ Q*(d,-dy)
u 2A£0
Q?

A(dy—d))= —=—
(2 l) 2A280

GP_3166
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16.

17.

18.

2
L( Q) _1 2
= 2£O(A£0) = ESOE

Here, E is the intensity of the electric field.
The potential at a point due to the dipole is the sum of potentials due
to the charges q and — q.
Let these be a dipole consist of charge +q and —q separated by a
small distance {. We have to find electric potential at point P along
axial line.
— 2 —>
er—t2>
T in m i

¥ >

- )
41:80 r—20/2 r+f/2 dmgy L rt -0 /4

As (<<r,
(ma)?
V= 47[80 r2
_)
0 BT AE
+q <d_l

Consider two points A and B in the electric field of point charge +q.

Tomove a test charge q,, from A to B, the applied force =-q,, E

Workdone=-q,, Ed(= —-qoEd{cos180°=q,Ed/[ . cos 180°=-1]
=-qoEdr [+ df=-dr]

work done — _Edr
do
Potential difference between A and B
dV=-Edr
E=-dV/dr

Consider an electric dipole consisting of two equal and opposite
charges — q at A and +q at B separated by a small distance 2a, as
shown in figure.
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Lo OEA

19.

The torque experieﬁce& by the dipole in a uniform external electric
field E atan angle @ with the direction of E is,
7= pEsin6.
It tries torotate the dipole. Small amount of work done in rotating
the dipole through a small angle do against the torque is,
dW= 1=d0 =pE sin 0.d0
- Total work done in rotating the dipole from orientation 6,t06, is

)
W= I pE sin 0 d6 = pE[-cos e]gl2 = —pE[cos0, —cos 0 ].
0
Potential energy of dipole, U = —pE[cos0, —cos 6, ].
When the dipole is initially at right angle to E, then 8, = 90° and
0,= 0 (say)
U=-pE (cos 6 — cos 90°) =—pE cos 6 = —l; E

Let three point charges q,, g, and g5 have position vectors ry, 1,
and 7.
3

GP_3166
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20.

21.

Potential energy of the charges g, and g,.

Upe L 992 _1 &%
12 dmgy |na| T 4meg |n -

i.e., when a third charge g; is placed at ; then work done is stored
as potential energy.

U L @@ 1 g
23 47[80 ' |r3 - r2| 4 31 47[80 ’ |r3 —r1|

.. Net potential energy of the system U = U, +Uy3+Us;

_ I:‘II‘IZ L D, a9 ]
4ng |r2—r1| |r3—r2| |r3—r1|

By definition, electric potential energy of any charge g placed in the
region of electric field is equal to the work done in bringing charge g
from infinity to that point and givenby U=gqV

Now, considering the electric potentials at positions 7, and , as V;
and V, respectively. Therefore, total potential energy of the system
of two charges q, and q, placed at points with position vectors 7,
and r, in the region of £'is given by

U=Work done in bringing charge q, from infinite to that position in
E is equal to work done for charge g, from infinite to that position in
E + work done to that of charge g, at these positions in presence of

9

99

ie, U =q1V1 +q2V2 = 41];30 '|r2 r|
-1

A parallel plate capacitor consists of two large plane parallel
conducting plates separated by a small distance d.
S

—>
<
s + I
[ —_—
<= B !
+ I
o
+ |
+ |
+ I
+_>|
+ I b
© + |
z | M z
5 - 5
0 0
X X
“gs “gm
2R 2R
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22.

Let A be the area of each plate and d be the separation between
them. The two plates have charges Q and —Q. Plate 1 has surface
charge density, = Q/A

And plate 2 has a surface charge density —

Electric field in, outer region I,

G o _
Similarly, electric field in outer region II,
6 o
B 26,

In the inner region between plates 1 and 2, the electric fields due to
the two charged plates add up.
c c o Q Q
E = + _—— ==
2g, 285 €, & EA

The direction of electric field is from positive to the negative plate.
For uniform electric field, potential difference is simply the electric
field times the distance between the plates.

1 Qd

Capacitance (C) of the parallel plate capacitor,
_Q_&A

VvV d
(@) Let C, and C, are the capacitances, q and q, are the charges,

and v, are potential of the capacitors respectively.

q,= C1V1 and @,=C,V,
Before sharing, total charge=q, +q,
=C,V,+C,V,

When the capacitors are joined by a wire, charge will flow from
higher to lower potential till both the potentials are equal. This
equal potential is called common potential (V)

If q') and q', are charges on C, and C, after redistribution of
charges, then

=C1Vand Q'z = C2V
Total charge after connecting them together remains same as
before.

q=4'1 +q', =C,V+C,V=(C, +C)V
(C,+C)V=C,V,+C,V,
_ ClVl +C2V2
C1+C2

GP_3166
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1 1
(b) PE. before sharing= 5C1V12 +5c2vz2

1
PE. after sharing= %clv2 +%c2v2 =5 +Cy)V?

-1 +c2)[

ClVl +C2V2 ]2 _ 1 (CIVI +C2V2 )2
2

C1+C2 2 (C1+C2)

1(C Vi +CaVp)?

1 1
. Loss of energy = ECIVIZ "’5(:2\'22 T2 (G +Cy)

1

= 26, +G) [(C1Vi2 +CoV,%) (C+Cy)
~(C1V; +C, V5]

_ 1

2(C1 + C2 )
[C12V12 + C1C2V12 + C1C2V22 +C2V22
- CfVi2 - C3V,2 -2C,C,V, V]
T2C 1 Cy) & (V2+V,2-2V,V))

= &(vl ~V,)? =Positive
2(C,+Cy)
. Energy is lost due to sharing of charges.
23. Let V, and V, be the potential differences across the series and
parallel combination of two identical capacitors each of capacitance C.
Equivalent capacitance in series combination

c,-<
Equivalent capacitance in parallel combination.

c,=2C
According to problem Us=U,

1 a1, 5 v: C, ac
or, ) s’s ) p'p = Vg CS (C)

2
2
L. 4= Y _ 2

2
v,
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24.

25.

Let V be the potential difference between the plates and E  the elec-
tric field :

I~

P1 - P2

|+++++++|
m
[=]
m
o
I

- |

_V__a
d Ag
where q is he charge and A is the area of the plates.

Eo

d
When a slab of thickness t = — is introduced between the plates,

2
then potential
d d
V=E (d——)+E.— i
0 ) > (1)
where E is the elctric field inside the dielectric of dielectric constant K
g Eo
K
Putting this value of E in eq. (i)
d Eyd Ed ( 1 )
V=Ej—+—— V=——|l+—
k2 T 2 UK

Ag 2U7K

Therefore capacitance,
2A
C= % = —e?
d [1 + —)
K

The capacity of condenser is proportional to the area and inversely
proportional to the distance between its plates. If a medium of
dielectric constant X is filled in the space between the plates, its
capacity becomes K times the capacity when there is air between the
plates.
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26.

27.

After inserting the dielectric medium, let their capacitances become
C; and Cj.
For C;, C; = KC
Kigo(A4/2) . KyeqAl2
d d

¢ _20AlK K
d |2 2

c = c| K1tk o=l
2 2 d

According to question,
G=C

For C,, C'z =

Ki+K
KC:C( 142_ 2}:}01', =K1+K2

After introduction of dielectric medium of dielectric constants K
and K, capacitor acts as if it consists of two capacitors, each having

. d . . L.
plates of area A and separation Py connected in series combination

for
1 1 1
L —= +
C2 K180A K280A
d/2 d/2
1 1 1 1
= +
G, (=d) 2K 2K,
d
11 [Ktk Y
C, 20| KK, IR
2K K.
or, C2=C1 122
K1+K2

Magnitude of electric field at any point on the axis of a uniformly
charged loop is given by,
A rR .
= ...
2 GO é ( )
(r2 +R*)?
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Loop 1 Loop2
E
0
R R/
A +A

28.

< R\/3 >
Electric field at the centre of loop 1 due to charge present on it
is zero. [From (i), when r = 0]
Hence, electric field at the centre of the loop 1 due to charge
present on the loop 2 is,
2
L (RVAR xR\/EDE_\E&

2 ¢ [(R\/§)2 +R2]3/2 28, 8R3 16€y R
The direction of this net field is from loop 2 to loop 1 as shown.
We have to calculate the field intensity (E) at a point P on the axial
line of the dipole and at a distance OP = x from the centre O of
the dipole.

A B E, E,
B I B
X
(x+1D

Electric field on axial line of an electric dipole
Resultant electric field intensity at the point P is

Ep = EA + EB
The vectors E, and Ej are collinear and opposite.
Ep = EB - EA

1 q
Here, E j=————
4mey (x+1)

1 q
EB = .
471280 (x—])2

E,=—t |4 4 |
Podmeg | (x-1)?  (x+1)?
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29.

1 4qlx
4meg (x% -12)?

1 2px

Hence, =——F5—— (asp=2q)
p 47[80 (x2 _12)2
. . 2p
If dipole is short, 2/ << x, then E, = 3
4meyx

We are given two similar large plates separated by a small distance
(d)and having area (A).

Surface
charge density ¢ 1 Area A

S R

 ——
Iy
Surface 11
charge density o
Let charge on each plate be Q
Surface charge density of plate 1, 6 =Q/A, and that of plate 2 is —o.
Electric field in different regions :

Outer region I,
- % _° _
280 280
Outer region II,
- % _° _
280 280

In the inner region between plates 1 and 2, the electric fields due to
the two charged plates add up. So,

E = i +i - g - g

280 280 ) 8014

The direction of electric field is form the positive to the negative
plate.
(b) For uniform electric field, potential difference is simply the

electric field multiplied by the distance between the plates,

19d

ie. V=Ed=80 y
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(c) Capacitance C of the parallel plate capacitor,
e Q_ 0 _sd
v 0d d
g04
30. Figure shows, aring of radius a that carries a uniformly distributed
positive total charge Q.

dQ = Adl
dl

Vi P dEcosd

M ) > lg
’ dE
j dEsing

4
Let there be a point P on the central axis of ring perpendicular to the
plane of the ring, at which we have to calculate electric field Intersity.
As the charge is distributed uniformly over the ring, the charge

density A = %

Along the x-axis, the perpendicular components of the electric fields
due to each other will cancil out.

As there is same charge on both sides of the ring, the magnitude of
electric field of the segment of charge dQ is given by

-k, 92
T
d
E, = ring k—?cose c0s0 == from AOPA
r r
2 2
- ""‘kﬁi_kx 4 = k-2 X o
0 2 0 2ma
X
Q5 =kQ——
T ea?)

1. Atthe centre of the ring, the electric field is zeroas x =0.
2. When x>>a, acan be neglected in the denominator compared
to charge at large distances.

E=kQ———=E o1, E= kx%, (wx>>a)

GP_3166
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31.

Electric fields due to a uniformly charged infinite plane sheet: Suppose
a thin non-conducting infinite sheet of uniform surface, charge
density o .

Electric field intensity £ on either side of the sheet must be
perpendicular to the plane of sheet having same magnitude at all
points from sheets.

A A
n n
? T F
dsA ( (b)Ads
n P n
o I o
n n
—F—— i1 r »

Let P be any point at a distance r from the sheet. Let the small area
element ds = dsh.

E and n are parallel on the two cylinderical edges P and Q, which
contributes electric flux.

Electric flux over the edges P and Q of the cylinder is2¢

Ta._ 4
= ZC'ﬁE.ds:g =2Enrt=4

=)
Ee_ 9
2n g r?
Charge density, ¢ = SN g=m ?o [ Where S—area of circle]
s
2
E="C_
2rgy r
E-= S , Vectorically E=-"n
2 =) €0

where 7 isa unit vector normal to the plane and going away from it.
When o > 0, E is directed away from both sides. Hence electric field
intensity is independent of 7.

32. Consider an electric dipole consisting of two point charges +q and —

q separated by a small distance 2a.
Electric field intensity at point P due to charge —q
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L q _ 1 g4
U 4mey, AP*  Amgg (r +a)?
It is along PA.
-q +q E. P E2
A 2a. B

L r |
I 1

Electric field intensity at point P due to charge +q

L g 1 g4
2~ 4mey BP?  4mgg (r—a)’

E

It is along BP.
Hence, the resultant field E=E,—E,

_ 1 qg 1 q
41t80 (r—a)2 41t80 (r+a)2

_ g [ 1 1 ]__4 [L}
- 47g, [(r—a)2 - (r+a)2} dmeg | (P —a®)
. q 2ax2r
Now, the dipole moment isq x 2a=p
P 2r
= E (r2 _a )2
33. Let V|, be the potential at the point in front of the large thin plane

sheet. This point is at a distance r from its surface.
dV=E-dr

c
s Vy=V= Er =W (Work done)

34. ByKirchhoff’s current rule
I1=1 1 +1 2
Across cell E,, potential difference (V)
V=Vg, ~Vg =E-1Lp
Across cell E,, potential difference (V)
V=Vp, Vg =E~hn

i n

E

GP_3166
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36.

1=[Q+QJ_V(L+LJ
H n H B

% HthH _ E1r2+E2r1 _J
ul) ul)

_ (E1r2 +E2r1\ _1( 516 \
htn htn

vV

Let equivalent emfand equivalent internal resistance of combination
then potential difference across combination is by

areEeq and Tog
V=Ey-Ir,
On comparing we get,
Ery + Eyn Kr
E,y= 2 22N d og = )
n+n h+n

Net emf of combination =E —2E + 5E =4E
Netresistance=r+2r+3r+ R =6r+R

_4E
6r+R
Let R be the external resistance and r be the internal resistance ofthe
cell of e m.fE.
= } W\ MMA
A4 I r N I
YWAWAWWAA
R
A%

In closed circuit, total resistance of the circuit=R +r

= I =
Current Ror

Potential difference=V=E-Ir

(Ir=Potential drop across internal resistance)

E-V
Ir=E-V = r= 1
Byohm’slaw, V=IR
\Y

R

Gk
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37. The circuit diagram for comparing the emfs of two cells has been
shown below.

E;?HKz

When the key K. is closed, the galvanometer is connected to the
cell of emfE, in the circuit. The jockey is moved on the wire to obtain
a balance point, i.e., a point on the wire where the galvanometer
gives zero deflection. Let the balancing length be L. Therefore, by
the potentiometer principle,
E <L, (1)

Now, the key K, is closed. The galvanometer is connected to the cell
of emf E, in the circuit. The jockey is again moved on the wire to
obtain the balance point. Let the balancing length be L,. Then by
potentiometer principle,

E, L, (i)
Dividing equation (i) by (ii),

E_L

E_2 = E ..(1ii)

This is the required expression for comparing emf's.
Knowing the values of L; and L,, the emfs of the cells can be
compared.

38.

GP_3166
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40.

The currents in different branches are shown in the figure according
to Kirchhoff’s first law.
In the loop ABDA applying Kirchhoff’s second law,
I[[P+IgG-(I-I)R=0 ... 0]
[G= Galvanometer resistance]
In the loop BCDB,
(I,-1g)Q-(1-1,)S-1gG=0 ........ 2
In the balanced condition of the bridge the value of R is so adjusted
that the galvanometer shows no deflection,
el =
i'bumngl =0in(1)and(2)
[[P-(I-I)R=0= I[,P=(I-I)R ... 3)
IlQ—(I—Il)S=0 = IlQ=(I—Il)S (@)

P_R
Dividing (3) and (4) we get, ~ Q- S
Drift speed and relaxation time are related as:
eEt
Vy=———
m

As current [=—ne Av,

m
2
jone A (K] ( £ =ZJ
m \l 1
Vo ml /
=  S=—3—=p—=R
I n’m A
p=—"12
ne*t

When potential difference V is applied across the conductor, an
electric field is produced and the electrons are accelerated from one
end to the other. On the way, they suffer collisions, come to rest and
are again accelerated. Thus, they drift from one end to the other with
a very small velocity called the drift velocity and is denoted by v,.

E—>
<Qe <Oe (
—

ty=

I
\Y
Let n=no. of electrons or charge carriers per unit volume
a = area of cross-section
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I = current through the conductor
t = time taken by the electrons to drift from one end to other
end of the conductor.
Clearly, in time t, whole charge Q will move from one end to the

other.

Now, Q=Ne, where N is the total number of electrons
=a x[Ixne

or Q=nale

)
Currenti=g=&le or i=naev, |“Vq=-—
t t d t

41. Total resistance between A and B

Ro. o *Ve
R g = 2 _ RRy
R+ R0 2R+Ry "l
2 B’—[ -

R
Total resistance between A and C

R RR R
- ] B

2 2R+Ry 2
The current through the potentiometer wire
\Y%
[=——
Rac

The potential difference between A and B

Vap=1 Ryp =L><RAB
Ryc
14 9 RR,
RRy Ry (2R+Ry)
R+R, 2
_ 14 y RR, _ 2V RR,
2RRy +Ry(2R+Ry)  (2R+Ry)  Ry[2R+2R+Ry]
22R+Ry)
2VR
Rg+4R
42. 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.

VAB=

GP_3166
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U t+uy+..+u,

Average thermal velocity, =

| s

Free electrons in a conductor move with the same speed but in
random directions. Thus, the average velocity of all N electrons will
be zero.

1<
ﬁ;vj:o

When an electric field (£) is applied across the conductor electrons
will be accelerated towards the positive end.
- —ekE

m
Where — ¢ is the charge and m is the mass of an electron. As electrons
move, they suffer collision with the heavy fixed ions. The collisions
of the electrons do not occur at regular intervals but at random
times. The average value of time between successive collisions is
known as relaxation time (7).

The average velocity of N electrons at any given time ¢ is called the
drift velocity (V).

= = eE ek
Va=Wi )avera:gf _7(1(1' )average =0- 71
or, _[7‘1 = —e—Et
m —

. L= E
Hence average drift velocity, V 4 = £= T
Magnetic field induction a point P on wire 2 due to current
Wire 2 Wire 1

<
«

21 = :
4nd = 1P
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44.

As the current carrying wire 2 lies in magnetic field produced by wire
1, the unit length of wire 2 will experience a force, which is given by

_ o2 Bo 251,
F, =Bl x1 an d (1)
According to Fleming's left-hand rule, the force on wire 2 acts in the
plane of paper perpendicular to wire 2, directed towards wire 1.
Similarly, wire 1 also experiences the same force towards wire 2.
Thus, both the conducting wires attract each other with the same
force F.
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

u= u;+uy +....+u, _

Here,

m — Mass of an electron
¢ — Charge on an electron
Drift velocity is given by

n
Here,

Uy,U, — Thermal velocities of the electrons

at;,at, — Velocities acquired by electrons
T,, T, »>Time elapsed after the collision

n n

. Gy +Uy) +....+1
Since 270 —,
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Sovg=at 3)
ti+ty+t3 = +t, . .
Here, t= " is the average time elapsed.
Substituting for g from equation 2
. —eE
Vq= —t ...... 4
4= 4

Because of the external electric field, electrons are accelerated. They
move from one place to another and current is flowing from one
direction to other.

For small interval dt, we have

Idt=—q

Let n be the free electrons per unit area. Then, the total charge
crossing area A, Idt = neAv dt

Substituting the value of v, we get

2
e n%|E| T Here, J is the current density.

From Ohm’slaw, J=cE
Here, o is the conductivity of the material through which the current
is flowing.

2

Thus, ¢ = ne—T
m

1
We know, resistivity, P = S (resistivity is reciprocal of conductivity)
Substituting the value of conductivity, we get

m

ne’T
Here, T is the relaxation time.
45. For balancing length /, the condition is

R I}

51001, -
When a resistance x is connected in parallel with S, the net resistance
becomes
XS

Sen™ X+S
For balancing length /,, the condition is

R I
~100-1,

S

new

CREX+S) _ b .
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From eqn. (i) and (ii)
A 5 X xS _ L
100-4 x  100-7
. X+S _ l2 « 100_11
X  100-1/, I
X+S 5L(100-1) S 5L (100-1)

X 4(100-5) = x = ha00-0)
.S _hLaoo-t) . 5h(00-1)-h(100-1)
X L(100-1,) 1,(100-1,)
X ,(100—1,)
S L(100—1)-4(100-1,)
1,100 - 1,)

or, X=8 x 7 100 1,)~,(100-1,)
46. Let n be the number of turns per unit length of the solenoid.
I is the current through the solenoid.
At a point outside the solenoid the magnetic field is almost zero.
Consider a rectangle PQRS where PQ=L
Line integral of magnetic field over PQRS

=
=
o
~i
1]

o]}
o
)
+
st}
o
|
+
o —
o]}
o
)
+
U2 ey Y
o]}
o
)

Bd/ cos 0°=BL

U

O—T O

ot}

o

)
1

Bdl = |Bdl = I Bd( cos 90°=0
/,——6—~\\\
S Vs ™
> j Bdi=0 ® ™
I \\\ //
> S S S -
(- outside the solenoid B=0) S . R

Cj)ﬁ.dZ:BL 3 ? Q
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47.

48.

By Ampere’s circuital law,
BL= p xtotal current through PQRS.

BL= pj xno.ofturns inrectangle x I

BL= pg NLI = B= pynl
From Biot — Savart’s law, the magnetic field due to an element of
length 2/ of the current carrying conductor

_ Mo Id(sin® dif—¢

dB
47 r2

Here g =90° (- ¢ istangential, angle between the radius and the
tangent is 90°)

- dp=to 1
4n 1'2
. Total magnetic field at the centre O due to the whole circular coil

I
=B=.[dB= ”02 Idﬁ — ol .2m=”_01
Anr 4mr? 2r

. _ honI
For a coil of n number of turns, B = T
It is perpendicular to the plane of the coil and directed inwards.

Magnetic field at O due to circular coil 1 carrying current i is,

B LI.O 1 R2
1575 —23/2
2 (xz +R2 )3 /2
The magnetic field acts along the axis of the coil. It is directed towards
the coil 1.
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Magneticfield at O due to circular coil 2 carrying current i is,
Mo i R?

2 (xz +R2 )3/ 2

It acts along the axis of the coil, vertically upwards.

Resultant magnetic field at O will be

B=B+B,> =2 B,
2 ( Th 1R2 \ Mo II{2
- LZ(X2+R2)3/2J \/_( +R2 3/2 -

B2=

49. A cyclotron is a device used to accelerate positively charged particles

like proton, electron etc.

HE
Oscillator

A

S |
The positive ion to be accelerated is produced at P. Suppose, D, is at
negative potential and D, is at positive potential. Then the ion will
be accelerated towards D, . Inside the dee D,, it will move with a
constant speed. Due to perpendicular magnetic field B, the ion will

2
describe a circular path of radiusr in D, given by Bqv= o
T

Where m and q are the mass and charge of the ion.
my
r= Bq -

2nr 2m mv  2mm

Period of revolution, T= - TB_q = B

Clearly, the period of revolution is independent of the speed of the
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50.

F, A o
% F,
B g
> >
Vit R

cl— v (F,)=BIl

charged particle. The alternating p.d accelerates the particles in the
gap and the magnetic field makes them to move in circular path.
Let there be a rectangular current carrying loop ABCD placed in a
uniform magnetic field B as shown in figure.

The loop can be considered to be consisting of a series of a straight
line segments. We will find that the total force acting on the loop is
zero but there is net torque acting on it.

Let the forces acting on the various sides of the loop be F, F;, E

and F, as shown.
-

1
. 4
_)
- B

v =
F

2
It follows from the expression for the force experienced by a conductor
in a magnetic field that force on arm AB is

F = I(ABxB) ..(i)

Here, I (AB) is a vector in the direction of the current. In accordance

with Fleming's left hand rule, this force acts in the plane of the paper
and is directed upwards as shown in figure.
The force on arm CD is

F, =1(CDxB) ..(ii)

Here, [ (CD) isa vector in the direction ofthe current. In accordance

with Fleming's left hand rule, this force acts in the plane of the paper
and is directed downwards as shown.

The sides with length 'b' i.e., AB and CD make an angle (90°— 6) with
the direction of the magnetic field. Therefore, the forces acting on
these two sides given by equations (i) and (ii) are equal and opposite.
Since, these two forces are equal and opposite and have the same
line of action therefore, they cancel out each others effect and their
resultant effect on the coil is zero.

Now, the force on arm BC is

F; = I(BC x B) ..(ii)

Here, I (BC) is a vector in the direction of the current. In accordance
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51,

with Fleming's left hand rule, this force acts perpendicular to the
plane of the paper and is directed downwards.
Finally, the force onarm DA is

F, =I(DAxB)  ..(iv)

Here, [ (DA) isa vector in the direction ofthe current. In accordance

with Fleming's left hand rule, this force acts perpendicular to the
plane of the paper and is directed inwards.
Forces F; and F, make an angle of 90° with the direction of magnetic
field. Therefore, in magnitude these forces are given by
F;=F,=I1Bsin90°=I1B ..(v)
The lines of action of both these forces are perpendicular to the
plane of the paper.
The two forces F; and F, lie along, different lines and each gives
rise to a torque about the X-axis. The two torques, produce a resultant
torque in +X direction.
Arm of couple =bsin 0 [From fig.] ...(vi)
By definition of torque
Torque = either force x arm of couple
Using equations (v) and (vi)
Torque=1Baxbsin0
But ab=A, area of the coil, therefore, torque
1=IBAsin0
When a charged particle enters the magnetic field at right angle,
then the particle experiences a magnetic force due to which it follows
acircular path.

X

e —p X X X X

Circular

Path
mv
Radius of the circular path, r = q_B

For same speed v, and same charge, magnetic field » o< m
As, m, < mp
= therefore, 7, <7,

The curvature of path of Proton is much more and in opposite
direction of the curvature of path of electron.
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52.

53.

54.

The magnetic moment of a current carrying loop

m=1I4=IPn
where, A = area of the loop (square)
A=Pn

Here, n is unit vector normal to the area.
A galvanometer is converted into an ammeter by connecting a low
resistance (shunt) in parallel with it.

I
1.
AT\ B 7
Let I be the total current through the combination. I, and L be the
currents through the galvanometer and the shunt respectively. G
and S are the galvanometer resistance and shunt resistance
respectively.
Here, [=1,+L
Potential difference between A and B are same
[,G=I8 = [,G=(I-1)S = L(G+S)=IS

I
1g=1( 5 Jand S=|—2-|G
G+S I-1g

The range of the ammeter is 0 to IA. The effective resistance of the
ammeter
1 1 1 SG

—=—+—>R=

R S G S+G

Let two straight wires of infinite length

are carrying currents, /; and I, in the 1 2

same direction and separated, by o o x | x
distance d apart from each other. 1
The magnetic field due to wire 1 atany A ®| ® X | X
point on wire 2, is perpendicular to | o] o x | x
plane of paper and directed inward.
o o x | x
g =to2h
- ® [ ) X X
dn d . L A Al
Magnetic force on wire 2, o| o X X
in L length of it. «— d —>
F, = I, B Lsin 90° N
2 2 e| o F F2 X XB
1
=1 “_O.ﬁ L of o x | x
4n d
o o x | x
B = Ho 251y

4t d
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5S.

56.

Similarly, force on wire 1 duetowire2is F = Z_O%

n
Thus, the nature of force is attractive.
Toroid is a hollow circular ring on which a large number of insulated
turns of a metallic wire are closely wound. The direction of the
magnetic field at a point P is given by tangent to the magnetic field
line at that point.
Let B is the magnetic field in the open space interior to the toroid.
Considering a loop coplanar with toroid of radius x such that x <R
(radius of toroid) as shown in the figure.

Applying Ampere’s circuital law over loop, we have

(ﬁB.dl = pg x Current passes through the loop
But no current passes through the loop.
o $Bdl=pgx0=0

Therefore, magnetic field, B=0
This is the magnetic field exist in the interior oftoroid.
Magnetic field induction at the mid-point due to current loop 1 is

_po  2mR? polR2

1= 4‘": (R2 +R2 )3/2 - 2(2R2 )3/2 ?
acting towards right.
Magnetic field induction at the mid point due to current loop 2 is

uoIR? HoIR?

Total magnetic field induction is

B2=

> acting towards right.
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KolR? wolR2  peIR? gl

+ = =
22R?)Y?  22R?? 2J2R? 242R
57. Let these be a current carrying loop of radius a. Current flowing

B= B1+B2=

through the loop is I,
A E
N —
dﬁc . 2dBcose dB
2
a {*a 0
9 X
; o x OL—PR dBsin0+dB' sin 0
Fo>
D d¢ v dB
dB’ cos 0

Consider two small elements of coil of length d/ each, at C and D
diametrically opposite to each other.

PC=PD=r

= Ja2 4+ x2 and ZCPO=~/DPO=6

Magnetic field at P due to current element (¢ at
Mo Idlsin90° [0 =90°]
41[ r

qp = Mo 1df Id¢ _ko Id¢

4n 2 CAn (a +x2)

Direction of dB is along PE perpendicular to CP.

C=dB=

Ho

Magnetic field at P due to current element d¢ at D=dB’' = .

1d¢sin90° _ po _ Id¢

acting along PF | DP.

r2 4n (a 2 +x?%)
47‘ (a +X )

Resolving dBand dB' in rectangular components,
() dBcos6 along PY and dB sin6 along PX

(i) dB'cosO along PY' and dB'sin6 along PX
Cosine components being equal and opposite will cancel each other.
Total magnetic field at P due to current through the whole circular

coil.
Id(sin6
B= [dBsing = [-FOSEE
4m(a +x°)
Isin®
=%J‘df [+ sind= —2__ and J‘dﬂ =2nal
4n(a” +x7) a2 +x?
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Bol a
= . 2na
41t(a2 + x2) (a2 +x2 )l/2
pola’

58.

= ————— along PX
Ifthere are n number of turns of the coil,
2(az +X2)3/2 4n x3 4t x3
[Here A= 7 a®=area of the coil and x >>a
a2 +x? ~ x?, M= nlA = magnetic dipole moment of the coil]
Let there be a compass needle of magnetic moment m and pole
strength p is placed in a uniform magnetic field.
Magnetic momentm =P x 2]
where 21 is the magnetic length.

Xt X N X
B
X[ _x 0%/ P
A s
7 X
X /S X X
TPBx S x X
Let the needle is turned through an angle 0 from the direction ofthe
magnetic field, both north and south poles experience a magnetic

force pB but their directions are opposite. These two forces form a
couple

7

1 =either force x arm of the couple
=pB xNT

%: sin® or NT=2/sin

1=pB2/sin0=(px2/)Bsin6
As px2/=m
* 1=mBsin6 (D)

This torque tries to align the magnet in the direction of the electric
field. And due to inertia, it over shoots the mean position and begins
to vibrate in SHM.

Also, 1=la .. (i0)
o is the angular acceleration and I moment of inertia of the needle
about the axis.,
Therefore, from e.q. (i) and (ii), we have

Ioo =—mB sin 6 (—ve sign shows it is a restoring torque)
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59.

60.

=-mB0

-mB0
or, a=—

o oc—0
Thus, motion is SHM
Time period T is given by

B 0 ’ 0 , I
T—Zﬂ\/;—ZTC mBo or T=2r E
I

This is the required expression for its time period.
Length of wire = Circumference of semi circular loop.

L=m or, r=£

T
Considering a small element d/ on current loop. The magnetic field
dB due to small current element /dl at centre C. By Biot-Savart law,

4= Mo fdl
4n r2
Net magnetic field at C due to semicircular loop,

Mo ldl _po I
B=(2= =20 Z|al
{41[ r2 41 7'2{

Mo 1
B=——(L
4 r2( )
_ko IL L
i [
(L/m) T
p=bolm
4L

This is required expression.
Let n be the no. of turns in both coils. Magnetic field B, at the centre
Ko . 27t nl

of circular coil X of radius R carrying currentlis B; = I
T

and magnetic field B, at the centre of circular coil Y of radius %

carrying current I is
_ Mo 2mnl; _ po 2mn )
2741 R/2 4 R
Since the total magnetic field at the common centre of two coils is

ZEro.
B, =B,
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61.

Mo 2mnl; Mo 27nl I
= —2= = =—.
R an R CCAThorhi=o)
Let PQRS be the current carrying wire, through which current I is
flowing.

_)
Q = v (F,)=Bll

Here PQ=RS = ¢=Ilength of the coil
QR = SP =b=breadth of the coil

0 is the angle between plane of the coil and B.
R,F,,F;,F, areforceson four arms PQ, QR, RS and SPrespectively.
F, =I(SPxB) = IB(SP)sin (180° - 0)=IbBsin0

F, =I(QR xB) = F,=IB(QR)sin0=Bsin 0

They are equal in magnitude but opposite in direction, and will cancel
each other.

F =1(PQxB) = F,=1B(PQ)sin 90°

=ILB(~PQLB)
This is perpendicular to the plane of the coil and directed outwards.
F; =I(RSxB) = F,=KRS)Bsin 90°

=IB(~ RSLB)

This is perpendicular to the plane of the coil and directed inwards.

They are equal, parallel but oppositely directed along their line of

action, so they will form a couple which will try to rotate the coil in

anticolockwise direction about its axis.

Torque on the coil = moment of the couple

= F X ;

= 1=HKBxbcos6 [ - perpendicular distance between the
force =b cos 0]

= 1=IBAcos 0 where A= ¢p =area of the coil

Hthe coil has n number of turns, T=nIBA cos 0.
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62.

63.

64.

If the angle between the normal on the plane of the coil and B is o
then, 6 + a=90°

= 6=90°-a

= ¢0s0=cos(90°-a)=sina

1=nIBA sina=MBsino= |Mx]§|
When M = magnetic dipole moment of the coil =nlA
Lorentz force act on the charged particle due to electric and magnetic
field, i.e, F=qE+q(vxB)
For undeflected motion, F=0
Therefore, gE + q(v x B)=0
= E+(vxB)=0

E=—(vxB)
= |E | = |—v x B |

E=vB sin0, when 6 =90°

v=E/B
The combination of crossed electric and magnetic fields is used to
increase the energy of the charged particle. Cyclotron uses the fact
that the frequency of revolution of the charged particle in a magnetic
field is independent of its energy. Inside the dees the particle is
shielded from the electric field and magnetic field acts on the particle
and makes it to go round in a circular path inside a dee. Every time
the particle moves from one dee to dee to the other it comes under
the influence of electric field which ensures to increase the energy
of the particle as the sign of the electric field changed alternately.
The increased energy increases the radius of the circular path so the
accelerated particle moves in a spiral path.
Since radius of trajectory
mo - rqB
B -
Hence, the kinetic energy of ions = %mv2

lmrzquz _lr2q232

2 m2 2 m

A charge g projected perpendicular to the uniform magnetic field B
with velocity v, then by fleming left hand rule a perpendicular force,
F = qv x B, acts on the particle which provides the necessary

centripetal force.
Due to which the path followed by charge is circular
2
or, qu=ﬂ r=m
r gqB
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65. LetN be the number of turns and I be the current passed through the
toroid. r be the average radius. If the coils are closely spaced, the
field inside the toroidal coil is tangent to the dotted circular path and
is same at all points.

o
-

.  Winding

Circular
ring
By Ampere's circuital law,
$B.dL =B ¢$dL = B(2nr)=poNi
noNI N
B= = poNI n=—
or 27nr Ho [ 27r

(number of turns per unit length)]

This is the expression for magnetic field inside a toroidal solenoid.

66. Let the length ofthe arm PQ be / moving towards the end RS with a

velocity v in a uniform magnetic field B. As PQ moves there takes
place a change of magnetic flux and hence an emf'is induced.

X X - 9y 21K
S ]
X Pasit 1K X
4 %
X X «— = X X
T 1 a3 B e
R |

Mo G- B s x UK
X X X X X X X

Let the PQ is moved by a distance dx in small time dt, then
Change of flux =-B /dx

=B 4 prax) =&y
dt dt dt
The end P of the rod will become +ve and the end Q is —ve.
e Blv

(i) Current in the loop, 1= = - :
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67.

68.

(i) Force acting on the loop
B21%v
r
(iii) Power required to move arm PQ against the backward force F,

B21%y = B213v?2
r

BI
F=Bil = BTVI or, F=

P=Fxv=

Given : Energy stored in a solenoid, W = %LI2

Now, L= p0n2 Al and fromB=p,nt

- B
Kol
Therefore magnetic energy
2
Ug=W-= Lip. l(luon2A1)(i) -1 g
2 2 Hon 2u0

When a charge q moves with velocity v in a magnetic field of

strength B, making an angle q, then magnetic Lorentz force,
F=qvBsin0

X XCx x x xPx x xDx

X X X | X -E-'_X X X X
€
X X X I X X X X X
X X X X X X X X
X X X X X X X X
X X X | X X X X X

F

X X X |Ix|_Mx x x x

xMx x x xQx x xNx

X X X X X X X X
X X X X X X X

<
X X X X X X X X

If v and B are mutually perpendicular, then 6 =90°

- F=qvBsin 90° =qvB

F is perpendicular to both v and B .

Let a conducting rod PQ is placed on two parallel metallic wires CD

and MN in a magnetic field of strength B . The direction of B is
perpendicular to the plane of paper, downward represented by (X).
Let the rod is moving with velocity v, perpendicular to its own

length, towards the right. Since a metallic conductor contain free
electrons, they will move within the metal rod. Charge on each electron
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69.

=—ce.
.. Force experienced by each electron =f_= evB and will be directed
fromPto Q.

». The end P of the rod becomes positively charged and Q is
negatively charged.

So a potential difference is produced across the ends of the conductor.
This is the induced e.m.f.

A%
.. Electric field produced in the rod, E= 7

I is directed from P to Q.
The force on a free electron due to this electric field

F_=¢E
The direction of this force is from Q to P opposite to the electric field.
The emfproduced opposes the force within electrons caused due to
Lorentz force by Lenz’s law. As the number of electrons at Q becomes
more and more, the magnitude of electric force F, goes on increasing
and at a stage F_ become equal and opposite to F, . Under this
condition the potential difference produced across the ends of rod
becomes constant.
Inthiscase, F,=F  =eE=evB=E=Bv
.. Potential difference produced, V=E/=Blv

V Bty

.. Induced current,=1= —= —
R R

P M
2" (@2 +02y72
The direction of B, is along a line parallel to NS.

d
S|e ‘e
0] N
— 2 —f
mNP PS
4n NP 4n pg3

Now, NP = PS = (d? + (2)*/?
Resultant field at Pis, B = By +Bg
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Ho m

Mo m

R - Ko m NP o PQy —
=>B="2———(NP+PS) =
_Mo_ 2ml  _py M
" 4n (% +%)3? e (20232 >

Hd>>(, the |§|=”—OM
4m 3
70. Consider a straight conductor XY lying in the plane of paper.
Consider a point P at a perpendicular distance ‘a’ from straight
conductor.

IB

Y

] A

Now Magnetic field induction at a point P due to current I passing
through conductor XY is given by

uol . .
B =——|sin¢; +sin

4m[ i 2]
At the centre of the infinite long wire,
&) = 4, =90°

I .
. B=200sing0o+sin90°] = =t 2L
4ma

4in a

(D)

1

<

1)

A A [2

Consider two infinite straight conductors 1 and 2. Let /; and /,
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71.

72.

current flowing through the conductor 1 and 2 and they are d
distance apart from each other.
The magnetic field induction (B) at a point P on conductor 2 due

to current /; passing through conductor 1 is given by B =L;0_;I’1
According to right hand rule, the direction of this magnetic field
is perpendicular to the plane of the paper inward.
Now force experienced (F,) by unit length of conductor 2 will be

F,=B,I, x1=B, I,

F - Mo 2015

4n d
Conductor 1 also experiences the same amount of force, directed
towards the conductor 2. Hence, conductor 1 and conductor 2
attract each other. Thus, two linear parallel conductors carrying
currents in the same direction attract and repel each other when
the current flows in the opposite direction.
Let/,=1,=1A;r=1m
Then, F = Fy=F=10" ZXIM
Given, the current is flowing in the clockwise direction for on
observer on the left side of the solenoid, This means that left face
of the solenoid acts as south pole and right face acts as north
pole. Inside a bar magnet, the magnetic field are lines directed from
south to north. Therefore, the magnetic field lines are directed
from left to right in the solenoid.
Magnetic moment of single current carrying loop is given by
m’=]A
where, [ = Current flowing through the loop
A = Area of the loop

So, magnetic moment of the whole solenoid is given by m = Nm
=NIA
Let these be a current carrying loop of radius R. Current flowing
through the loop is I,

, C ‘/d{ws OVdﬁ
0

=SF=2x 10" N/m

'
dB’cos 6

Consider two small elements of coil of length d/ each, at C and D
diametrically opposite to each other.
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73.

PC=PD=r

= JR24x2 and ZCPO = ZDPO =6
Magnetic field at P due to current element d¢ atC
_ Mo Idlsin90°
B= — —
4z r2
po Id¢ pg  Ide
B=— —=——
4n 2 4 (R24x?)
Direction of dB is along PE perpendicular to CP.

d [0 =90°]

Bo

Magnetic field at P due to current element d¢ at D=dB’' = .

d(sin90° _ po  Id¢

acting along PF | DP.

2 A (R
Id¢
dB= dB' = u_oﬁ
4n (R*+x%)

Resolving dBand dB' in rectangular components,
() dBcos6 along PY and dB sin6 along PX

(i) dB'cosO along PY' and dB'sin® along PX
Cosine components being equal and opposite will cancel each other.
Total magnetic field at P due to current through the whole circular coil.

Id¢sin®
B= J‘stinG = %
41(R“+x7)
Isi
= %m% de [ sin®= R
4m(R“+x“) R24x2
jdﬂ —2na
2
Mol R R

B=—3 — = Jpa=—-0"__ alongPX
4m(R2+x%) T (R24x2)/2 2(R2+x2)3? 8

If there are n number of turns of the coil,

wonlR>  pg 2nlA _ pp 2M

WR2x2)P? dn T 3 dn O
[Here A= n R“=area ofthe coiland x >>R
Figure showing magnetic field lines due to a circular wire carrying
current . ~
(@) Theforce F due to the magnetic field (B) acting on the charged
particle moving with the velocity (v) is given by

F=q(Vxl§)
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This force is called Lorentz force.
The direction of this force is given by the right-hand rule and it
is perpendicular to the plane containing v and B.

74. Let the rotating metallic rod subtends an angle @ in time t with the

centre of the circle.
X X X X X X X
X X X X X X X
/) P
X X X
X X X X X X X

The area of the sector OPQ is given by,

0 1,
= x—=—(%9
A=T7 2 2

T
1>
d(—ﬂ e)
. . dA 2 1_,do
The induced emf =B—=B——<~=—_B(*.—
e imnducedemrIis € dt dt ) dt

&= lBﬁ ® (where ®= @)
2 dt

75. (i) Consider a coil of number of turns N, area A rotated in a
magnetic field of strength B at an angle 6 which normal to the

coil makes with B at any instant t, then
Magnetic flux linked with the coil in this position,

¢ =N(B.A) = NBA cosf = NBA cos ot
where o is the angular velocity of the coil.
As the coil is rotated, © changes and hence flux ¢ linked with
the coil changes and hence an e.m.f. is induced in the coil.
do

Induced emf, e=— Gt = —%(NABCOS ot) =—NAB

d
a(cos ot) = —NAB (- sinot)o.

or ¢=NAB sinot.
The induced emfwill be maximum, when sin ot=1
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€max = €0 = NABo.
Hence e = ¢ sin ot.
(i) Power dissipation in the coil:
Over a complete cycle ofa.c.,i =0.
Similarly, e =0.
Power dissipated in the coil =0.

76. Let us consider a uniformly wound solenoid with n turns per unit
length /. Let the length of the solenoid be large as compared to its
radius and the core of the solenoid have air. Due to this the interior
field is uniform. Therefore, the magnetic field in the interior of the
solenoid

B=p,nl (D)
And the ﬂux through each turn
6y = BA =pynlA .. (ii)
A = area of cross section of the solenoid.
Therefore, self inductance
L= % =pon”Al where N = nl

77. Let current I, passes through the coil C,.

Magnetic field at centre due to current loop, C,.

N,1
By = Hoz 212
g
2 C2
.. Total magnetic flux linked with
coil C,
01 = N1By 4 I,
HoNo Lo (2
=N b175
o 1[ 2, J( i )
But, ¢ =pl,
NiN,I
M, = KolV1Va 2(”12)
27’2

2
1 = Po™N1No 7
27'2

78. % =rate of change in flux =(n/2) B, I ZZ =IR.

n’B\ )
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79.

2972 p 2.2
Energy lost/second =2 R= W}")%

This must come from rate of change in PE = mg% = mgv (as kinetic
t

energy is constant for v = constant)
(nI*AB,)* v* or. y= MR
R (n*AB,)*
Let there be a metallic rod of length / whose one end is hinged at the

centre O of the metallic ring of radius r and other end at point A on
the circumference of the ring.

Thus, mgv=

>

7 X X N\
/ A
RS X X X\
1 (0] |
‘X X XI
/
X X 7
~ rd

~X -

When rod revolves, free electrons in the rod move towards the outer
end due to Lorentz force and get distributed over the ring. This
results in the production of an induced emf across the ends of the
rod in the steady state when there is no further flow of electrons. Let
us consider a small element at a distance x from the centre O. The
small induced emf produced across this element

de=Bvdx
where v is the velocity of the element at a distance x.
.. The emfproduced across the length of the conductor i.e., between
centre O and circumference of the ring

r
e= IBV dx
0
If o is the angular frequency of the rod, then
V=XO
r x2 r
e=Imedx= Bo . [—]
2
0 0
or e= chor2
2

Also, e=%B.21tvr2 (o =2mv)

or, e =nBvr’

GP_3166



How will you establish relation/deduce expression for

80.

81.

Let us consider a small length element dl which the rod covers. The
emf generated across a length dl of the rod as it moves at right
angles to the magnetic field

de=Bvdl=Boldl
Since, v=0R=onlasR=1
Hence, total emfinduced

1 1 2
¢ =[de=[Bwoldl=—Bol
0 2

Power generated
&2 B
r 2r

The self-inductance of a solenoid is defined as the ratio of
magnetic flux through the solenoid to the current passing through

¢

itie., —
l0

|

p—
AAAAAAAAAAAA
VWWWVWWWWW

/

Consider the circuit shown above consisting of a inductor L and
a resistor R, connected to a source of emf E. As the connections
are made, the current grows in the circuit and the magnetic field
increases in the inductor. Part of the work done by the battery
during the process is stored in the inductor as magnetic field
energy and the rest appears as thermal energy in the resistor. After
sufficient time, the current, and hence the magnetic field, becomes
constant and further work done by the battery appears completely
as thermal energy. If i be the current in the circuit at time t, we

have E—Ld—‘:‘ = iR = Eidt = L’Rdt + Lidi
t t i

= j Eidt = j iZRdt + j Lidi
0 0 0

t t
S (2 l 2 .
=>‘([Eldt—‘([l Rdt+-Li® (i)
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82.

83.

Now (idt) is the charge flowing through the circuit during the time
t to t+dt. Thus, (Eidt) is the work done by the battery in this
period. The quantity on the left-hand side of the equation (i) is,
therefore, the total work done by the battery in time 0 to t.
Similarly, the first term on the right-hand side of equation (i) is the
total thermal energy developed in the resistor at time t.

1., . . . .
Thus —Li? is the energy stored in the inductor as the current in

it increases from 0 to i. As the energy is zero when the current is
zero, when the current is zero, the energy in an inductor carrying

. 1.
acurretn i, is U = —Li%

2
Phasor diagram

v A
AT TR :
V-V, { Vi ;
0 R
' »
VC VR 1 m

From the diagram, phasor V  makes an angle ¢ with the cur-

rent phasor [ Since the voltage phasors V| and V- are in opposite
direction, therefore, a difference phasor (V| —V-) is drawn which is
perpendicular to the phasor V. Adding vectorially, we have

Vin = VB +(VL = Vo) = (1nR)? +(In Xy — LX)

O Vi = IR +(X, - Xc)?
Where XL = oL and X-=1/wC, therefore, the maximum current
m

\/R2 +(Xp - Xc)
(1) The impedance of the circuit

Z= \/R2 +(Xy - Xc)?
(i) The phase angle between voltage and current

Vi -Ve Xp-X
tang= ~L_YC _AL~AC
Vg R

The instantaneous voltage and current in an LCR circuit are given
by, E=E;sinwt and I=1, sin(wt—j)
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(sinot(sinwtcos @ — cosot.sin@)dt

Eglo[T . 5 T . ]

T
ZT{)

[ sin” otcos@dt — [ sinot.cosot.sing)dt
0 0

T
— j 2sin® otcos odt— j 2sin®t.cosot.sin (p)dt]
LO 0

[T T
=22 [(1-cos2wt)cosdt — [ 2sinot.cos ot.sin (pdt]
LO 0

T T

" [cos2otdt=0 and [sin2otdt=0

0 0

Tcoscp Eq —=CosQ
bk
S P= Erms L s COSO, where coso is called power factor. .
84. Let at any instant, the current and voltage in an L-C-R series AC

circuit is given by

I=Iysinot

V =Vysin(of+¢)
The instantaneous power is given by

P =VI =V;sin(ot+¢).Jysinot

P= %[2 sinot.sin(of+9¢) |

Vol
P=VI= %[cos¢—cos(20)t+¢):| (i)
[+ 2sind sin B=cos (4—B)—cos (4+ B)]
Work done for a very small time interval, dt is given by
dW = Pdt

dw =VIdt
.. Total work done over 7, a complete cycle is given by

T
W=jV1dt
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T
[via .
But, £y =7 =0 = P =%jV1dt
l?M[cos(b—cos(20)t+<|>):| dt
T 0 2

8s.

AL T
o P, =% Icos¢dt—jcos(2mt+¢)dt

0
_ Vol .
;TO [cos () [t]o ] (By trigonometry)
1 Vol
or Pav=VOOxcos<|>><T— 0><cos<|>
= ——=cos¢
-5k

= Pav Vrms X Irms X Cosd)
This is required expression.

Let the input alternating current is I = Iy sinot .

IfI remains constant for a small time dt, small amount of charge sent
intime dt=dq =1dt

Total charge sent by a.c. in the first half cycle

T/2 T/2 t T/2
=q= [1at= | Iosinmt=10[—cosm:L
0 0 @

1 I
=-2 [cosm—t —cos 0] —O(cos 7 —cos0°)
® 2 ®

= Loy
(0]

If I be the mean or average value of a.c. over first half cycle then
q=1x l (by definition)

1, XI_ZIO ZIO.T
2 o 21

L, =21y = 06371,
s

Average value of a.c. over a complete cycle is zero.

GP_3166



How will you establish relation/deduce expression for

86.

87.

T
'[ Iy sinotdt
I, =

av

0
T
jdt
0

The power is defined as the rate at which work is being done in the

circuit.
When V =V sinot is applied to a series LCR circuit.
Current is I =1, sin(wt + ¢)

= —_— = -1 -
I, 7 and ¢=tan ( R
Instantaneous power supplied by the source is
P=VI=(V,sinax) X (I sin (wt+¢)
=V sinax [jsin (ot + @)
The average power P, =V, I cosp

W 1o
=—=.—=.cos0
22

In this expression cos¢ is known as the power factor.

In the circuit shown, inductor L, capacitor C and resistor R are connect

in series with an ac source.

ke 7 = R} v, = x, p|€1C = XI5

——WW—e— T —e—— |
R L ¢
)
\
V="Vysin ot
Phasor diagram :

/2

/2
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Assuming, X; > X~ = V,; >V

Net voltage, V =, / V,% +(Vp-Ve )2

where, V| , V- and Vg are PD across L, C and R respectively.
But, VR =IR VL = lXL’VC = IXC

V= \/IR (x, - 1xc )

—=\/R2+(XL—XC)

Impedance, Z =;= \/Rz +(X; —Xc)2

88. Instantaneous power
=P=EI = E;sinotljsinot
as current and voltage are in phase with each other in a pure resistive

circuit.
Average power over a full cycle of period T

1 El,
=P=— '[ Eldt = 90 '[ sinZotdt
T T

T
Egl
= Mj(l—cosZ(n)t)dt
2T

T . T
Eyl Bl
P= 00 Idt IcosZcot dt | ==020 t|0T_Sln2cot
0 2T 20 |

_ Eolg

T [(T -0)- %(sin 20T —sin 0)]

Eyl 1. :
- _20T0 [T_g(smh—smO)] [ oT=2n]
_BEolo . _Eolo _Eo I _p |
2 2 22 ™™
‘ Ems
. P=Enns'llms= R

89. Average power

1t 11,
Pa=?jpidt=?‘([l R dt

GP_3166



How will you establish relation/deduce expression for

T
=iji§,sinzmtht [~ i=i sinot]
T m
0
T
1. 1-cos2ot 2 ' T
=_%1RI( : )dt _lliR[T_smhot]
0 T 2 20 |y
113 1.,
=—MR[T-0]==I2R
T 2 [T-0] 2 ™

90. Velocity of propagation of EM wave in terms of peak values of
electric and magnetic field vectors.

91. The electric flux between the plates of a capacitor is given by

¢E =EA =&.A=g

SOA €
dop _dfQ)_ 1dQ
dt  dtlegg gy dt
dop _ 1, (As, i=@J
dt €0 dt
‘ dog
i=gg| —
0( dt J
92. E= re, j and = Kt i= —u"}wi
2nea 2ma 2wa
5 32 R
- Lexpy=L| M gy M g
U, W, {2ne,a” 2ma dnga
93. Current I thorugh the capacitor is given by
=1, sin(wt+£)
2
A B
€ A.C. source —-C

E=Egsinot
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As we know, the displacement current
d d
Ij=¢ — =g —(AE

where A is area and E be the instantaneous electric field intensity
between the plates of the capacitor.

d(vVv v
rad® e

_ A_eo]i
—( q dt(Vocoscot)

= A—GOVO cosot.o =CVymosin [mt+£)
d 2

where c-A% =Lsin[mt+£)
FR >

Co

. T
Iy = Ios1n(mt+5) =1 (Instantaneous current)

Therelation between the velocity of propagation and the magnitudes
ofelectric and magnetic fields is E = CB.

Transformer Arrangement for winding of primary and secondary
coils.

p S,
i °
Input RS { R < Output
AC q
L M q l
) °
P, 8
/
Laminated core

Principle: It works on the principle of mutual induction. Whenever
magnetic flux linked with coil changes, an emf is induced in the
neighbouring coil.

Working: When an alternating emf'is supplied to the primary coil
then magnetic flux linked with the secondary coil changes. As a
result, an emf is induced in the secondary coil. Voltage at the
primary and the secondary coils depends on the number of turns.

GP_3166



How will you establish relation/deduce expression for

96.

97.

Magnetic flux that is linked with the primary coil is also linked with
the secondary coil. The induced emf in each turn (E, ) of the
secondary coil is equal to that of the primary coil.

Let E_ be the alternating emf applied to primaiy coil and n, be
the number of turns in it. If ¢ be the electric flux associated with
it, then

dé

Ep =_npz (1)

Let E_ be the emf across the secondary coil and n, be the no of
turns in it. Then,

d
Es = -%7? -(2)
Dividing (2) by (1),
E_n oy
E, mp
For step up transformer, k > 1
Eg>Ep
For step down transformer, £ < 1
Eg<Ep

Suppose a current 7 is passed through the inner solenoid S,.

A magnetic field B= un,i is produced inside S,, whereas the field
outside it is zero.

The flux through each turn S, is

Bnr 2= pgn,inr?
The total flux through all the turns in a length / of S, is
¢=(ugninr Yyl = (ugn,nymr i
=M= ygn \n,nr 2]
(@) Mutual Inductance: Consider two coils (Primary and secondary)
placed very near to each other. Let N; and N, be the number of turns
in the coils and i, be the current flowing in the first coil.
Let, due to this current, the magnetic flux linked with each turn of the
secondary coil be ¢, . IfN, be the number of turns in the secondary
coil, then the number of flux-linkages in the coil will be N,¢,. This
number is proportional to the current i, flowing in the primary coil,
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where M is a constant called the 'coefficient of mutual induction' or
'mutual inductance' between the two coils.

Mutual Inductance of two concentric coils, one of radius R and the
other of radius R, (R; <R,) placed coaxially with centres coinciding
with each other:

S

I: l

Sy

Let the number of turns in the primary and secondary coils be N,
and N, respectively and the current in the primary be i, ampere. The
magnetic field at the centre of primary coil is

B= HoN; i)
2R,
where R, is the radius of the primary coil. Considering this magnetic

field uniform over the entire surface area of the secondary coil, the
magnetic-flux passing through the secondary coil is ¢, =BA

where A= T R% is the area of the secondary coil. Substituting for B

Nii;
in this equation, we get o, = % xmR3

1
Now, according to definition, the mutual inductance between the

coils is

M= Ng¢2 L M= HoN N, 7R3
I 2R,
(b) Weknowthat flux ¢=N B A cosO
And induced emf
do . .do
o=~ ( ( ) dt) NBA sin6 (27)

For maximum induced emf sin =1
€max— NBA sin 0 (20 f) = NBA (2nf )
(i) Voltage of the source is given as V = V;, sinot

Let current of the source be 1=1;sinwt
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The maximum voltage across R is VE:IOR , represented along OX.
The maximum voltage across L is Vi =I,X , represented along
OY and is 90° ahead of V.

The maximum voltage across C is Vi = VX represented along
OC and is lagging behind E by 90°.

Hence, reactive voltage is V| — V- , represented by OB'.

The vector sum of Vi,V, andV is resultant of OA and OB,
represented along OK.

OK =V, =V0A? +0B?

>V = \/VR2 +(V - V)

= JIGR)? + (1gX - Ve )2 =V =g R +(X - Xc)?
The impedance can be calculated as follows:

z=Y0_ R+ (x, -X0)?

Iy
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When X; = X, the voltage and current are in the same phase. In
such a situation, the circuit is known as non-inductive circuit.

99. Expression for the energy stored in an inductor : Consider a simple
circuit having a coil, a battery and a key. The coil has a self-
inductance L. On pressing the key K, current flows through the
circuit. However, self-inductance gives rise to induced current which
opposes the growth of current in the circuit.

Thus, to increase the current from zero to its maximum value I ,
some work has to be done.
This work done is stored as the magnetic field of the inductor.
Similarly, when the key is opened, the induced emftends to maintain
current in the circuit.

—— 0000000
e

Let, I current flows through the coil of self-inductance L at any instant

di

t when rate of change of current in coil is R
dl

Inducedemf, E= —LZ

~. Work done in establishing the current in small time interval dt is
given by

dl
dW  =Ppdt=-cldt = ‘(‘LE) Idt

aw = LldI
Total work done in increasing the current from zero to /.

1 1 _ I? ! 1
w =j0L1d1=Lj01d1 _L[Zl =5L(12—02)
)
W=

100. If*yu._is the refractive index of the denser medium (b) w.r.t. the rarer
medium (a) and C be the critical angle, then

1
a =
Hp sinC
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The objective lens forms real, inverted magnified image A'B' of object
AB in such a way that AB' fall some where between pole and focus
of eye lens. So, A'B' acts as an object for eye lens and its virtual
magnified image A"B" formed by the lens.

Magnifying power : The magnifying power of a compound
microscope is defined as the ratio of the visual angle subtended by
final image at eye (B) and the visual angle subtended by object at
naked eye when both are at the least distance of distance vision
from the eye.

i.e., magnification, m = B = tanp
o tana
B'A'
= e —(B'A') xB—m meu
- % - BA u, - oeYe
D
m =m_m,, where m and m, are magnification produced by objective
and eye lens respectively.
N m. = B'A' v,
oW ToTBA Ty,
D D
mg=—=1+—
U f,
(vo)( D)

|y

This is required expression
Consider a thin lens made of a material of refractive index u, and
situated in a medium of refractive index u, on its both sides. Let R,
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and R, be the radii of curvature of the two co-axial spherical surfaces.
Suppose an object O is placed at a distance u from the optical centre
of the lens.

An image I’ is formed by refraction at the first surface of the lens, at
a distance v' from the pole of the surface.

Then by refraction formula, we have

M2 M1 - .
T B2 —hi (1)
R
The image I' becomes the virtual object for the second surface of the

lens, and which forms the image / at a distance v from this surface.
Then

l—l_l_l—l_z - M —H2 (11)

f} _—.

v v Ry

In this case rays are going from medium of refractive index p, to the
medium of refractive index p;. Moreover do not place the sign with
R, and R,, because they have already signed.

Adding equations (i) and (ii), we have

[ R AT N
" u—(uz Ml)[Rl Rz)

11 (p_|fL_1
o v ou R R
vV u W 1 2

Ifthe lens is placed in air, then p, = 1, and putting p, = p, we have

1 _ [i—l)
- (n-1) R R (1)

Equation (1) is known as the thin lens formula and is usually written
in the form
1 1 1

P 7 .(2)

where fis known as focal length of the lens, and is given by
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Let, PQ and RS are incident and emergent rays. Let, incident ray get
deviated by 8 by prism, i.e.,

LTMS =8
Suppose 8, and &, are deviation produced at refractors taking place
at AB and AC respectively.

o= 51 + 52

8= (11 —7‘1)+(i2 —7'2)

d=(iy+i)-(n+n) ()
Also, in quadilateral, AQNR,

A+ ZQNR =180°
[+ ONand RN are normal on two surfaces]

Also, In AONR,
ZONR+R +1r, =180°
= A=n+n (i)
From Egs. (i) and (ii), we get
d=(ij+i)-4 (i)

Angle of deviation produced by prism varies with angle of incidence.
When prism is adjusted at angle of minimum deviation, then
i=iy=i
At 3=8,y
= H=hHh=r
From Egs. (i) and (ii), we have
S, =2i-2r
and2r=A
i= A+,
2
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A
r==
2
Refractive index of material of prism is,
o sin(ﬂ)
_ sinj _ 2
K= Sinr = K= T4
sin —
2

This is required expression.
104.

Z1 =angle of incidence
Ze =angle of emergence
& =angle of deviation

In the quadrilateral AQNR,

Z A+ ZQNR=180° (1)

In the traingle QNR

r,+r,+ ZQNR=180° (i)
Lr = ZA (i)

The angle of deviation ,
§ =(i-r)+(e—r)=i+te—(r,+r)

L =ite—A (iv)
. sini
According to snell’s law, —— =n5,
sin
i . .
o, —=njy (sinceanglesaresmall) .. i=r .n,
n
Also,
sine

e . Lo
——=1ny] > —=1n, ..€ =T Ny usingthe equation (iv)
sinr, L
d=n.ny; +n.ny; — A=(r,+r)n, — A

=A n,-A
© 8 = (np-1)-A
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105.

106.

Consider two thin lenses of focal lengths f; and f, are placed in
contact on the same optic axis. An object O is placed at a distance u
from the lenses. The image /, formed by first lens becomes the object
for second lens; second lens forms the image / at a distance v from it.
If v, is the distance of /,, then for first lens;

11 1 .

v u S (1)
For the second lens;

1.1 1 i}

vy owof ..(11)
Adding equations (i) and (ii), we get

1 1 1 b

Yy u  fif ... (iii)
If £, is the focal length of the equivalent lens, then

1 1 1 .

P Te (iv)
On comparing equations (iii) and (iv), we get

1 1 1
— =71t ..(14
o Hh N (149

Consider a portion of a ray between x and x + dx inside the liquid. Let
the angle of incidence at x be 0 and let it enter the thin column at
height y.Because of the bending it shall emerge at x + dx with an
angle 0 + d0 and at a height y + dy.

ﬁ"\- ----------- dy
\\c 0+dd
-+ dy)

dx

From Snell’s law
u(y) sin @ = p(y + dy) sin (0 + dO)
or u(y)sin0

=[u( y)+‘;—udy] (sin 6 cos dO + cos 0 sin dB)
y

=u(y) sin 6+ u(y) cos 6d6 + ‘f—;i dysin 0
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or u(y) cos 6 d =idysin9
dy
de=_—1d—”dytane
n dy

Buttan 6= & (from the Fig.)
dy

c.do= ——ld—udx
n dy
d
e=—1d”jdx=—1d—”d
nody noay
107. Screen
Ly e
*
S a C Oi
v B
Plane [

wavefront  |e— p ——p]

Consider a point P on the screen at which wavelets travelling in a
direction, making angle 6 with CO, are brought to focus by the lens.
The wavelets from points A and B will have a path difference equal
to BN.
From the right-angled AANB, we have

BN = ABsin®

BN =asin6 (1)
Suppose, BN = and 6=6,
Then, the above equation gives

A=asin®,
. A
= sinb, =Z (i)
Such a point on the screen will be the position of first secondary
e

If, BN =2 and 6 =6, , then
2A =asin0,
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108.

. 2A
sin6, = - ..(iii)

Such a point on the screen will be the position of second secondary
e
In general, for nth minima at point P,

sin@,, = % Aiv)

If, y,, is the distance of the nth minima from the centre of the screen,
then from right-angled ACOP, we have

OP _yn

co- D (V)

In case of 6, is small, sin@,, = tan9,,

From egs. (iv) and (v)

tan0, =

In _ 1k _mD
D 4 = Wn
3A , .
If, BN =7 and 0 = 0], then from eq. (i), we have
sin 6] L
2a

Such a point on the screen will be the position of the first secondary
maxima corresponding to path difference :

SA .
If, BN = > and 0 = 05 , the second secondary maxima is produced.
In general, for the nth maxima at point P,
(2n + 1) A

2a

where, n=1,2,3, ... an integer.
If y, is the distance of nth maximum from the centre of the screen,
then the angular position of the nth maximum is given by,

%

sin@, =

(Vi)

tan9;,

.(vii)
In case of 0}, is small,

(2n+ I)XD

2a
Suppose two waves of amplitudes a and b respectively and a phase
difference ¢, travelling in a medium, superimpose each other.
y,= asinot; y,=bsin(at+ ¢)
According to superposition principle,
y=y, ty,=asinot+ bsin(at+ ¢)

sin@, =tan@), = ¥, =
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109.

=asinot+ bsinot.cos¢ + b cosm t. sin
=(a+ bcosd) sinot + bsing.cosot ...(i)

Put, (a+ bcosp) =R cos 6 .(1h)
b cosd =R sin 6 ...(1ii)

y =R cos0.sinwt + R sin 6.cosot
or y=Rsin(ot+¢) (iv)

This is the displacement of the resultant wave where R is the amplitude
of the wave.
Squaring and adding eqn. (ii) and (iii)

R= \/a2 +b? +2abcos¢

As, intensity oc (amplitude)?
[<R2
I=a?+b% +2abcosd
Ifcosp= + 1, the 1nten51ty is maximum,
o L= (atb)?
If cos¢ =— 1, the intensity is minimum.
mm (a b)2

Imax _ (a+ b)

Imin (a - b)2
According to the question P|, P, and P, are placed as shown in the
diagram.

Unpolarised
>I< light 4
Y

P,

Intensity of light after fallingon P, I'= —
Intensity of light after falling on Py, I' =T cos?0

r= %’coszooc’)

- I_o[ﬁf

21 2

30,
r==

Therefore, a light of intensity 3/,/8 will pass through P,, and the
angle between P; and P, will be 60° because of the condition given
in the question.

GP_3166
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Intensity of light after falling on P,, I'"' = I'cos?(6)

30
32

3]
=20 cos?(60°) =
8
110. (Ll =L +1 +2 /Il I,
HereIl=Iand12=I+ 51
S max = T+ 1+ 18+ 24 I(1+81)
~l41+2W2 [ 1+31=]]
=21+ 2] =~ 41
" Imax =4l and Lnin =51+, -2},

=T+ (1+8I)-2/I(1+3I)

1
81 |2
=I+1+81-2v1% +I5I =2I+81—2[12(1+T)]

1

—20+81-2 1(1+%)2

Using Binomial Expansion

( 1(1
st 2027 a2
° Imin=2l+61—2l 1+ET+T.I—2+

NG

Neglecting §13 higher powers of 81

(-3)
Al T 2
Lin = 21+51-21-21%%-21¥.i

2 2

1 812 SI2

I =8l-8I+— > R
min 4 I min 41

111. There is a narrow slit illuminated by a monochromatic source of
light. Two fine slits A and B (about 0.5 mm apart) are placed
equidistant from the source (S). A screen is placed at a suitable
distance from the slits.
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112.

113.

I

v

I

v

I

Screen

Supoose the phase difference between two waves arising from slits
AandBis ¢. Then,

y, = acosot and y, = a cos(wt + ¢).
Therefore the resultant displacent

y=y; +y,=acosot+a cos(ot + ¢)

¢

¢
y=2acos cos(o 2)

The amplitude of the resultant displacent
¢)
R=2 (—
acos | 5

As, intensity oc (amplitude)?
I, ca?orlc R

Resultant intensity, I = 4I,cos? (%)

Einsteins equation gives
K o= hv—0y ... (1)
=maximum k E of electron emitted
hv = energy of incident photon
¢, = work function
By definition of stopping potential, eV,=K

h
= eVy,=hv-¢, = V= [;) v—d)—0

e
h h h h
=|p,|*|ppl= —+—=—=—ifp, p,>0
p.=Ipylt|pgl A A, A AL 1p s, Pp
A A
or p,,pp<0 or kc=ﬁ
Ifp,>0,pp<00rp,<0,pp>0
h?» A, _h _ AgAy

P Mgl A T A=Al

c
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2

.. p
114. K K=—
inetic energy, o

p=momentum
m = mass and
k =kinetic energy

= p=2mK

de-Broglie wavelength, A = L
p

where, p =+2mK
h

\2mK

115. Let XY be the surface separating the denser medium and the rarer
medium. Let:
v, = Speed of lightwave in the denser medium
v, = Speed of light wave in the rarer medium

Therefore, de-broglie wavelength A =

Incident
wave front

Denser

medium,
Y
C
Rarer | «— Refracted
medium : wavefront

Let us consider a plane wavefront AB. Let this wavefront incident
on the interface at an angle of incidence .

Let t be the time taken by the wavefront to travel the distance BC
in denser medium.

= BC=v¢

To determine the shape of refracted wavefront, we will draw a
sphere of radius v,t from point A in the rarer medium. Let CD
represent a tangent plane drawn from point C onto the sphere.
Now, AD = vt

Here, CD would represent the refracted wavefront. Considering
the triangles ABC and ADC, we get

. . BC nit
smi=—-—=——
AC AC
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. AD Vot
sinr = =
AC AC
sinr _ V_2
= i v (D)

116.

Since r > i, the speed of light in the rarer medium (v,) will be
greater than the speed of light in the denser medium (v)).

C C
Now, M1 =—; M2 =—
Vi

V2
where
u,= Refractive index of denser medium
K,= Refractive index of rarer medium
Further, (1) can be written as p, sin i = p, sin r
This is the Snell’s law of refraction.
Let us consider that an unpolarised light is incident along XO at
an angle i (angle of polarisation) on the interface AB, separating
air, a rarer medium, from a denser medium of refractive index p.

N
Rarer
medium ! z
X
r=i »
Ip
B
A 0
Denser o
medium
Y
N!

It has been experimentally observed that when unpolarised light
is incident at polarising angle, the reflected components along OZ
and OY are mutually perpendicular to each other. So, we have
£70B+ ZBOY =90°
= (90° —i )+ (90° —r’) = 90°

P >
= 90°— , =T

Slnlp

By Snell’s law, p=

’

sinr

GP_3166



How will you establish relation/deduce expression for

117.

118.

sinip
M= =tani
sin(90°—i,) ~ @M%

This gives us the required expression for Brewster’s law.
From the lens maker formula, we have

1 1 1
—=(u—l)[———J
S R R
Let f, anf f, be the focal lengths of the two mediums. Then,

I L (1 (2
71=(u1_1)[i_[_iﬂ = 71—(”1 D(R)

1 1) 1 PN
72=(H2—1)[[—E]—;} = 72—(”2 1)( Rj

(@ Iff, q is the equivalent focal length of the combination, then

1 1 1
- =
g Hh S
1 2(wy -1 -1 1 2 —py —1
I m-D ):>_= Ll B )
Soq R R Jeq R
R
S e
4 2m—py -1
(b) For the combination to behave as a diverging lens, f, P 0
R 0
T <
2 -y -1
= 2u-p,-1<0
+1
= u1<(Hz2 )

which is the required condition

. . 1 1 1
The mirror equation or formula, —+—=—

v u f
For concave mirror f< 0, as object always placed on the left side
of mirror, so u < 0. According to question, f<u < 2f (Object
lies between f and 2f)

I 1 1 1 1 1
<-——<-—

T T
1

Add
f

on both sides, we get
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1 1 1 1
— 57 <7=<0 .. (D)
S 2f f u
. 1 1 1 .
From mirror formula, ———=—, So from eq. (i), we get
f u v
.t 111
F2f v a2 yorv>y

119.

120.

As, f is negative, 2f is also negative and hence v will be also
negative. So the image formed is real and image lies beyond 2f.
Linearly polarised light is the light wave in which the vibration of
electric field vectors are confined in one plane and parallel to one
direction.

Y

Wave propagation

. wﬁﬁ\ B

Z
The intensity of transmitted light becomes maximum when the
inserted polaroid and analyser (the polaroid which receive light

that is transmitted by inserted polaroid) have axis parallel to each
other.

According to the photoelectric equation.
1 9
Kiax = Emvmax = hv - ¢0

hc
K_ = x—1—¢o ....... (i)

max

Let the maximum kinetic energy for the wavelength of the incident
A, be K ..
h .
K= ac by - (i1)
Ay
From equations (i) and (ii) we have

he o _ofhe_
E_%_z(kl ¢o]
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121. For central bright fringe,

:>ko

VAVAVILVAVAN

33, 2% 2 9 % 22 3
asin9 —

For first dark fringe,

. A
asinf=1) or sin@=+—
a

If © is small, then sin 6 ~ 0

So, o=+
a

So, the half angular width of central maximum is

0 ~sinB = A
a
122. Consider a spherical surface of radius R. The refractive indexes at

left and right of the surface are u; and p, respectively.
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123.

Let an object O be placed at a distance u from pole P of the surface
in amedium of refractive index u;. Ray OP, incident normally, passes
into the second medium without deviation. Ray OB, making an angle
o with the principal axis, is incident at an angle i with the normal and
isrefracted at an angle . These rays intersect at / at a distance v to the
right of pole P. Thus / is the real image of the object O.

From the triangles OBC and /BC, we have

i=a+f
and B=r+yorr=p—vy
From Snell's law

M2 sini

M1 sinr

or W sini=p,sinr
For small angle of incidence i, we can write
sini = iandsinr = r
Thus Rii=pyr
or @+B)=mB-1 .0
Asiis small, and so a, B and y are also small. Thus
(o+ B)=tano + tanf

and B-7 =R 5

After simplifying, we get
Lo I N Bl
vV u R

When angle of deviation is minimum, the prism is said to be placed
in the minimum deviation position.
There is only one angle of incidence for which the angle of deviation
isminimum.
When =38 _ [prism in minimum deviation position]
e=iandr,=r;=r....(1)
STt =A
From (i), we get
r=r=A

A
r=—

2
Also, we have A+d8=i+e
Substituting 8=06_and e=1i,

GP_3166



How will you establish relation/deduce expression for ..... ? 221

A+d, =i+i1 =i=

(A+Sm)
2

_sini

sinr

sin(%)
2

uzﬁ
sin| —
2

This is the expression for refractive index (u) of the prism in terms of
angle of minimum deviation (3_) and angle of prism (A).

124. According to law of Malus, when a beam of completely plane
polarised light is incident on an analyser at an angle, 6, resultant
intensity of light (I) transmitted from the analyser
I oc cos?0.

o, I=I cos’® ()

when 6 =0° or 0 = 180°(polarizer and analyzer parallel)

cos 0 ==1

s I=1 ...(1)

when 6 =90° cos 6 = cos 90° =0

s I=0 ... (1)

In unpolarised light, vibrations are probable in all the directions in a
plane perpendicular to the direction of propagation.

.. 0 can have any value from 0 and 27

2n 2
<[ cos*0 Jav = LJ cos’0de = LJ (I+cos29) o
2n 2nd )

. 271
1 [0+sm29} _1

T 2nx2 2 |, 2
Therefore from malus law, expression
11,
I=1 cos®® =1, ><5=7
ash
2

125. When a photon of energy 'Av' falls on a metal surface then,
(i) a part of energy is used to overcome the surface barrier and
come out of the metal surface i.e., work function and is expressed

as¢g, = hv,

and (ii) the remaining part of energy is used in giving a velocity ‘v’
to the emitted photoelectron and is equal to the maximum kinetic
energy of photo electrons
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. 1
1.€., KEmax= Emvmax
According to the law of conservation of energy,

1 1
h=¢,+—mv: =hv, +—mv’_
2 2

L M = KBy = o=y, = (33,

or KE_ =hv—-¢, ... ()

126. Let there be an electron of mass m carrying a charge 'e' revolving
around the nucleus of hydrogen atom carrying a charge +e.
Let r,, be the radius of the orbit and v, be the speed of the electron
in that orbit. The centripetal force required to revolve the electron is
provided by the electrostatic force between the electron and the
nucleus. y
n

2
Also, mvy =

n
According to Bohr's angular momentum postulate

mvyr, =—
2n
nh
Vp =
2nmr,

Putting this value of v in eq. (i), we have

2
ke 222

I, = An m-r,
" mn2h? "
2.2
n“h .
or, h=—- .. il
" 41t2ke2m (i
KE of the electron
2 2
lmvr21=lke 1 ke Anke’m
2 2 1, 22n°h?
2,2 4
2n“k“e"'m
o KE=——F——
nZh?

GP_3166



How will you establish relation/deduce expression for

127.

128.

(i) Potential energy : Potential energy between the two charges
q, and q, separated by a distance r is

1
PE = k.ﬂ, where k=——
r 4n g
q, (charge of electron) =—¢
q, (charge of hydrogen nucleus) = +e

r=r,
2 —ke?
.. PE ofthe electron = — ke” ﬁ41t2kme2
I, n‘h
a 4n* Kk me?
n2h2

In H-atom an electron (—¢) revolves around nucleus (+e) under
lectrostatic force of attraction given by,

1 e2

1 exe _
dneg 2 4dmgy 2
This is the centripetal force of electron

e_

2 2
mv 1 e
FC=FC :> _—= —2
T 4mey ¢
2 e?
- mv- = —2
41'!80 r

nh , o .
Put v= —— (Bohr’s quantisation condition)
2mmr

nh 1 ¢
We get, m =
2mmr 4meg T
n’h?
= 1= dng)——
4n“me
From above expression, rcn?

Radii of successive orbits increases in the proportionn?i.e., 1
-4 : 9, hence we can say that the orbits are not equally spaced but
widen as we go from inner to outer orbits.
Let an electron of mass m, carrying a charge e revolving around the
nucleus of hydrogen atom carrying a charge +e. Letr_be the radius
of the orbit and v_is the speed of the electron in that orbit. The
necessary centrlpetal force to revolve the electron is provided by
the electrostatic force between the electron and hydrogen nucleus.
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Electron

2 ke2
o, mvp=—
I'l’l
According to Bohr's postulate

nh
mvr, = e

Vn = nh (iii)
2nmr,
Putting the value of v_from (iii) into (i), we have
a ke?
" mn2h?
2,2

41t2m2rr%

o= n
! 4n’ke*m
KE of the electron
2
1 V2 _ l ke

2 "2 I,
2 2,2 4
=l ke Ankme? — 2n°k“me
2 n2h2 n2h2
Potential energy of the electron

or

(V)

_kaay __kee ke’
r I, I,

PE =

el
=%4n2ke2m
n“h
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129.

130.

—4n%k%e*m

PE =
2h2

Total energy of the electron

_ 212k %me* B 4nk*me*

n2h? n’h?
—2n’k*me*
o, Ey=—735—
n‘h
IfE  and E _; are the energies of the electron for whichn=n, and n,
g _ 2’k me’
ni T 202
n; h
~2n*k*me*
and Enf = T )
nfh

If hv is the energy of the photon when the electron jumps from
n=nton=n,then

_ 2n%kZme*  -2n%k*me?

hv=
h%n2 h’n?

= hv=———

This is the required expression for the frequency of emitted radiation.

n*h?
4m’me
Now, Bohr’s quantisation condition gives,

We know, radius of orbit, r = 4ng,, 5

nh
mvr= — orv=
2n 2wmr

Put value of r, we get
v nh 1 4n’me? 1 2me? o 1
el = oo
411:80 n2h2 411:80 nh v n

T 2mm
Radioactive decay law : The rate of disintegration of radioactive
sample at any instant is directly proportional to the number of
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131.

undisintegrated nuclei present in the sample at that instant
AN _
dt
where A = decay constant
N = number of undisintegrated nuclei in the sample of radioactive
substance.

—AN

dN
— =-Adt
o T
Integrating both sides, we get,
aN__, [at
N
InN=-At+C

Att=0, N =N, = number of undisintegrated nuclei present in the
sample, initially
InNy=-Ax0+C

= C=InN;=>InN=-At+InN,
=>InN-InN,=-At

lnl =-At

Ny
N N a

= logp—=-AM=>3_ ~¢

08¢ No Ny
or N= Noe‘7‘t
If, F, — centripetal force required to keep a revolving electron in

orbit
F, - electrostatic force of attraction between the revolving electron
and the nucleus then, for a dynamically stable orbit in a hydrogen
atom, whereZ =1,

FC = Fe

m?’ _ (e)e) :
r 41t$0r2 -0

62

r 2 ...(1)

N 4me my
K_.E. of electron in the orbit,
1,
K= —
5 my
From equation (i),

62

8meyr
Potential energy of electron in orbit,
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132.

133.

2

_ (o) __~e
4meyr  Amegr

Negative sign indicates that revolving electron is bound to the

positive nucleus.

.. Total energy of electron in hydrogen atom

U

e? e’
E= K+U= 8neyr - 4meyr
2
- 8meyr

Therefore, total energy of electrons in orbit of hydrogen atom is
negative. Hence, the electron bound to the nucleus i.e., the electron
is not free to leave the orbit around the nucleus.
Relation between decay constant and half life of a radioactive
substance:
The number of atoms at any instant in a radioactive sample is
given by
N=N;e™

N = total number of atoms at any instant
N, = number of atoms in radioactive substance at
t=0
When ¢ = T (Where T is the half life of the sample)
_No

2

= &=N0e_” =eT=2
2

N

Taking log on both the sides, we get
AT =log, 2 =2.303 log,, 2

-~ 7. 2.303log 2 o 7o 0.693
A A
The de-Broglie wavelength of a particle is given by

Aoc—

Jmq
If m and g are mass and charge of a proton respectively, and m,,
and 2q are mass and charge of a alpha particle respectively. Then,
According to question
kp =2,
(i) For accelerating potential,

12.27

AN v
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2
12.27 12.27
A= — orV,=
% ? ( p ]

12.27 (12.27]2
v, =

and A_= or
o \/Z 7‘11
12.27/A, )
Now, 2 _ U227)"
Vo o (1227/1)?
Yo ()’ S
\'A Ap ¢ /2 a)
V :V =
(ii) Fgr, spoéed
_h_h
p my
Now, A_ = or=v,= h
5 = —Vp T T
Poompy, mphp
and?»a= h or v, = h
My Vg my Ay
v_p= h/mphp
Vo h/mghg
Vp _ Mphp
Ve myv, (A=A, and m, = 4m )
v _4mp
= Vo N my

v iv =4:1
134. Electron revolves in a stable orbit, the centripetal force is provided
by electrostatic force of attraction acting on it, due to positive
charges in the nucleus.
2
v,2, 1 & 2 e
—_— D> W
r, 4meg 2

(D)

Hence, = = —4 .
1T80m n

and from Bohr’s quantum condition, we have
nh nh .
..(10)

mvnrn = % or Vp = _21tmrn
Squaring Eq (ii) and then equating it with Eq. (i), we get
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n*h? e?

4n’m?r?  Amegm,

2p? dnggm g n
f— h, = = 0 n
n 4 2.2 2 2
n°m e nme

n

135. Density of nuclear matter is the ratio of mass of nucleus and its
volume.
If m is average mass of a nucleon and A is the mass number of
element, then mass of nucleus = mA. IfR is the nuclear radii, then

4 4 4
Volume of nucleus = 371R3 = gﬂ(ROAl/ 3= gnRg’A

Mass of nucleus
Volume of nucleus

As density of nuclear matter =

_ mA 3m
T P= 4 or P= 3
EﬂRg A 41tR0
Thus, the density of nucleus is a constant, independent of A, for
all nuclei.

136. The Rydberg formula of the spectra of hydrogen atom, is given by

_ 1 (1

1 (1 1)

V2 _)“—2 = R(?—EJ (2)
_ 1 (1 1)

V3 = )“—3 = RL?— ?J (3)

Where R - Rydberg Constant
Adding 1 and 2, we get

1 1 1 1 1

Moy n® n3°) A3
This is the required relation between the three wavelengths A,
A&,
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137. C(t)=Acsinto,
carrier
m(t) x(t)| Square y(® | Bandpass|AM wave
' law filter [
Ams'ng” int : device centered
modulatin
signal . AT(')C

138.

Amplitude modulation can be done using a square law device. The
modulating signal A_sino t is added to the carrier signal A sin o t
to produce a signal
x()=A_sino t+A sino tand passed through a square law device
which produces a non linear output of the form.
y (t) =Bx () +Cx?(t) Where B and C are constants
Thus,y (t)=BA sino t+BA sino t+C

( Aﬁ, sin? Opt+ Ag sin? O t+2A A sinoytsinm t)
using (A + B)’= A2+ B%+ 2AB)
1-cos2A a

Use sin?A = nd
2
1
SinA sinB = E[COS A —-B)-cos(A +B)]
We get,
2 22 2
. . c(A, +A;) CA
y(t)=BA sino_t+BA sinot+ m2 CES. ) M cos2m
2
CA
t— 5 £ cos2m.t+CALA, cos(®; — Oy )t
-CA,ACos(o, +o, )t

o CAL +AD)

Her isad.cterm.

ando_,20 , 20)0, 0, To,0 -0 are sinusoidal frequencies, when
passed through a band pass filter, dc and 20 _, 20_parts are rejected,
0,0 to,0 -0 partsare transmitted as AM wave.

d2,=2(R+ hy)?

hT
8Rh;=2(R+hp)* (- d, = 2\2Rh; ) )
4Rh;=R*+ h?+2Rh; . §
(R-hp)?=0

. T .
Since space wave frequency is used, A
<< hy, hence only tower height is taken
to consideration.

oono
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CHAPTER 8

How will you get the solution of numericals

based onformula.......7

(A) Electrostatics

1.

A uniformly charged conducting sphere of 2.5 m in diameter has a
surface charge density of 100 p C/m2. Calculate the

(i) charge on the sphere

(i) total electric flux passing through the sphere  [Delhi 2008]

A dipole is present in an electrostatic field of magnitude 10° N/C. If
the work done in rotating it, from its position of stable equilibrium to
its position of unstable equilibrium, 2 x 10-23 J, find the magnitude
of the dipole moment of this dipole. [All India 2010C]

Two identical metallic spherical shells 4 and B having charges +4 Q
and — 10 Q are kept a certain distance apart. A third identical

uncharged sphere C is first placed in contact with sphere A and then

with sphere B, then spheres A and B are brought in contact and then
separated. Find the charge on the spheres A and B. [All India2011C]

A given charge situated at a distance from an electric dipole in the
end on position, experiences a force F. If the distance of charge is
doubled, what will the force acting on the charge?

Calculate the amount of work done in turning an electric dipole of
dipole moment 3 x 10~8 C-m from its position of unstable equilibrium
to the position of stable equilibrium, in a uniform electric field of
intensity 103N/C. [Foreign 2011]

A hollow cyindrical box of length 1 m and area of cross-section

25 cm? is placed in a three dimensional coordinate system as shown

in the figure. The electric field in the region is given by E=50xi ,
where E is in NC~! and x is in metres. Find : [Delhi 2013]
(1) Net flux through the cylinder

(i) Charge enclosed by the cylinder
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10.

11.

12.

13.

14.

=2 ~
—> E=50xi

0

[
/ \
4— Im—>

Z

Two charges of magnitudes +4Q and —Q are located at point (a, 0)
and (—3a, 0) respectively. What is the electric flux due to these
charges through a sphere of radius '2a' with its centre at the origin?

[All India 2013]
A hollow cylindrical box of length 0.5 m and area of cross-section
20 cm? is placed in a three dimensional coordinate system as shown

Y NI
) A A

in the figure. The electric field in the region is given by E=20x1 ,
where E is in NC~! and x is in metres. Find : [Delhi 2013]
(1) Net flux through the cylinder
(i) Charge enclosed in the cylinder
Two charges of magnitudes —3Q and +2Q are located at points (a, 0)
and (4a, 0) respectively. What is the electric flux due to these charges
through a sphere of radius ‘5a’ with its centre at the origin?

[All India 2013]
Calculate the electric field due to a dipole of length 10 cm and
consisting of +100 uC charges at a point 20 cm from each charge
(equatorial point).

Given a uniform electric field E =2x103] N/C, find the flux of this
field through a square of side 20 cm, whose plane is parallel to the
y—z plane. What would be the flux through the same square, if the
plane makes an angle of 30° with the x-axis ? [Delhi 2014]
An electric dipole of length 4 cm, when placed with its axis making
an angle of 60° with a uniform electric field, experiences a torque of

443 Nm. Calculate the potential energy of the dipole, if it has
charge+ 8 nC [Delhi 2014]
Given a uniform electric field E =4x10* 7 N/C. Find the flux of
this field through a square of 5 cm on a side whose plane is
parallel to the Y-Z plane. What would be the flux through the same
square if the plane makes a 30° angle with the x-axis? [Delhi 2014]
A 500 mC charge is at the centre of a square of side 10 cm. Find the
work done in moving a charge of 10 mC between two diagonally
opposite points on the square. [Delhi 2008]

GP_3166



How will you get the solution of numericals based on formula ...?2247

15.

16.

17.

18.

19.

Calculate the work done to dissociate the system of three charges
placed on the vertices of a triangle as shown.

Here q=1.6 x 10-10C [Delhi 2008]
q
10cm 10 cm
—4q 10 cm +2q

Calculate the potential at a point 9 cm away from a charge 4 x 1077 C.
Hence obtain the work done in bringing a charge of 2 x 10~° C from
infinity to that point.

Two charges +gq and —q are located at points 4 (0, 0, — 2)
and B (0, 0, 2) respectively. How much work will be done in moving
atest charge from point P (4,0,0)to Q(—5,0,0)? [Delhi 2009]
Two parallel plate capacitor, X and Y, have the same area of plates
and same separation between them. X has air between the plates

while Y contains a dielectric medium of €,=4.

(i) Calculate capacitance of each capacitor if equivalent
capacitance of the combination is 4 uF.

(i) Calculate the potential difference between the plates of Xand Y.

(i) What is the ratio of electrostatic energy stored in X and ¥ ?

[Delhi 2009]
Three idential capacitors C;, C,, and C; of capacitance WF each are
connected to a 12 V battery as shown. [Delhi 2009]
¢
— |
i
== BY —G,
|
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20.

21.

22.

23.

Find:

(i) charge on each capacitor

(i) equivalent capacitance of the network

(i) energy stored in the network of capacitors

The eqiuvalent capacitance of the combition of two capacitors

between A and B in the given figure is 4 pF.

by i
20uF C
(1) Calculate capacitance of the capacitor C.
(i) Calculate charge on each capacitor ifa 12 V battery is connected
across terminals 4 and B.

(iii) What will be the potential drop across each capacitor?

[Delhi 2009C]
A capacitor of 200 pF is charged by a 300 V battery. The battery is
then disconnected and the charge capacitor is connected to another
uncharged capacitor of 100 pF. Calculate the difference between the
final energy stored in the combined system and the initial energy
stored in the single capacitor. [All India 2010, Foreign 2012]
Four capacitors of values 6 uF, 6uF, 6 uF and 2 uF are connected to
a6V battery as shown in the figure. Determine.

6uF  6uF

+ —
1]
6V
(1) Equivalent capacitance of the network.
(i) The charge on each capacitor. [Delhi 2010C]

Figure shows two identical capacitors C; and C,, each of 2 uF
capacitance, connected to a battery of 5V. Initially switch S is
closed. After some time S'is left open and dielectric slabs of dielectric
constant K =5 are inserted to fill completely the space between the
plates of the two capacitors. How will the (i) charge and

GP_3166



How will you get the solution of numericals based on formula ...?2247

24.

25.

26.

27.

28.

(ii) potential difference between the plates of the capacitors be affected
after the slabs are inserted? [Delhi 2011]

/.

S

—5V¢c,—=2F C,”Z2uF

A capacitor of unknown capacitance is connected across a battery
of V volts. The charge stored in it is 360 uC. When potential across
the capacitor is reduced by 120 V, the charge stored in it becomes
120 uC.
(1) Calculate the potential V and the unknown capacitance C.
(i) What will be the charge stored in the capacitor, if the voltage
applied had increased by 120 V? [Delhi 2013]
A capacitor of unknown capacitance is connected across a battery
of V volts. The charge stored in it is 300 uC. When potential across
the capacitor is reduced by 100 V, the charge stored in it becomes
100 pC. Calculate the potential V and the unknown capacitance.
What will be the charge stored in the capacitor ifthe voltage applied
had increased by 100 V? [Delhi 2013]
Calculate the amount of work done to dissociate a system of
three charges 1 uC, 1 uC and — 4 uC placed on the vertices of
an equilateral triangle of side 10 cm. [All India 2013C]
Find the equivalent capacitance of the network shown in the
figure, when each capacitor is of 1 uF. When the ends X and Y
are connected to a 6 V battery, find out (i) the charge and (ii) the
energy stored in the network. [All India 2015]

|
A

<

| |

I
1
1

What is the electric flux through a cube of side lcm which
enclosed an electric dipole? [Delhi 2015]
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29. Two capacitors of unknown capacitances C, and C, are connected
first in series and then in parallel across a battery of 100 V. If the
energy stored in the two combinations is 0.045 J and 0.25 J
respectively, determine the value of C, and C,. Also calculate the
charge on each capacitor in parallel combination. [Delhi 2015]

30. (a) Given the electric field in the region E=2xi, find the net
electric flux through the cube and the charge enclosed by it

y

A

a

(b) A thin metallic spherical shell of radius R carries a charge Q

on its surface. A point charge % is placed at its centre C and

an other charge +2Q is placed outside the shell at a distance
x from the centre as shown in the figure. Find (i) the force on
the charge at the centre of shell and at the point A, (ii) the
electric flux through the shell. [Delhi 2015]

A

2Q

31. Two parallel plate capacitors X and Y have the same area of plates
and same separation between them. X has air between the plates
while Y contains a dielectric medium ofg =4.

X Y
P
L j
I5v
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(B)
32.

33.

34.

35.

(i) Calculate capacitance of each capacitor if equivalent
capacitance of the combination is 4 pF.
(i) Calculate the potential difference between the plates of X and Y.
(ii)) Estimate the ratio of electrostatic energy stored in X and Y.
[Delhi 2016]
Current Electricity
Two conducting wires X and Y of same diameter butdifferent materials
are joined in series across a battery. Ifthe number density of electrons
in Xis twice that in ¥, find the ratio of drift velocity of electrons in the
two wires. [All India 2010]
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 5Q as shown in the circuit, the voltmeter reading
dropsto 1.8 V. Find the internal resistance of the cell.

[All India 2010]
+ e
0,
+| —
II
— W ()
R=5Q K

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
ratio of Rand S? [Delhi 2010]
In a meter bridge, the null point is found at a distance 0of 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.
[Delhi 2010]

»
oe]

A~
~
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36.

37.

38.

39.

Two identical slabs, of a given metal, are joined together, in two
different ways, as shown in figures (a) and (b). What is the ratio of
the resistances of these two combinations? [Delhi 2010C]

st

/l

(@) (b)
The sequence of coloured bands in two carbon resistors R, and R, is
(i) brown, green, blue and
(i) orange, black, green
Find the ratio of their resistances. [Delhi 2010C]
A network of resistors is connected to a 16 V battery of internal
resistance 1 Q as shown in the figure.

40 120

(i) Compute the equivalent resistance of the network.

(i) Obtain the voltage drops Vg and V-, [Foreign 2010]
Calculate the steady current through the 2Q resistor in the circuit
shown. [Foreign 2010]
20
A B
—WWA
3Q
| v
I MW—

I
[
6V 28Q
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40. Inthe meter bridge experiment, balance point was observed at J with
AJ=1.

— W —

(i) Ifthe values of R and X were doubled and then interchanged,

what would be the new position of balance point?
(i) Ifthe galvanometer and battery are interchanged at the balanced

position, how will the balance point get affected?

[All India 2011]
41. You are 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? [Delhi 2011]
42 Inthecircuitshown, R} =4Q, R, =R;=15Q, R, =30Qand £=10
V. Calculate the equivalent resistance of the circuit and the current
in each resistor. [Delhi 2011]

43. 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 4 and B? [All India 2012]
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44.

45.

46.

47.

48.

& C
100
300
150 % %,5 0
2V— i
«—MWW— D
02A R

In the figure, a long uniform potentiometer wire 4B 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.
[Delhi 2012]

Find

() E,/E,and

(i) position of null point for the cell £

A conductor of length / is connected to a DC source of potential V.

If the length of the conductor is tripled by gradually stretching it,

keeping V constant, how will

(1) drift speed of electrons and

(i) resistance of the conductor be affected? Justify your answer.
[Foreign 2012]

A light bulb is rated at 120 W for a 240 V ac supply. Calculate the

resistance of the bulb. [All India 2013]

A light bulb is rated at 125 W for a 250 V ac supply. Calculate the

resistance of the bulb. [All India 2013]

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.
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49.

50.

51

52.

When connected across a resistance of 25 ohm it produces a
current of 0.25 A. Determine the (i) emf and (ii) internal resistance
of the cell. [All India 2013C]
The potential difference across the terminals of a battery is 10 V
when there is a current of 3A in the battery from the negative to the
positive terminal. When the current is 2A in the reverse direction,
the potential difference become 15 V. What is the internal resistance
of the battery ?
A uniform wire of resistance 12 Q is cut into three pieces so that
the ratio of the resistances R; : R, : Ry =1:2: 3 and the three
pieces are connected to form a triangle across which a cell of emf
8 V and internal resistance 1 Q is connected as shown. Calculate
the current through each part of the circuit.

[All India 2013C, Delhi 2013C]

8V

An ammeter ofresistance 0.80 Q can measure current upto 1.0 A.
(1) What must be the value of shunt resistance to enable the
ammeter to measure current upto 5.0 A?
(i) What is the combined resistance of the ammeter and the shunt?
[Delhi 2013]
The figure shows a circuit whose elements have the following val-
ues:

£,=30V, £,=60V,
R, =200, R,=40Q
i i
<« a <—
MWN———WW 1.
R, R, 152
i¢ R, .

aI%T
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53.

54.

5S.

56.

57.

58.

59.

60.

The three batteries are ideal batteries. Find the magnitude and
direction of the current in each of the three branches.

A 5V battery of negligible internal resistance is connected across a
200 V battery and a resistance of 39 Q as shown in the figure. Find

the value of the current. [Delhi2013]
5V
It
\—’\/\/\/—1 o
39Q 200V
A heating element is marked 210 V, 630 W. Find the resistance of the
element when connected to a 210V dc source. [Delhi 2013]

An ammeter of resistance 0.6 QQ can measure current upto 1.0 A.
Calculate (i) the shunt resistance required to enable the ammeter to
measure current upto 5.0A (ii) the combined resistance of the ammeter
and the shunt. [Delhi 2013]
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 1028 m=3.
[All India 2014]
A potentiometer wire of length 1.0 m has a resistance of 15 Q. It
is connected to a 5 V 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]
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]
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 ?[All India 2016]
[

6V

!

4

—
0 1Al—>

Two cells of emfs 1.5V and 2.0 V having internal resistances 0.2 W
and 0.3 W respectively are connected in parallel. Calculate the emf
and internal resistance of the equivalent cell. [Delhi 2016]
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61.

62.

©
63.

64.

65.

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) [Delhi 2016]

2V 150
— ——————AW—

[0)

12Q
15V

03Q

In the figure shown, an ammeter A and a resistor of
4 W are connected to the terminals of the source. The emf of the
source is 12V having an internal resistance of 2W. Calculate the

voltmeter and ammeter readings. [All India 2017]
©
[
v | 20
AANY
R=4Q
Magnetism

A straight wire carrying a current of 12 A is bent into a semi-circular
arc of radius 2.0 cm as shown. What is the magnetic field B at O due
to

(a) straight segments,

0)

(b) semicircular arc? [Foreign 2010]
A galvanometer coil of 50Q resistance shows full scale deflection
for a current of 5 mA. How will you convert this galvanometer into a
voltmeter of range Oto 15 V? [Foreign 2011]
A wire AB is carrying a steady current of 12A and is lying on the
table. Another wire CD carrying 5A is held directly above AB at a
height of 1 mm. Find the mass per unit length of the wire CD so that
itremains suspended at its position when left free. Give the direction
ofthe current flowing in CD with respect to that in AB.
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[Take the value of g= 10 ms?] [All India 2013]
66. A wire AB is carrying a steady current of 6 A and is lying on the

67.

68.

69.

70.

71.

72.

73.

74.

table. Another wire CD carrying 4A is held directly above AB at a
height of 1 mm. Find the mass per unit length of the wire CD so that
itremains suspended at its position when left free. Give the direction
ofthe current flowing in CD with respect to that in AB.

[Take the value of g= 10 ms 2] [All India 2013]
A Rowland ring of mean radius 15 cm has 3500 turns of wire wound
on a ferromagnetic core of relative permeability 800. What is the
magnetic field B in the core for a magnetising current of 1.2A ?

A coil of 'N' turns and radius 'R’ caries a current 'I'. It is unwound
and rewound to make a square coil of side 'a' having same
number of turns (N). Kepping the current 'I' same, find the ratio
of the magnetic moments of the square coil and the circular coil.
The coil area of a galvanometer is 25 x 1074 m2. It consists of
150 turns of a wire and is in a magnetic field of 0.15 T. The
restoring torque constant of the suspension fibre is 10 N m per
degree. Assuming the magnetic field to be radial, calculate the
maximum current that can be measured by the galvanometer, if the
scale can accommodate 30° deflection. [All India 2013C]
A magnetic needle free to rotate in a vertical plane parallel to the
magnetic meridian has its north tip down at 60° with the horizontal.
The horizontal components of the earth’s magnetic field at the place
isknown to be 0.4 G. Determine the magnitude of the earth’s magnetic
field at the place. [Delhi 2011]
The vertical component of the earth’s magnetic field at a given place

in /3 times its horizontal component. If total intensity of earth’s

magnetic field at the place is 0.4 G find the value of :

(1) angleofdip

(i) thehorizontal component of earth’s magnetic field.

Current in a circuit falls steadily from 2.0 At0 0.0 A in 10 ms. Ifan
average emf of 200 V is induced, calculate the self-inductance of the
circuit. [Foreign 2011]
A rod PQ oflength 0.5 m completes a circuit which is placed with its

plane normal to a uniform magnetic field B of0.15 T, as shown. If
the resistance of rod is 3Q2, what will be the force required to move
the rod with a constant velocity of 2 m/s ?

A rectangular conductor LMNO is placed in a uniform magentic field
at 0.5 T. The field is directed perpendicular to the plane of the
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75.

76.

77.

78.

conductor. When the arm MN of length 0of 20 ¢cm is moved towards
left with a velocity of 10 ms™, calculate the emf inducted in the arm.
Given the resistance of the arm to be 5Q (assuming that other arms
are of negligible resistance) find the value of the current in the arm.

[All India 2013]
___>
X " X BX X X mi__ X
X X X X X XT X
X X X X u X X ! X
X X X X X X X
X X X X X X X
O

N
X X X X X X X

(a) A wheel with 10 metallic spokes each 0.5 m long is rotated with
a speed of 120 rev/min in a plane normal to the Earth’s magnetic
field at the place. Ifthe magnitude of the field is 0.4 G, what is
the induced emf between the axle and the rim of the wheel?

(b) A circular coil having 20 turns, each of radius § cm, is rotating
about its vertical diameter with an angular speed of 50 radians
s~! in a uniform horizontal magnetic field of magnitude 30 mT.
Obtain the maximum, average and r.m.s. values of the emf
induced in the coil.

If the coil forms a closed loop of resistance 10 QQ, how much
power is dissipated as heat in it?

A wheel with 8 metallic spokes each 50 cm long is rotated with a
speed of 120 rev/min. in a plane normal to the horizontal component
ofthe Earth's magnetic field. The earth's magnetic field at the place
is 0.4 G and the angle of dip is 60°. Calculate the emf induced be-
tween the axle and the rim ofthe wheel. How will the value of emf'be
affected if the number of spokes were increased? [All India2013]

The Earth’s magnetic field at the Equator is approximately 0.4 G
Estimate the Earth’s magnetic dipole moment. Given : Radius of the
Earth = 6400 km. [All India 2015]
A horizontal conducting rod 10 m long extending form east to west
is falling with a speed 5.0 ms™! at right angles to the horizontal
component of the Earth's magnetic field, 0.3 x 104 Wb m2. Find
the instantaneous value of the emf induced in the rod.

[All India 2017]
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(D) EMI, Alternating Current and EM waves

79

80.

81.

82.

83.

84.

85.

An inductor of unknown value, a capacitor of 100 mF and a resistor
of 10 Q are connected in series to a 200 V, 50 Hz a.c. source. It is
found that the power factor of the circuit is unity. Calculate the
inductance of the inductor and the current amplitude. [Delhi 2008]
A series L-C-R circuit is connected to a 220V variable frequency AC
supply. IfL.=20 mH, C = (800/7%) uF and R = 110 Q then find

(1) the frequency of the source, for which average power absorbed

by the circuit is maximum.
(i) the value of maximum current amplitude. [Delhi 2010C]

5 50
A resistor 0400 Q, a inductor of = H and a capacitor of o uF are

connected in series across a source of alternating voltage of
140 sin 100 mt V. Find the voltage (rms) across the resistor, the
inductor and the capacitor. [Foreign 2010]
Anelectrical device draws 2kW power from AC mains (voltage 223V

(rms) = +/50,000 V). The current differs (lags) in phase by

0 (tan o= _73) as compared to voltage.

Find (i) R, (ii) X — X}, and (iii) /;,. Another device has twice the
values for R, X~and X;. How are the answers affected?

A step-down transformer operated on a2.5 kV line. It supplies a load
with 20 A. The ratio of the primary winding to the secondary is
10 : 1. If the transformer is 90% efficient, calculate

(i) the power output (i) the voltage and

(ii)) the current in the secondary. [Foreign 2010]
An alternating voltage given by /=140 sin 314 ¢ is connected across
a pure resistor of 50 Q. Find

(i) the frequency of the source

(i) the rms current through the resistor [All India 2012]
The figure shows a series L-C-R circuit with L=10.0 H, C =40 uF
and R = 60 Q connected to a variable frequency source of 240 V.
Calculate.

W

@ —C
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86.

87.

88.

89.

90.

91.

(1) theangular frequency of the source which drives the circuit at
resonance.

(i)) the current at the resonating frequency.

(ii)) the rms potential drop across the inductor at resonance.

[Delhi 2012]
1MW power is to be delivered from a power station to a town 10 km
away. One uses a pair of Cu wires of radius 0.5 ¢cm for this purpose.

Calculate the fraction of ohmic losses to power transmitted if

(i) power is transmitted at 220V. Comment on the feasibility of
doing this.

(i) a step-up transformer is used to boost the voltage to 11000 V,
power transmitted, then a step-down transformer is used to
bring voltage t0220 V. (p, = 1.7 x 108 SL unit)

You are given a 2uF parallel plate capacitor. How would you establish

an instantaneous displacement current of ImA in the space between

its plates?

A parallel plate capacitor made of circular plates each of radius R=

6.0 cm has a capacitance C = 100 pF. The capacitor is connected to

a 230V a.c. supply with an angular frequency of 300 rad. s™'.

SN

()
©

(a) What is the r.m.s. value of the conduction current?
(b) Isthe conduction current equal to the displacement current?
(c) Determine the magnitude of B at a point 3.0 cm from the axis
between the plates.
A capacitor of unknown capacitance, a resistor of 100 Q and an
inductor of self-inductance L = (4/7%) henry are in series connected
to an ac source of 200 V and 50 Hz. Calculate the value of the
capacitance and the current that flows in the circuit when the
current is in phase with the voltage. [All India 2013C]
How much current is drawn by the primary ofa transformer connected
10220 V supply when it delivers power toa 110V — 550 W refrigerator?
[All India 2016]
A pair of adjacent coils has a mutual inductance of 1.5 H. If the
current in one coil changes from 0t020 Ain 0.5 s. what is the change
of flux linkage with the other coil? [Delhi 2016]
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92.

(E)
93.

9.

9s.

96.

97.

98.

99.

100.

101.

102.

103.

104.

105.

The primary coil of an ideal step up transformer has 100 turns and
transformation ratio is also 100. The input voltage and power are
respectively 220 V and 1100 W. Calculte

(@) Number of turns in secondary ~ (b) Current in primary

(c) Voltage across secondary (d) Current in secondary
(e) Power in secondary [Delhi 2016]
Optics

A ray of light passing through an equilateral triangular glass prism
from air undergoes minimum deviation when angle of incidence is
3/4th of the angle of prism. Calculate the speed of light in the prism.
[Delhi 2008]
A converging lens of refractive index 1.5 is kept in a liquid medium
having same refractive index. What would be the focal length ofthe
lens in this medium? [Delhi 2008]
Calculate the distance of an object of height h from a concave mirror
of focal length 10 cm, so as to obtain a real image of magnification.
[Delhi 2008]
An astronomical telescope uses two lenses of powers 10 Dand 1 D.
What is its magnifying power in normal adjustment? [All India 2010]
An object of 3 cm height is placed at a distance of 60 cm from a
convex mirror of focal-length 30 cm. Find the nature, position and
size of the image formed. [All India 2010]
A convex lens is used to obtain a magnified image of an object on a
screen 10 cm from the lens. If the magnification is 19, find the focal-
length of the lens. [All India 2010]
Two thin lenses of power + 6D and — 2D are in contact. What is the
focal length of the combination? [All India 2010]
A lens of refractive index 1.45 disappears when immersed in a liquid.
What is the value of refractive index of the liquid?  [Delhi2010]
Find the radius of curvature of convex surface of a plano-convex
lens, whose focal length is 0.3 m and the refractive index of the
material of the lensis 1.5. [Delhi 2010]
A biconvex lens has a focal length 2/3 times the radius of curvature
ofeither surface. Calculate the refractive index of lens material.
[Delhi 2010]
Calculate the speed of light in a medium whose critical angle is 30°.
[Delhi 2010]
The radii of curvature of the faces of a double convex lens are 10 cm
and 15 cm. Iffocal length ofthe lens is 12 ¢m, find the refractive index
of the material of the lens. [Delhi 2010]
A convex lens has 20 cm focal length in air. What is its focal length
in water? (Refractive index of air-water = 1.33, refractive index of
air-glass=1.5). [Foreign 2010]
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106.

107.

108.

109.

110.

111.

112.

A converging lens has a focal length of 20 cm in air. It is made of a
material of refractive index 1.6. It is immersed ina liquid of refractive
index 1.3. Calculate its new focal-length. [All India 2011]

A compound microscope uses an objective lens of focal length 4 cm
and eyepiece lens of focal length 10 cm. An object is placed at 6 cm
from the objective lens. Calculate the magnifying power of the
compound microscope. Also calculate the length of the microscope.

[All India 2011]

A giant reflecting telescope at an observatory has an objective lens
of focal length 15 m. If an eyepiece lens of focal length 1.0 cm is
used, find the angular magnification of the telescope.

If'this telescope is used to view the moon, what is the diameter of the
image of the moon formed by the objective lens? The diameter of the
moon is 3.42 x 10% m and the radius of the lunar orbitis 3.8 x 108 m.

[All India 2011]

Two convex lenses of focal length 20 cm and 1 ¢cm constitute a
telescope. The telescope is focused on a point which is 1 m away
from the objective. Calculate the magnification produced and the
length of the tube, if the final image is formed at a distance, 25 cm
from the eyepiece. [Delhi 2011C]

The objective of an astronomical telescope has a diameter of 150 mm
and a focal length of 4.00 m. The eyepiece has a focal length of
25.00 mm. Calculate the magnifying and resolving power of telescope.

(A=6000A for yellow colour). [Delhi 2011C]
Find the position of the image of the object O formed by the lens
combination given in the figure. [Foreign 2011]

f=+10cm —10cm 30cm

<30 cm

5cm 10 cm

Youare given three lenses L,, L, and L each of focal length 10 cm.
An object is kept at 15 cm in front of L, as shown. The final real
image is formed at the focus 7 of ;. Find the separation between
Liand L,, L, and L. [All India 2012]
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113.

114.

115.

116.

117.

118.

119.

120.

T

1
|<—15 cm 10cm_>|

For the same value of angle of incidence, the angles of refraction in
three media 4, B and C are 15°, 25° and 35° respectively. In which
medium would the velocity of light be minimum? [All India 2012]
The focal lengths of the objective and eyepiece of a microscope are
1.25 cm and 5 cm respectively. Find the position ofthe object relative
to the objective in order to obtain an angular magnification of 30 in
normal adjustment. [Delhi 2012]
A convex lens of focal length f| is kept on contact with a concave
lens of focal length £,. Find the focal length of the combination.
[All India 2013]
(a) A small telescope has an objective lens of focal length 140 cm
and an eyepiece of focal length 5.0 cm. Find the magnifying
powr of the telescope for viewing distant obejcts when:
(i) the telescope is in normal adjsutment and
(i) the final image is formed at the least distance of distinct

vision.
(b) Also, find the separation between the objective and the
eyepiece. [All India 2013C]

An equiconvex lens of focal length 15 c¢m is cut into two equal
halves in thickness. What is the focal length of each half?
A ray of light passes through an equilateral prism in such a way
that the angle of incidence is equal to the angle of emergence and
each of these angles is 3/4th the angle of the prism. Determine
the (i) angle of deviation and (ii) the refractive index of the prism.
[All India 2013C]
A convex lens of focal length 25 c¢m is placed coaxially in contact
with a concave lens of focal length 20 cm. Determine the power of
the combination. [Delhi 2013]
A convex lens of focal length 30 ¢m is placed coaxially in contact
with a concave lens of focal length 40 cm. Determine the power of
the combination. Will the system be converging or diverging in
nature? [Delhi 2013]
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121.

122.

123.

124.

125.

126.

127.

128.

A small bulb (assumed to be a point source) is placed at the
bottom of a tank containing water to a depth of 60 cm. Find out
the area of the surface of water through which light from the bulb,
can emerge. Take the value of the refractive index of water to be
4/3. [Delhi 2013C]
A biconvex lens made of a transparent material of refractive index
1.25 isimmersed in water of refractive index 1.33. Will the lens behave
as a converging or a diverging lens? Give reason. [All India, 2014]
Two monochromatic rays of light are incident normally on the face
AB of an isosceles right-angled prism ABC. The refractive indices
of the glass prism for the two rays 'l' and '2' are respectively 1.35
and 1.45. Trace the path of these rays after entering the prism.

A [All India, 2014]

45°

{

45°
B C
What is the value of the critical angle for a material of refractive

index /3 ?
A convex lens of focal length 20 ¢cm is placed coaxially with a convex
mirror of radius of curvature 20 cm. The two are kept at 15 cm apart.
A point object lies 60 cm in front of the convex lens. Draw a ray
diagram to show the formation of the image by the combination.
Determine the nature and position of the image formed.

[All India, 2014]
A convex lens is placed in contact with a plane mirror. A point object
at a distance of 20 cm on the axis of this combination has its image
coinciding with itself. What is the focal length of the lens?

[Delhi 2014]

The total magnification produced by a compound microscope is 20.
The magnification produced by the eye piece is 5. The microscope
is focussed on a certain object. The distance between the objective
and eyepiece is observed to be 14 cm. If least distance of distinct
vision is 20 cm, calculate the focal length of the objective and the
eye piece. [Delhi 2014]
If the angle between the pass axis of polarizer and the analyser is
45°, write the ratio of the intensities of original light and the transmitted
light after passing through the analyser. [Delhi 2009]
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129.

130.

131.

132.

133.

134.

135.

In Young’s double slit experiment, the two slits 0.15 mm apart are
illuminated by monochromatic light of wavelength 450 nm. The screen
is 1.0 m away from the slits. Find the distance of the second
(a) bright fringe,
(b) dark fringe from the central maximum. [All India 2010]
A beam of light, consisting of two wavelengths 560 nm and 420 nm,
is used to obtain interference fringes in a Young’s double slit
experiment. Find the least distance from the central maximum, where
the bright frings, due to both the wavelengths coincide. The distance
between the two slits is 4.0 mm and the screen is at a distance of
1.0 m from the slits. [Delhi 2010C]
Yellowlight (A =6000 A) illuminates a single slit of width 1 x 104 m.
Calculate the distance between two dark lines on either side to the
central maximum, when the diffraction pattern is viewed on a screen
kept 1.5 m away from the slit. [All India 2011C]
Between two polaroids placed in crossed position, a third polaroid
is introduced. The axis of the third polaroid makes an angle of 30°
with the axis of the first polaroid. Find intensity of transmitted light
from the system assuming I, to be the intensity of polarized light
obtained from the first polaroid. [All India 2011C]
Light passes through two polaroids P, and P, with pass axis of P,
making an angle 0 with the pass axis of P;. For what value of 0 is the
intensity of emergent light zero? [Foreign 2011]
The intensity at the central maxima (O) in a Young’s double slit
experiment is /. If the distance OP equals one-third of fringe width
of the pattern, show that the intensity at point P would be /,/4.
[Foreign 2011]

Two polaroids, 4 and B are kept in crossed position. How should a
third polaroid, C be placed between them so that the intensity of
polarized light transmitted by polaroid, B reduces to 1/8th of the
intensity of unpolarized light incident on 4? [All India 2012]
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136.

137.

138.

139.

140.

141.

142

143.

144.

145.

146.

147.

Calculate the wavelength of light in glass if the frequency of light is
6 x 10'4 Hz and the refractive index of glass is 1.5
A parallel beam of light of 450 nm falls on a narrow slit and the
resulting diffraction pattern is observed on a screen 1.5 m away. Itis
observed that the first minimum is at a distance of 3 mm from the
centre of the screen. Calculate the width of the slit. [All India 2013]
Two wavelengths of sodium light 590 nm and 596 nm are used, in
turn, to study the diffraction taking place due to a single slit of
aperture 1 x 1074 m. The distance between the slit and the screen is
1.8 m. Calculate the separation between the position of the first
maxima of the diffraction pattern obtained in the two cases.
[All India 2013C, Delhi 2013]
The human eye has an approximate angular resolution of ¢ =5.8 x
104 rad and a typical photoprinter prints a minimum of 300 dpi (dots
per inch, 1 inch =2.54 cm). At what minimal distance z should a
printed page be held so that one does not see the individual dots.
An a-particle and a proton are accelerated from rest by the same
potential. Find the ratio of their de-Broglie wavelengths.
[All India 2010]
The ratio between the de-Broglie wavelengths associated with
protons, accelerated through a potential of 512 V and a-particles,
accelerated through a potential of x volt, is found to be one. Find the
value of x. [Delhi 2010C]
Find the ratio of the de-Broglie wavelength, associated with
(i) protons, accelerated through a potential of 128 V and
(i) o-particles, accelerated through a potential of 64 V.
[Delhi 2010C]
Two metals A and B have work function 2eV and 6eV respectively
which of these will emit radiation when irradiated by light of
wavelength 400 nm?
What is momentum of photon of wavelength 0.014?
A particle is moving three times as far as an electron. The ratio of the
de-Broglie wavelength of the particle to that of the electron is
1.813 x 107, Calculate the particle’s mass and identify the particle.
[All India 2011C]
An electron and a photon each have a wavelength 1.00. Find
(i) their momenta,
(i) the energy of the photon and
(ii)) the kinetic energy of electron [All India 2011C]
An electron microscope uses electrons accelerated by a voltage of
50 kV. Determine the de-Broglie wavelength associated with the
electrons. Taking other factors, such as numerical aperture etc. to be
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148.

149.

150.

151.

152.

153.

154.

155.

156.

same, how does the resolving power of an electron microscope
compare with that of an optical microscope which used yellow light?
[All India 2014]

Monochromatic light of frequency 5. 0 x 10" Hz is produced by

a laser. The power emitted is 3.0 x 10~ 3 W. Estimate the number of

photons emitted per second on an average by the source.

[Delhi 2014]

Monochromatic light of frequency 6.0 x 10'4 Hz is produced by a

laser. The power emitted is 2.0 x 10~ W. Estimate the number of

photons emitted per second on an average by the source.
[Delhi 2014]

The equivalent wavelength of a moving electron has the same

value as that of a photon of energy 6 x 10 ~'7 J. Calculate the

momentum of the electron. [All India 2015]

A ray of light passes through an equilateral glass prism such that

the angle of incidence is equal to the angle of emergence and each

of these angles is equal to 3/4 of angle of prism. Find the angle

of deviation. [All India 2015]

A concave lens of refractive index 1.5 is immersed in a medium of

refractive index 1.65. What is the nature of the lens?

[Delhi 2015]

Answer the following questions :

(a) Inadouble slit experiment using light of wavelength 600 nm,
the angular width of the fringe formed on a distant screen is
0.1°. Find the spacing between the two slits.

(b) Light of wavelength 5000 A propagating in air gets partly
reflected from the surface of water. How will the wavelengths
and frequencies of the reflected and refracted light be
affected? [Delhi 2015]

(1) A giant refracting telescope has an objective lens of focal
length 15 m. If an eye piece of focal length 1.0 cm is used,
what is the angular magnification of the telescope?

(i) If this telescope is used to view the moon, what is the
diameter of the image of the moon formed by the objective
lens? The diameter of the moon is 3.48 x 10 m and the radius

of lunar orbit is 3.8 x 10% m. [Delhi 2015]
What is the value of refractive index of a medium of polarising angle
60°7 [All India 2016]

Light from a point source in air falls on a convex spherical glass
surface of refractive index 1.5 and radius of curvature 20 cm. The
distance of light source from the glass surface is 100 cm. At what
position is the image formed? [All India 2016]
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157.

158.

159.

(F)

160.

161.

162.

163.

164.

165.

Calculate the distance of an object of height h from a concave mirror

of radius of curvature 20, so as to obtain real image of magnification

2. Find the location of image also. [Delhi 2016]

(a) Monochromatic light of wavelength 589 nm is incident from air
on a water surface. [ for water is 1.33, find the wavelength,
frequency and speed of the refracted light.

(b) A double convex lens is made of a glass of refractive index 1.55
with both faces of the same radius of curvature. Find the radius
of curvature required, if the focal length is 20 cm.

[All India 2017]

A ray of light passing from air through an equilateral glass prism

undergoes minimum deviation when the angle of incidence is Zth

of the angle of prism. Calculate the speed of light in the prism.
[All India 2017]
Atoms and Nuclei
The radius of innermost electron orbit of a hydrogen atom is
5.3 x 1071 m. What is the radius of orbit in the second excited state?
[Delhi 2010]
The electron in a given Bohr orbit has a total energy of — 1.5 eV.
Calculate its
(1) kinetic energy
(i) potential energy
(iii) wavelength of radiation emitted, when this electron makes a
transition to the ground state. [Delhi 2011, 2011C]
The electron in hydrogen atom is initially in the third excited state.
What is the maximum number of spectral lines which can be emitted
when it finally moves to the ground state? [Delhi 2012]
The ground state energy of hydrogen atom is— 13.6 ¢V. Ifan electron
makes a transition from an energy level — 0.85 eV to — 1.51 eV,
calculate the wavelength of the spectral line emitted. To which series
of hydrogen spectrum does this wavelength belong? [All India 2012]
The electron in the hydrogen atom passes from the n = 4 energy
level to n =1 level. What is the maximum number of photons that can
be emitted? and minimum number?
Given that the Bohr radius of hydrogen atom is 5.3 x 10711 m.
Determine its radius in the first excited state and calculate the
total energy in this state. [Delhi 2013C]
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166.

167.

168.

169.

170.

171.

172.

173.

A 12.5 eV electron beam is used to bombard gaseous hydrogen at
room temperature. Upto which energy level the hydrogen atoms
would be excited?

Calculate the wavelengths of the first member of Lyman and first
member of Balmer series. [Delhi 2014]
A 129 eV beam of electronic is used to bombard gaseous
hydrogen at room temperature. Upto which energy level the
hydrogen atoms would be excited ?

Calculate the wavelength of the first member of Paschen series
and first member of Balmer series. [Delhi 2014]

The energy levels of an atom are as shown in figure. Which ofthese
transitions will result in emission of photon of wavelength 275 nm?
OeV
i —2eV
B C —4.5eV
, D
-10eV

A nucleus ) Na undergoes B-decay and becomes 7} Na . Calculate
the maximum kinetic energy of electrons emitted assuming that the
daughter nucleus and anti -neutrino carry negligible kinetic energy.
[mass of 2Na = 22.994466 u;, mass of ;' Na = 22.989770 u;
1u=931.5MeV/c?] [Delhi 2008]
Findout the binding energy per nucleon of an o — particle in MeV
m,=1.00728 u, m,=1.00867 u, m,=4.00 150 u.

Two nuclei have mass numbers in the ratio 2 : 5. What is the ratio of
their nuclear densities ? [Delhi 2009]

A radioactive nucleus ‘4’ undergoes a series of decays according to
the following scheme :

/R EN/RE SN SNy/N SNy

The mass number and atomic number of 4 are 190 and 75 respectively.
What are these numbers for 4, ? [Delhi 2009]
A heavy nucleus X of mass number 240 and binding energy per
nuclean 7.6 MeV is splited, into two fragments ¥ and Z of mass
numbers 110 and 130. The binding energy of nucleons in Yand Zis
8.5 MeV per nucleon. Calculate the energy, released per fission in
MeV. [Delhi 2010]

GP_3166



How will you get the solution of numericals based on formula ...?271

174.

175.

176.

177.

178.

179.

180.

181.

182.

A nucleus of mass number 225 splits into two fresh nuclei having
mass numbers in the ratio 3 : 2. Ifthe nuclear radiusisR=1.1 x 10~
A3 m, find the radii of the new nuclei.

In a given sample, two radio isotopes, A and B, are initially present
in the ratio of 1 : 4. The half-lives of A and B are 100 yr and 50 yr
respectively. Find the time after which the amounts of 4 and B become
equal. [Foreign 2012]
The number of nuclei of a given radioactive sample at time
t=0and =T are N, and Ny/n respectively. Obtain an expression
for the half-life (T,,) of the nucleus in terms of n and T.

[Delhi 2013C]
Calculate the energy release in MeV in the deuterium- tritium
fusion reaction : [Delhi 2015]

2H+} H— > 3He+n
Using the data :

m(?H) = 2.014102u
m(H) = 3.016049u

m(3 He) = 4.002603u
m, =1.008665u

lu=931.5MeV/c?

Calculate the de-Broglie wavelength of the electron orbitting in the
n =2 state of hydrogen atom. [All India 2016]
Calculate the shortest wavelength of the spectral lines emitted in
Balmer series.

[Given Rydberg constant, R=107 m™!] [All India 2016]
A nucleus with mass number A =240 and BE/A =7.6 MeV breaks
into two fragments each of A= 120 with BE/A= 8.5 MeV. Calculate
the released energy. [Delhi 2016]
Calculate the energy in fusion reaction.

2H+3H—> 3He+n, where BE of H=2.23 MeV

and of 3He = 7.73 MeV

[Delhi 2016]
A 12.5 eV electron beam is used to excite a gaseous hydrogen atom
at room temperature. Determine the wavelengths and the
corresponding series of the lines emitted. [All India 2017]
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(G) Electronics and Communication systems

183. The typical output characteristics (/- versus V) of an n-p-n
transistor in CE configuration, is shown in the figure. Calculate.
(@) the output resistance 7, and

(b) the current amplification factor 8 5. [Foreign 2010]
<
g
g
~10
=8 60 mA
58 50 mA
6 40 mA
5 NIa= 30 mA
Q
3 N = 20 mA
3 10 mA
O
2 4 6 8 10 12 14 16

184. Assuming that the two diodes D; and D, used in the electric
circuit shown in the figure are ideal, find out the value of the

current flowing through 2.5Q resistor. [Delhi 2013C]
D
e
D, 30
—D'—'\vav—
+=:_ \AAAA

185. Consider the circuit arrangement shown in Fig. (a) for studying input
and output characteristics of npn transistor in CE configuration.

loc <
RC
VCE
B C
lg = 30pA
E B
Re v Il Vee
BE
v 3
8s 8V Vg (Volts)
Fig. (a) Fig. (b)

Select the values of R and R - for a transitor whose Vp=0.7V, so
that the transistor is operating at point Q as shown in the
characteristics shown in Fig. (b).
Given that the input impedance of the transistor is very small and
Vo= V=16V, alsofind the voltage gain and power gain of circuit
making appropriate assumptions.
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186.

187.

188.

189.

190.

191.

192.

193.

194.

195.

Suppose a ‘n’-type wafer is creatd by doping Si crystal having 5 x
1028 atoms/m3 with 1ppm concentration of As. On the surface 200
ppm Boron is added to create ‘P’ region in this wafer. Considering »;
=1.5x10°m3,
Calculate the densities of the charge carries in the » and p regions.
A transmitting antenna at the top ofa tower has a height of 36 m and
the height of the receiving antenna is 49 m. What is maximum distance
between them, for satisfactory communication in the LOS mode?
[Delhi 2008]
By what percentage will the transmission range of a TV tower be
affected when the height of the tower is increased by 21% ?
[Delhi 2009]
A carrier wave, ¢(t) = Ac sin o, is amplitude modulated by a

modulating signal, m(¢) = 4,, sin®,, . The maximum and minimum

amplitudes of the resulting AM wave are found tobe 16 Vand4 V
respectively. Calculate the modulation index. [Delhi 2010]
ATV tower is 80 m tall. Calculate the maximum disance upto which
the signals transmitted from the tower can be recieved. [Delhi 2010]
A carrier wave of peak voltage 18 V is used to transmit a message
signal. Calculate the peak voltage of the modulating signal in order
to have amodulation index of 50%. [Delhi 2012]
A transmitting antenna at the top ofa tower has a height of 45 m and
the height ofthe receiving antenna is 80 m. Calculate the maximum
distance between them for satisfactory communication in LOS mode.
(Radius of the Earth=6.4 x 10°m) [All India 2013]
A transmitting antenna at the top ofa tower has a height of 45 m and
the receiving antenna is on the ground. Calculate the maximum
distance between them for satisfactory communication in LOS mode.
(Radius of the Earth= 6.4 x 10 m) [All India 2013]
A 50 MHz sky wave takes 4.04 ms to reach a receiver via re-
transmission from a satellite 600 km above earth’s surface. Assuming
re-transmission time by satellite negligible, find the distance between
source and receiver. If communication between the two was to be
done by Line of sight (LOS) method, what should size and placement
of receiving and transmitting antenna be?

(1) The intensity of a light pulse travelling along a communication
channel decreases exponentially with distance x according to
the relation /=1, e~ %, where [  is the intensity atx=0 and a is
the attenuation constant.
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196.

197.

198.

PHYSICS

Show that the intensity reduces by 75 per cent after a distance

a
(i) Attenuation of a signal can be expressed in decibel (dB)

I
according to the relation dB = 10 1°g10[1_J- What is the
o

attenuation in dB/km for an optical fibre in which the intensity
falls by 50 per cent over a distance of 50 km?

A carrier wave of frequency 1.5 MHz and amplitude 50 V is
modulated by a sinusoidal wave of frequency 10 kHz producing
50% modulation. Calculate the amplitude of A.M. wave and
frequencies of the side bands produced. [Delhi 2013C]

For a CE-transistor amplifier, the audio signal voltage across the
collector resistance of 2kQ is 2V. Suppose the current amplification
factor of the transistor is 100, find the input signal voltage and base
current, ifthe base resistance is 1 kQ. [All India 2016]

The frequencies of two side bands in an AM wave are 640 kHz and
660 kHz respectively. Find the frequencies of carrier and modulating
signal. What is the bandwidth required for amplitude modulation?

[All India 2017]
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SOLUTIONS

1. Given, diameter, D=2.5m
- radiusR=125m

6=100p C/m? =100° 10" 6C/m?
(1) Charge on the sphere

4= (47R%).0 = 4x3 14x(1.25)? x(100x1075)

=1.96x1073C
(i) Total electric flux passing through the sphere,
-3
op =L = 120X10° 5 5 108NC ! m?

€  885x10712
2. Electric field intensity £ = 106 N/C

Work done (W) =2x 10737
Work done in rotating the dipole from stable equilibrium position to
unstable equilibrium position.

W = pE(cos0°—cos180°) = 2pE

W 2x1073
2 2x10°
3.  When C and A are placed in contact, charge of A equally divides in
two spheres. Therefore charge on each A and C=+2Q
Now, C is placed in contact with B, then charge on each B and C

Dipole moment, p= =10%cm

becomes

20+(-10

M _ 40

When A and B are placed in contact then charge on each, A and B
becomes

20+(-40) _

T = _Q

4, For an electric dipole, Foo%
r

F
New force, F! = =

oo | 1
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For unstable equilibrium, the angle between p and £'is 6, = 180°.
For stable equilibrium 0, = 0°
Required work done

W = pE(cos8; —cos8,)
=3x1078 x 10 (cos180° - cos 0°)
=—6x107]
(i) From question, it is clear that the electric field E = 50 xi is

directed along the x-axis. Hence, there is no electric flux
through the curved surface.

y

S

A
J

€«— Im—>
z

Electric field on the left face of the cylinder,

E=50i (- x=1m)
.. Electric flux through this face
¢1=PE.ds=-ExA

.. _ 2
=50%25x10™*m? ( A=25cm )

=—0.125NC m?
Electric flux through the other face
0,=ExA (v E=50xi,x=2m)
=100x25x 10
=0.25NCm?

Net flux through the cylinder = ¢, + ¢,
=0.25-0.125NC'm?
=0.125NC I m?
(i) Let q be the charge enclosed by the cylinder.
According to Gauss's theorem

o=
Sy
=05

=0.125x8.854x10712C
=1.11x10"12C
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7.  Itisclear that the sphere of radius 2a encloses the charge +4Q only

y
Sphere
g r=2a |+4Q
B —t A
(32, 0) 0 @0
Therefore, electric flux
¢=gﬁ13:.a“s=i.4Q=4—Q
<0 <0
8 (@) Given: E=20x1i
A=20cm2=20 x 10~* m?2
Y
(@) | \ - ‘ ¢
<« 0.5m -»M

Since the electric field E = 20x i isdirected along the x-axis, there is
no any flux across curved surface.
Flux through the face A of the cylinder

¢l = @E . (_i-s:
=Es cos 180°
=20x0.5x%(-1)x20x 10
=-200 x 10#=-2 x 102NC"! m2
Flux through the face B of the cylinder

¢, = E . ds
=EAcos0=20x20x10%x1
=400 x 104=4 x 102 NC"1 m?
Therefore net flux through the cylinder
0=0;+¢,
=4x102-2x1072
=2x10"2NC-! m?
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(i) According to Gauss's theorem
¢=IE.&§=2 or, 2x1072 =g
S S
or, Q=2x1072x8854x10712
=1.7708 x 10713 C
Hence the charge enclosed by the cylinder is 1.7708 x 10~13 C

9. Ifwedraw a spherical surface of radius 5a, it will enclose both the

charges as shown in figure.
y

X
>0 (a,0) (4a,0)

.. Net charge enclosed by the spherical surface is—3Q+2Q=-Q

.. By Gauss’s theorem, electric flux

I | Q
=$E.ds=—(-Q)=-—~
b-gE.& a9
- kp

1o. E= 2+ a2y

_910°" 100" 107 %" 0.1

3 =1.125x 10’ N/C.
0.2)

11. When the plane is parallel to the y-z plane:
- -
0=E.A
ﬁ ~
Here: E =2x103; N/C
d ~ a
A=(20cm)?i=4x102; m?

0=(2 x1037).(4x10727)
=  ¢=80NC'm?
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12.

13.

When the plane makes a 30° angle with the x-axis, the area vector
makes a 60° angle with the x-axis.
- -

0= E-A = o¢6=EAcos0
= 0=02x10%)(4x102)cos60° = =802
= 6=40NCm?
Torque on a dipole which is placed in an uniform electric field (E) is
given by,

©=PE sinB =(q/) E sin6 (1)

Here, [ is the length of the dipole, Q is the charge and E is the
electric field.

Potential energy,

U=-PE cos6 =—(q/) E cosO (2)
o T q/Esin®
Dividing (2) by (1), U m=—tan9
T o
=U= tan© =U= tan 60°
43

=U= B =>U=-4]

When the plane is parallel to the y-z plane:
_)
E

Electric flux, ¢= =5

A
—> A
Here: g =4x10° i N/C

d A A
A=(5cm)’7=025x1077 m’

L o=@ x10° 1)025x107*7)
= ¢=10NC 'm?
When the plane makes a 30° angle with x-axis, the area vector

makes a 60° angle with the x-axis.
_)

E
9= = ¢=EA cosO
A

10
= ¢=(4 x 10°) (25x107*) cos60° = ¢==

= ¢=5NC 'm?
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15.

16.

17.

PHYSICS

Work done is zero because the potential difference between two
diagonally opposite points of a square with a 500 puC charge at the
centre is zero.

Potential energy of the system

I [q(2q) L (20)(-49) +(—4q)(q)]

N dneg | T r r
! x—[2 8- 4]
471280
-1042
— 9x10° x(1'6xé—01)x(—10) — ~2.304x10 joule

Hence, the work dohe required to dissociate the system of three
charges,
W=U= 2.304x1078J
kq_9 107 4107
r 0.09

Work done = Charge x potential
=2x10%x4x10*=

V= =4 10*V.

8x1077J.

|
<
]

-8(0,0,2)

&

Q (_5: O> O)
b 5

P (4,0,0)

X

Tqg1A4(0,0,-2)

VA

Potential at point P,
__41 1
4720 [(4-0)2 +0+(2-0)?
- !
4120 \[(4-0)2 +0+(2-0)?

GP_3166



How will you get the solution of numericals based on formula ...?281

Potential at Point Q,
- 1
L3=4q' 2 2
T80 \J(=5-0)2 +0+(2-0)

+-4 !
40 \J(-5-0)2 +0+(-2-0)> ~
Thus, work done in moving a test charge from points P to Q,

0.

W=q(V,-V))
=q(0-0)
=0.
18. () Capacitance of the parallel plate capacitor is given by,
c=fod . yx_EA
d d
y o Er €94 =480A
d d

or, Y =4X

Now, X and Y are in series combination and their equivalent
capacitance is 4uf .

1 1 1 1 1
T T x YT ¥ T
1 5
o 3T ax
o, X=5uF.
Y=4x5=20pF.
(i) Total charge, 0 =CV
=4x10°x12
=48x10°C.
Potential difference between the plates of capacitor
R 2 (e
TC osx10%
Potential difference between the plates of capacitor
yoQ 4810

C  20x10°®
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PHYSICS

1
(i) Energy stored = EC v?

19. ()

(in)

(iii)

.. The ratio of electrostatic energy stored in X and Y.
1 .2
—C\
_2 (5x107%)9.6)
; CV2  (20x1076)2.4)%

_Lx(ijz_&_4_4.1
4 1 T

Here V=12VandC,=C,=C;=6puF =6 x 10°F
Charge on capacitor C; is
g;=C;V=6x106x12=72x106=72 uC.

Smce capacitor C, and Cj are in series
Equivalent capacntance

1 1 1
-4

G G
1 1
_+_
6 6

C,=3uF
Charges on capacitor C; and C, is

q=CgV=3x 106x12=36x10%=36 unC
.. Charge on each capacitor C, and C, is 36 uC .
Since C, and C, are in series

[
1 2 1
C 6 3

. Equivalent capacitance C¢=3 pu F'
Now C; and Cgare in parallel
. Equivalent capacitance C=C;+ Cg=6+3=9 pF

1
Energy stored = EC v?
= % x 9 x 1070 x(12)?

= % x9x1070x144 = 648 x 1076
= 6.48 x 1074J.
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20. () - 20 pF and Care in series
r_i,1
42 C
- 1. 1 1. 51 1 41
4 20 C 20 C 20 C
C=35 uF.
(i) ~ g=CV,q=4x106x12=48x106=48 uC.
—6
(ii) Vl=i=%=2.4V
G 20x10”
-6
V2 = i = % = 96V
G 5x10”

Potential drop across 20 WF' capacitor =2.4 V

And potential drop across 5 uF capacitor=9.6 V.
21. Given, C =200 pF=200 x 10~ 12F.
V=300V
The energy (initial) stored by the capacitor is

U = Lep?
2
- %xZOOxlO_lz x300% =9 x 106
The charge on the capacitor when charged through 300 V battery is
Q=CV

=200x 10712 x300=6 x 108 C
When two capacitors are connected, let V' be the common potential
difference. By charge conservation, charge would distribute but total
charge would remain constant.
Thus,Q=q+q’
As potential difference is same,

9_49
Therefore coC
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22.

23.

Thus, Q=2¢9"+q'=3q’
,_Q 60nC

So,9 = 3 3 - 20nC
and g=2g'=40nC
qz q,z
Thus, finalenergy U, =21—+21—
&Y

=l)((40><10‘9)2 +l><(20><10‘9)2

2 200x107'2 2 100x10712
=4x100+2x100=6x10"0]J
Difference in energy = final energy — initial energy
=6x100-9x100=-3x10
(1) Allcapacitors of 6 uF are in series then equivalent capacitance
1 1 1 1
—_————
C'" C C G

C'= C__ 2uF

n 3
C’ and 2uF capacitors are in parallel combination.
Equivalent capacitance
Ceq' =C'"+2uF = 2uF +2uF = 4uF
(i) Since, ¢’ and 2uF are in parallel combination, therefore same
potential difference 6V is applied on them.

Charge on C’

q'=C'V =(2uF)x6V =12uC

The charge across the each capacitor of 6 uF capacitor is same and

equal to charge across the combination i.e., 12 uC.

Charge on 2uF capacitor

q=CV =(2uF)(6V)=12uC

Two identical capacitors C; and C, gets fully charged with 5V battery

initially.

So, the charge and potential difference on both capacitors becomes
q=CV
=2x10%x5V=10uC

and V=5V

On introduction of dielectric medium of K=5.

or,

GP_3166
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24,

25.

For C, (Continue to be connected with battery) potential difference
of C;,(V)=5V

Capacitance of Ci =KC=5x2uF=10pF

Charge q'=C'V'=(10 uF) (5V)=50 uC

For C, (Disconnected with battery)

Chargeq'=q=10uC

Potential difference

, V5
V= K 5° v
(1) Charge stored in the capacitor Q =CV
From question,

Q=CV=360x10"° (i)
C(V-120)=120x1076 (i)
Dividing eq. (i) by (ii)

\%

V—120_3 = V=3V-360
= 2V=360 S V=180V
Voltage V of the capacitor is 180 V

and unknown capacitance C = Q

. \Y
= % =2x107°F
(i) When the voltage across the capacitor increases by 120V, the
new voltage will be 180V + 120V =300V
Therefore, new charge stored in the capacitor
Q'=CV'=300x2 x 100 =600 uC
Let C farad be the capacity of the unknown capacitor. Charge stored
in the capacitor
Q=CxV=300x10"° (i)
When the potential is reduced by 100 volts, the new potential will be
(V-100) volts and charge
=Cx(V-=100)=100x 107® (i)
Dividing eq. (i) by (ii), we have
V. 300
V-100 100
or V=3V-300
V=150volt
Putting this value in eq. (i), we have
C x 150=300 x 10
C=2x10°F
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When the voltage is increased by 100 volts, the new voltage will be
150V+100V=250V

.. New charge Q=CvV
=2x 107 %250 C=500 uC
26. Work done (w) = change in electrostatic potential energy (U.—U,)

1nC
IA
1uC —4uC

10 cm

1 [qlqz+q1q3+qzq3\
1
4meg\ Ny I3 r23J

=9x10?( Ll ot d) g2
01" 01 ol

U, =9x10"°(1-4-4)x10712 =-0.63]

Up=0

Hence, W=U;~U;=0-(-0.63)=0.63]J
27. The equivalent circuit is given below.

1KF \/X/ e

1 uF /\/\ IHE
There are two capacitors in one branch in series. So, the
equivalent capacitance of one branch will be

11
—+-=2uF
1T
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28.

The arrangement will be further reduced as

|
2uF
Now, both the capacitors are in parallel, so the equivalent
capacitance will be
2+2=4uF
(i) Voltage, V=6V

The charge in the network is given by q = CV

Now, g =4 x10%x 6

=24 x10%C=24pC

(i) The energy stored in the network is given by

E=1CV2 =l><4><10_6><(6)2
2 2

=%><4><3»6><10*f’ =72x10%)=72J

According to the Gauss’s law of electrostatics, electric flux
through a closed surface is given by

O = gSE. ds = Q. .. 0)
€o
Here,
E = electrostatic field
Q = total charge enclosed by the surface
€, = absolute electric permittivity of free space
In the given case, cube encloses an electric dipole. Therefore the
total charge enclosed by the cube is zero. i.e. Q =0
Therefore, from (i), we have

.
¢E=q‘)E.ds=§=0.
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29.

30.

When the capacitors are connected in parallel, Equivalent
capacitance Cp =C, +C,

. o . 1
The energy stored in the combination of the capacitor, £, ==

2
YV
1
= £k, =5(Cl +C2)(100)2 =025J
= (C,+C)=5x10" ... @)
When the capacitors are connected in series Equivalent

GG

Cl +C2
The energy stored in the combination of the capacitors

capacitance C; =

E, =1CSV2

1 GG,
C,=— 100)% = 0.045J
= s 2C1 C2( )
1 GG
=—12-(100)* = 0.045/
= 25x10
= C,C,=0045x 10 x5x107 x2
=45x107"
Now, (C, - C))* = (C, +C2) - 4C,C,
(€, - C2) 25 x 107! 4.5 % 10710
=7 %1070

= € -G6G= J7x10710

> C,-C,=264x10° . (i)
By solving equations (i) and (ii)
C,=35puFand C, =15 uF

When the capacitors are connected in parallel, the charge on
each of them can be obtained as follows:

Q,=C,V=35x10°x100=35x10"*C
Q,=C,V=15x10°x100=15x10"*C
(@) The electric field has only x component, for faces normal to
T
x direction, the angle between E and As is iE . Therefore,

the flux is separately zero for each face of the cube except the
two shaded ones.
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>
»

7%
%

a

The magnitude of the electric field at the left face is E; =0
(As x = 0 at the left face)

The magnitude of the electric field at the right face is £, = 2a
(As x = a at the right face)

Their corresponding fluxes are
o = EL.AS =0
0g =EL.AS = EAS cos 8 = E;AS (-:0 = 0°)
= bg= Exd
Net flux (¢) through the cube = ¢, + ¢, =0+ Epa® = E @
o= 2a(a2) =243
From, Gauss’s law

b=" = q=t5,

Loq =2 €
(b) (1) The metallic spherical shell of radius R carries a charge
Q on its surface, So electric field inside a spherical shell
is zero thus, the force experienced by the charge at the
centre of the shell C will also be zero.

Fc = qE
: Fo=
At point A,
= (1 30/2) _ 30°
|F =20 : =
4 L47[80 x2 41l:80x2 , away ﬁom Shell
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31. (i)
(i)
(uif)

PHYSICS
(i) Electric flux through the shell
o= 1 x magnitude of the charge enclosed by the shell
€0
bol . 2_0

€p 2 280
The capacitance of a parallel-plate capacitor having same area
of plates and same seperation between them
C= £0gA
d

and CX =%

CY _ 80 4A
Thus,
CY=4CX (1)
CxCy

XY _gF
€47, +Cy K .(2)

Solving eqn (1) and (2) we get
= C, =5uF

C

= CY = 20},I.F

The potential difference between plates X and Y can be
calculated as follows:

Q=CV
Yx Gy
CxVx=CyV =4
X¥YX=YY VY VY CX
VX=4VY (3)
From given circuit, Vy+Vx =15V .4

Solving eqs. (3) and (4) we get
Vy=3Vand V4 =12V
The ratio of electrostatic energies can be calculated as follows:
Energy stored in a capacitor
Q. 1
E==_je Ex
2C ie. C

Hence X=SY _4
ence E CX
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32. Given that number density in X

33.

34.

35.

=2 x number density in Y
n,= 2ny
As current is common for the entire circuit

ie, I=nydye(vy), =nydye(va)y
As, Ay = Ay

Ca)y _my _my _1
(Vd ) y ny 2nY 2
When resistance of 5Q is not connected in the circuit then voltmeter
shows emf of cell
(E)=22V

The terminal voltage across cell when 5Q resistance (R) connected
acrossit(V)=18V

Let internal resistance =r

As we know, » = R(%— 1)

., r=5(£—1)=5x0'—4=%=m§2

1.8 18 18 9
Null point is obtained at 40 cm from one end.
[=40cm,
100—7/=60cm
For meter bridge we know,
R__ I 40 2
S (100-1) " 60 3
R:S5=2:3
Applying the condition of balanced Wheatstone bridge,
R__1I___4 _4_2
S 100-/ 100-40 60 3
R 2 .
35 = 3 (1)

Q

128
The equivalent resistance of 12Q and 5Q in parallel is T
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Again, applying the balanced wheatstone bridge condition

R___30_
( 125 )'50'
12+S
_ 128 .
= 2+5 .(11)
From egs. (i) and (ii)
25125
3 12+S
12+S5=18 L S=6Q

R=25-216-40
3773

36. Let each conductor is of resistance R.

Case I: Accordingto fig. (a) the resistances are connected in series
combination, so resistance

R,=R+R=2R

Case II: According to fig. (b), the resistances are connected in parallel
combination, so equivalent resistance

11,1 R
R, R R — 2775
Ratio of the equivalent resistance in two combinations is
R__2R _

R, (R/2)

37. According to colour codes, resistance of two wires are

D R =15x10°Q

(i) R, =30x10°Q
Ratio of resistances,

R _15x10°

= 3 =5
Ry 30x10

GP_3166



How will you get the solution of numericals based on formula ...?281

38.

39.

40.

(1) 4Qand4Q are in parallel combination.

4
. Equivalent resistance R4p = 5= 2Q
Similarly, equivalent resistor of 12 Q and 6 Q resistor

L:L*_l:# = RCD =4Q
Rep 12 6 4Q
Now, 2Q,4Q, 1Q, and 1Q are in series combination.
.. Equivalent resistance of the network
R,,=2Q+1Q+4Q+1Q=80
(i)’ Current drawn from the battery

I= y_16_ 2A

R 8

This current will flow from A to Band C to D. So, the potential
difference between AB and CD is
Vp=IR,z=2x2=4V
and Vo =IRop=2x4=8V
In DC circuit, capacitor offers infinite resistance. Therefore, no current
flows through capacitor and through 4Q resistance.
.. Effective resistance between A and B

2x3
= =12Q
4B 2+3

Total resistance of the circuit=1.2+2.8=4 Q.
Current drawn from the cell
I= v = 6 =154
R 4
.. Potential difference between A and B
Vg =IR4p =15x12=180V

Current through 2Q resistance

r=Yas 18 _o9,
20 2
(1) The balanced condition state
R ! X _100-/

X (100-1) = R 1
when X and R both are doubled then
2X X 100-1/

2R R 1
balancing point would be at (100 —/) cm
(i) On changing the position of galvanometer and battery, the
meter bridge continue to be balanced and hence no change occur in

the balance point.
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41.

42.

Given, resistance = 47kQ +10%

= 47x10°Q£10%

Ist colour band should be yellow as code for it is 4
IInd colour band should be violet as code for it is 7
IIIrd colour band should be orange as code for it is 3 (multiplier)
IVth colour band should be gold because tolerance is +10%
According to figure 15Q , 30Q and 15Q are in parallel, their
equivalent resistance (Req) is

Lg=40 , 3+

1
AAANN »

4t .1 —WW >
Reg 15 30 15 vbh I L
1E=10V | Q
(24142 5 T R-1503 COE k150
T30 30 R,=300Q
L L c
R.q =6Q
Now, R, (= 6Q2) and 4Q are in series their equivalent resistance
Riq = Rpq +4Q
=6Q+4Q=10Q
By junction rule at A
L=hL+L+1, (D)

Applying Kirchhoff’s second rule
() InmeshADB

~1yx30+151, =0

)
(i) Inmesh BDC,
= 30/,-15I;=0
I
= =2y = L=
(ii)) Inmesh ABE (Containing battery)
—411 —1512 +10=0

4L +151, =10 (i)
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43.

44.

(iv) Inmesh ABCD,
=155, +15I;=0 .. L =1

11 =12 +12 +I?2

5
L==I
1755
From Egq. (ii),
5 10 2
4 =1, |+151, =10 L=—A==4=1
(2 2) 2 RO T A

- 12=I3 =§A

L 1
n=2-1, L=21
4 D) 1 2
2 5

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

! 1+1+L=3+1"'2=£_

1

R, 10 30 15° 30 30 5
= Ry =5Q
Potential difference

Vpy =IxRy

=02x5=IV

Vg =-1V
(i) Let potential gradient be k.
o Ey—Ey =kx120 (1)
[Cells are connected in opposite order]
Ey+Ey =kx300 (i)
[Cells are connected in supporting order]

Ej+E, kx300_5

E -E, kx120 2
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Now, applying componendo and dividendo

(El +E2)+(E1—E2) _ 542
(E1+E2)—(E1—E2) 5-2

E_7

E, 3

E 7 3
. L —=— . E=_E
(“)‘E23"271
From Eq. (i)

El—%El =kx120 — %El =kx120

E, =kx120x% =kx210

Thus the null point for £ is obtained at 210 cm.
45. The potential V = constant
Length of the conductor, /' = 3/
14 1
() Drift speed of electrons v, = 7];) SoVg < 7
So, when length is tripled, drift velocity gets one-third.
(i) Resistance of the conductor is given as

1
R=p—
P A
As volume remains same,
4l = 4l
4
= * A =—
All A2 (31) e 2 3
. L L A
1.e., when length is tripled area of cross-section is reduced to ER
Hence, R=p- = p=
ence, R = pz =p ﬁ
3
1
=9p—=9R
P A

Thus, new resistance will be 9 times of its original value.

GP_3166



How will you get the solution of numericals based on formula ...?

46.

47.

48.

49.

50.

Given: P=120W, V=240 V,R="?

We know that
2
p=Y_
R 2
or R=Y_ _240x240 000
P 120
Given:P=125W,V=250V,R="
We know that
2
R=V_= 250 %250 ~5000
P 125

Given:1;=0.5A,R;=120hm,[,=0.25 A,
R,=250hm,E=?andr=?

From formula, 1= (RE or E=I(R+1)

+71)
=0.5%x(12+r)=025x(25+r)

Solving we get, r= 1 ohm
andemf,E=05(12+1)=65V

E-3r=10 )]
E+2r=15 ..(10)
solving these two equations, we get, r=1Q
Given: R;:R,:R;=1:2:3

and R, +R,+R;=12Q

The three resistance are

R1=éx12=2§2, R2=%x12=4Qand

R;3 = 3 x12=6Q
6
Resistance R, and R, are connected in series
R=R;+R,=2+4=6Q
This resistance R and R; are connected in parallel,
RR3 _ 6x6 =30
R+R 3 6+6
Again Rp and the internal resistance of the cell (r) are connected in
series, therfore, net resistance of the circuit
Ry=Rp+r=3+1=4Q
Hence, current in the circuit
[=V/Ry=8/4=2A
From the circuit, it is clear that I/2 (= 1A) through resistors R, R,
and I/2 (=1A) through resistor R,

.. Net resistance Rp =
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51. Given:G=0.8OQ,Ig=1.0A
[=50A,S="?
From formula
GI
) s=—=2 081 450
I—Ig 5-1

52.

(i) Combined resistance of the ammeter and shunt(R)
1 11 PR G xS

=—+— 0
R G S G+S
=0'8X0'2=0.16Q
0.8+0.2

To simplify this circuit, we apply the Kirchhoff's junction and loop
rules.
Using arbitrarily chosen directions for the currents as shown in
figure we apply the junction rule at point a by writing
;=1 +1,. (1)
We next apply the loop rule to any two of the three loops of the
circuit. We first arbitrarily choose the left-hand loop, arbitrarily start
at point a, and arbitrarily traverse the loop in the counterclockwise
direction, obtaining
—iR,-& - iR +&+1)R,=0.
Substituting the given data and simplifying yield
1,(4.0Q)-1, (4.0Q)=3.0V. (i)
For our second application of the loop rule, we arbitrarily choose to
traverse the right-hand loop clockwise from point a, finding
+iR -&+ iR |+ +1,R, 0.
Substituting the given data and simplifying yield

i,(4.0Q) +i5(4.0Q)=0 (i)
i ) i,
MW——WW
R R g
i2 R') -

N A
ai}?
l{l

R, T:FI &
b

GP_3166



How will you get the solution of numericals based on formula ...?2297

53.

54.

55.

Using equation (i) eliminate i, from equation (iii) and simplifying
gives us

1,(4.0Q)+1,(8.0Q)=0 (V)

i,=-0.25A.
Using equations (ii) and (iv), we find
(The minus sign shows that our arbitrary choice of direction for i, in
Figure is wrong; i, should point up through £, andR,.)
Substituting i, =—0.25 A into equations (iv) and solving for i, then
give us

i, =0.50A.
With equation (i) we then find that
;=i +1,=025A.

The positive answers we obtained for i, and i, that our choices of
directions for these currents are correct. We can now correct the
direction for i, and write its magnitude as I, =0.25A
It is clear that the cell and the battery send current in the opposite
directions.

Net emfin the circuit =200-5=195V
Hence, current in the circuit

V_15_o,
R 39

Given: V=210V,P=630W,R="
As we know

2
V2 _210x210 o o
P 630

(i) Given:G=0.6Q,1 =1.0A,I=5A,S="
We know that

GI

_Ylg _06xl =%=O.ISQ
I-I, 5-1 4

.. Required shunt resistance =0.15 Q

(i) Since the ammeter and shunt are in parallel, their combined

R=

S

resistance
~ GxS 0.6x0.15
CTG+S 06+0.15
0.6x0.15

=——=0.12Q
0.75
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56. Dirift velocity,

57.

58.

1

V [ R—

d neA. . . .
where, I is the current, » is charge density, e is charge of electron
and 4 is cross-section area.

15
V =

4 9%1028 x1.6x10719 x1.0x1077
, 15

4" 14.4x10?

V,=104x 104 m/s

Total resistance of the circuit,
R=(R,z+5)Q=20Q

5Q
5

. . ... vV
Current in the circuit, i = R~ 20 A

.. Voltage across PQ, Vp, = i.RPQ =375V

The emf of the cell connected as above is given by:
1

€= IVO

Here balance point is at,

=60 cm

Total length of wire PQ=L=1m = 100 cm

60

=700 (3.75)=225V

When R=4Q and I = 1A

We know that, Terminal voltage, V' =F — Ir

So, we have, V=IR=4=E — Ir
oo E-Ir=4

When, R =9Qand I'=05 A
V=IR=05%x9=E-0.5r
o, E-05r=45 . (ii)

By solving eq” (i) and eq” (ii), we get
r=1Qand E =5V
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59.

60.

61.

Let E and r be the EMF and internal resistance of all cells respectively
and internal resistance of each cell respectively as cells are identical.
As we know, according to the definition of the terminal potential
difference,
V=E-Ir ..()
E isthe EMF andr is the total internal resistance of the circuit.
From eqn (i) when
I=0 =>V=E
From the graph we cansee, E=6 V
As there are three cells

E=3xe=6v>e=2V
And, when, V=0

E 6

E=Ir > r 171

As the cells are connected in series, so internal resistance of each
cell.
_I_S 50
3 3
Given: E, =1.5V,E,=2V;r,=0.2Qand r,=0.3Q
The effective emfoftwo cells connected in parallel can be calculated
as follows:

_Enp+Eyy 1.5x03+2.0x02

| o

= =17V
eff n + I 0.5
The effective resistance can be calculated as follows:
R =102 =0.2><0.3=0'129
n+1n 0.5
(i) For the given potentiometer circuit
i 150
| | ——— A A L
B
0.3Q
Current, [ = v = _2 = 2
R 15+10 25

2
Vap =Ix10=—x10=0.8V
AB = 1X 25X
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Potential gradient, K = % = 0T8 =0.8Vm™!
Current I in the lower branch, 1= LS __
urrent I in the lower branch, 12703

Terminal potential between Pand Q
VPQ= 1x03=0.3V
Balancing length Vp, =K/

o, 0.3=038/ :>l—£m 0.375m

62. Given :emf of cell /source E 12V
Internal resistancer =2 Q

External resistance R= 4 Q

Current [ = E _12 12
R+r 4+2 6
Using V=E-1Ir

V=12- (2x2)=8V

Thus, reading of the ammeter will be 2 A and of the voltmeter will be
8V.

63. (a) Magnetic field due to straight part

J-uo Idlxr 4 B ry D E
—> —_—— —
A 3 da Q O r

For point O, dl and r for each element of the straight segments
AB and DE are parallel. Therefore, dl x r=0. Hence, magnetic
field due to straight segments is zero.

(b) Magnetic field at the centre due to circular point

_ Magnetic field at the centre of circular coil

2
(Bol ) _ Mol .
= 2( o J— 47 [+ Here, coil is half]
-7
7 (4nx1077)x12

4r 4x2x1072

= 6nx10°T

GP_3166
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64.

65.

Given: G =50Q,1, =5x1073 4,V =15V

— O

1

Ig ' :

Voltmeter
2 V=1,(G+R)
= R=L—G= 15 -50
Ig 5X10_3

R=2950Q

A resistance R = 2950 Q is to be connected in series with the
galvanometer to convert it into a desired voltmeter.
Given:r=1mm=1x10"m,1 =12A,i,=5A

SA
C< D

1 mm

A B

12A
Since the wire CD is supported in air, the force of repulsion between

the wire should be just equal to the weight of the wire.
Force of repulsion per unit length between the two wires

dF _ o 2ijip Nm™!

dl 4n r
Let m kg be the mass per unit length of the
wire CD
Downward force on a unit length
=mg=m x 10Nm™

— mx10=% _to 2y

dl 4n r

1077 x2x5x12
o, mxl10= — S

10~

m=12x10"*kg/m
The current in the wire CD is in a direction opposite to that of AB.
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66. Given: r=1mm=103m
i, =6A,i,=4A
Mass per unit length of the wire CD, m=?
4A
C <o D
m
1 mm
R 6A B
A 7

67.

68.

To support the wire CD the weight of its unit length must be equal to
the force of repulsion on the wire per unit length.

. _dF _py 2ijip
He A 4n r

1dF 1 2iqi
or, m=t9E_1 Bo 2iiy

Tgdl g 4n r

1 107 x2x6x4
=X

10 1073
=48 x10°=4.8x10*kgm™!

The direction of current in wire CD must be opposite to that in wire
AB

Here,r=15cm=15x 102m, N=3500, p, =800,1=12A,B="?
N 3500

Number of turns/length, n = =
. 2nr 2nx15%1072

Also, B= pgp,nl

3500x1.2

= 4nx1077 x800x ————
21 x15x10
=448T
The magnetic moment of a current loop
M=nlA

For the circular loop M =NIznR? ..()
When the coil is unwound and rewound to make a square coil, then

2nR=4a or a=7R2
Hence, magnetic moment of the square coil
Mg =NIa?=NI(nR/2)? = NIn2R%/4 .. (i)

GP_3166
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From egs. (i) and (ii)

Mg Ni’R*/4 1z

Mc  NImR? 4
69. Given:

A=25x10%m?2, n=150

B=0.15T, C=10°Nm

0=30° I=?
From the expression
cO 1076 x 30

=53mA

I = = _4
nBA  150x0.15x25x10
70. Horizontal component of earth’s magnetic field, H=04 G

n
Angle of dip, 6=60°= 3

As we know, H = B, cosd

g H _04G
= e T 06 cos60°

71. HereV= /3 HandB=04G

) t S—X
() tand=1

H
tan6=\/_%=\/§

tan 8=tan 60° = =60°
Angle of dip=60°
(i) Horizontal component of earth’s magnetic field
H=Bcosd =0.4co0s60°=0.4 x>

-02G
72. As, Al=-2A
At=10x1073s
V=200V
Asweknow, e= L2 - 200=—L(_—2_3)
At 10x10

or, 200=Lx2x102
L=1H
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73. The force required to move the rod with a constant velocity is

B’V _ (0.15)%x(0.5)* X2
R 3
=375x103N
74. Given,B=0.5T, /=20 cm=0.2 m and resistance of arm, R=5Q
Induced emf e=BIV

F=

=0.5x02x10V
or e=10V
Current through this conductor
== _02a
R 50

75. (a) Given, for wheel,
n=10,r=0.5m, v= 120 rev/min =2 rev/sec.
B=04G=04x10*T,E=?
Area of wheel = nr? and Area swept by each spoke per sec,
A=mnrly
Magnetic flux cut by each spoke per sec,
¢=BA =Bnr?v
do

ie. — = Bur’v
ie. m
By relation, induced emf,
E= d—(b = Brr?v
dt
_ 04x10™*x22x0.5x0.5x2
7

=4><22><5><5><2><10‘7
7

_ 4400 44

x1077 = Z=x107°
=6.286x107V.
Since all spokes are in parallel, total e.m.f. induced will be same as
due to one spoke.
(b) Here, number of turns, N =20
radius,r=8cm=8 x 102 m
angular speed, ® = 50 radian s~
magnetic field, B=30mT=30x103 T
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.. Area of coil, A= nr?
=3.14x(8x102) =3.14x64 x 107
=200.96x10%=20x102m
(i) Maximum emfofthe coil,
€= NBA® =20x30x1073x2x1072x50
= 60000 x 10°=0.6 V

i) e~ Nl 1.Alﬁ=0.42V
(i) average emfofthe coil €average — 0
Now,R=10 O

2 2
(iv) .. Power dissipated = Cms _ (0:42)°

R 10
0.1764
= =0.01764 watt
10
76. Given : Length of each spoke=50cm=0.5m
120
=——=21ps
“ %0 7
=2x2n =4n radian s’
B=04G
8=60°

Horizontal component of Earth's magnetic field
B,=Bc0s8=0.4 xcos60°=0.2G

1
Now, e= EBHO)IZ

=%x0,2x4nx0.5x0.5V

=0.314V

The emf'will be uneffected by the increase in the number of spokes
because they are in parallel.

77. Here, d = R = Radius of the Earth
Given:B=04G=04x10*T
Ho

= =10 WbA ' m!
4n

d=6400km=6.4 x 10 m
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3
Me 4nBd
Ho
-4 613
= (0:4x107)(6.4x107) M= 1.05 x 10%*> Am?

1077
78. Here, speed, V =5 ms! length of conducting rod, / = 10 m and
magnetic field, B=0.3 x 10~ wb/m?
emfinduced in the rod e =Blv
5 8=03x10%%x10x5=15%x103V=15mV
79. The power factor of the circuit is unity at the resonance.
~Xe=XL

1
2nvC

= 2nvL

1 1
4n2VEC 4x(3.14)% x(50)%s~! x100x10~6F

1
9.8596

V=200V (given)
.. Peak voltage of the source

=0.1014H =101.42mH

Vi =42V = /2 (200) volt

At resonance, the current amplitude is

I, “Vm _ M =2.(20)=2828A
R 10
80. Given, V,,(=220V,L=20mH=2x 102 H,
R=110Q,
c=@w=@x10—%
T T

(1) Average power observed by L-C-R series AC circuit is maximum
when circuit is in resonance.
Resonant frequency,

1 1

0Oy =— Vy =
0" Jic T ° wmlic
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1

\/2x10_2 800 106
’IC

I/b:

1000
2x4

@) As, Iy =225 = 2300
Z=R=110Q
I.s=2A
maximum current amplitude,
Iy = Imsy2 = 24124

81. Applied voltage, IV =140sin100n¢

c=2r_30,10F, 13y, R=4000
T 4 T

=125571 vy =125571

Comparing with V' = I}y sin ¢,
Vo =140V,0 =100n
Inductive reactance, X; = oL

or, 100%m xi =500Q

T
1

C itive reactance, X = —

apacitiv C=%0
= + =200Q

1007 x 2= x10~°
T

Impedance of the circuit,

Z=\/R2+(XL—XC)2

= \/ 400 +(500- 200)
= 41600+ 900 = 50002

Maximum current in the circuit, /; = 1) = 140
Z 500

1_0 140
2 500x2

=02A
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82.

83.

Vims across resister R, Vp =1 R
=0.2 x400=800V

Vs @cross inductor, V; =1 X;
=0.2x500=100V

Vs @cross capacitor, V=1 % X~
=02x200=40V

2
Power P= V—:M =25=7
Z 2000

Z2=R+(X.-X,?=625
Xe-X, _ 3
R 4

2
625= R%(-%RJ _»

16
=400=>R=200Q
Xo—X;=—15Q
=V _223
Z 25
=2 x9=126A

tan o=

=9A.

IfR, X, X; are all doubled, tan ¢ does not change.

Zis doubled, current is halfed.
Power drawn is halfed.
Input voltage, ¥, =2.5x 103V
Input current, Ip =20A

10
s 1
N, 1 .
= =
N, 10 ®
Output
Percentage efficiency = UL POWET 100

Input power
90 _ Output power
100 VoI,

. 90
(i) Output power = 100 X (Vp 1 p)

90 3 _
_ﬁx(z.sxlo )x(zoA) =45x10*W

PHYSICS

GP_3166



How will you get the solution of numericals based on formula ...?311

.. Ve N, N
@) - S-S5 = Vs=—s><V
p

VP NP NP

Voltage v/, = %XZS X103V =250V

(i) V.1, =4.5x10*W

4 4
Current 1, = 4.5x10 _ 45x10" _ 180 A
Vs 250
84. Given, V'=140sin314¢, R=50Q
(1) Comparing it with V=V sin ot
®=314rad/s

ie, 2nv=314 [ o=2mv]

_3u4
2n

_ 31400
2x314
Frequency of AC, v=50 Hz

=

=50Hz

v, %
i) AS, Tms =~ and Voms ==

Here, V=140V

- Vo 1\;‘9 §—70x/_v

_ 70v5 _ 7045
Mg == =19A 0

85. Given: L=10H,C=40yuF,
R=60Q,V =240V
(i) Resonating angular frequency,
1 1
O)C = =
JLC' \10x40x1076
1

20x1073
oc=50rad/s
(i) Current at resonating frequency,

=50

V. V.
Iis = % = % (- At resonance Z= R)
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240
=60 A

I=4A

(i) Inductive reactance, X; =L

86.

87. ip=C—-  Lx 103=2x

At resonance,
X1 =w0yL=50x10=1500Q
Potential drop across inductor,
Vims = Trms < X1,

=4x500
Vims= 2000 V

(1) Resistance of Cu wires, R

I 1.7x107%x20000
= =4Q

p
A 2
n (l) x107*
2

6
at220 V- VI=106 W: I= ;‘2)—0 —045x 10°A

RI? = Power loss
=4x(0.452 x 108 W
>1060W
This method cannot be used for transmission
(i) V" I'=10°W= 110001
1

I'= —x10?
1.1

RI? = L ax10* =33x10'W
1.21
Fraction of power loss

_33x10*

10° =33%

av 10—6 ﬂ

dt
ar 1

L =—x10°=5x10V/s
a2

PHYSICS
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88. Here, R=6.0cm, C=100pF=100 x 10?F, ©=300rad .s™!,

Erms=230V
E E
(@) Lims = )r(ms = rlms =E s x@C
c =
wC

Lms = 230300 x100 x 10712
(b) Yes, [=1I,, whether I isasteadyd.c. ora.c.
This is shown below

__dgp)__ d B
D= — =€ < (EA)  (Q ¢ =FA)

dE d Q) ( o Q)
Ip=6) A—=g) A—| —— E=—=——
oo DT AT dt(eoA Q & A

1 dQ dQ
o Ip=gAx———=-—=1
DO A dt
B=2C—1I
(c) We know, 2 R2 D

The formula is valid even if I ; is oscillating.
Horl
27R?

I[f1=1, the maximum value of current, then
Amplitude of B=max. value of

AsI =1, therefore B=

B= Horlo — :uOr‘/EIrms

I, =21
27R2 27R2 (Q 1o = V2 L)

_ 4mx1077 x0.03x+2x6.9x1076
2 x3.14 x (0.06)

=163x10°1 T,
89. Given:R=100Q,L=4/n2,1=2C=?
Current is in phase with the voltage, therefore, the circuit is in series
resonance. In series resonance Z =R
Hence, current = V/Z=V/R=200/100=2A
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1 1
f=—, /—
Also, 2r VLC

1 n?

T AnLf? 4n? x4 x(50)
=2.5x1073 F=25uF

90. Given, V,=110V,P=550W, Vp=220V, L= ?

Power, P=V,I,

P55
=22 254
=7, " 220

91. As we know that, induced emf

dl .
€ =-M— where M - mutual inductance

92. (i)

(b)

©

()

©

dt
20-0
0.5
So, the flux linked with the other coil is given by
Ap=exAt=-60x0.5=-30Wb
(&) Number of turns in secondary coil is given by

e=-1.5x =—60V

Ng Ng
— == —== 100 =
Np 100 = Ng =10,000
Current in primary is given by
1100
PVP P =220
Voltage across secondary is given by Vs = Ny =n
Ve Np
= Vg =100%220 =22,000V
Current in secondary is given by
VSIS =P IS =£=ﬂ=005A
Vs 22000

Power in secondary is power in primary in an ideal transformer
=1,100W
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3
93. According to question, angle of prism, A=60°, and i = 1 A

In the minimum deviation position

i=e=§A
4
As, d=i+e—A =§A+§A—A =1A=3O°
47 4 2
As Bp=(-DA o, om o)
30° 1
or =(n-1 oo —=p-1
07 (n-D 5K
3
or ==
"=
As _ c(speed of light in vaccum)

v (speed of light in prism)

8
speed of light in prism, v=2.=3%10

ke h

=2x108 m/s.

94. Given: y, = Miiquia =1-5-
By Lens-maker’s formula,

- )( 1 1 ) [u_z_ )[L-LJ
R, R, M R; R,
[HI_IJ[LL)
Hliquid Ry Ry
%= 0 ie, Focal length, f= oo (infinity)
95. Given,f=—10cm,m=2,u=?

. \4
For areal image, m = —orv = +2u.
u

111

Also, —+—=
v u f
L1131
+2u u f +2u f
3 3 =30

u=—f==x-10=——=-15cm.
2 2 2
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1

96. As, fe=—=0Im=10cm

97.

98.

10

fo=%=1m=100cm

Magnifying power in normal adjustment

a=_Jo 100
£ 10
=10

Length of object (O)=+ 3 cm
u=-60cm f=+30cm

111

“F = ;"’; [Mirror formula]
1.1 .1

30 v (-60)
1. 1 _2+1

o 373060 60

= v=20cm
1Y o 1 _ (29
O u (+3)  (-60)
I=1cm

So, the virtual, erect and diminished image will be formed on the
other side of the mirror.

Real and inverted image of an object can be taken on the screen.
Given,v=+10cm:

Magnification,m =—19; f=7?

v
Magniﬁcation,m=i=1 = -19=—
O u u
v
v=-19u = u-—ﬁ
. 1 1 1
Using lens formula, 7 = -

1
f
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1
v=10cm .. f=5cm

99. Resultant power of the combination
P=R+P=6-2=4D
1 1
—=4= f=—m=25cm
f 4
100. When a lens immersed in a liquid, disappears then,
Wiquid = Wlens = 1.45

101. For aplano-convex lens, R =
R,=—R
/=03m=30cm
u=15
Using lens maker’s formula,

sl

1 u—l)(L—LJ . 1 _(15-1)

%z( © -R
R=15cm

2
102. GiVCl’l, f =§R N Rl =+R, R2 =—R

-+ Using lens maker’s formula,

sl
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103. Refiactive index, p == —
v sini,

= v=csini, = 3x108 xsin30°

=3x10° x%= 1.5% 108 m/s

104. Given,R;=+10cm,R,=—15cm,f=+12cm,

=7
From lens maker’s formula,

7o)
5= b)) = 0[5

L3
or, U 5 u 2
105. Given:f,=20cm, apg= 1.5,%,=1.33
Using lens maker’s formula,
1 1 _
—=(u—1)[__R_) R O
R Ja (wig-1)
or, Jw__15-1_
20 [15 1)
1.33
0.5x1.33
W_W_78'zcm

106. Given, f;=+20cm
aug = 16 , auw = 13

oy 13
Using lens maker’s formula (in water) for converging lens.

1 1o
72=(wug —1)[E+g) ()

1 1o
Inair, 7= (kg —1)[E+E) (i)

He 16
= wug=a £ =

GP_3166
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Dividing eq. (ii) by eq. (i), we get

S _ (atg-1)  (16-1) 06x13

S (wug—l) (E_lj 0.3
1.3

L L

A
Therefore, new focal length,

fr=26xf; =26%x20=52cm

107. Here,
fo=4cm, f,=10cm
u,=—6cm, v, =—D=-25cm
For objective lens,
1 1 1

fo Vo U

1 1 ( 1 J I 1 1 1

—_—_—t| -] DD—=———=—

4 v, (6 v, 4 6 12

vo=12cm
Magnifying power of compound microscope,

22
A3

Length of microscope L= v, |+|u, |

where, v, =12 cm
For eye lens,

v, =—25cm, f, =10 cm
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U, = —5—cm =-7.14cm

Length of microscope

L= |vg|+|u,| =12+7.14
=19.14cm

108. For astronomical telescope,

109.

J, =15m=1500 cm

Jf,=1cm
15%100
Angular magnification (m)= — & =X Tom__ 1500
/e lcm
The angle subtended by moon at objective
D
a= - -
Radius of lunar orbit
o 3.42x10°m 0
=« Al
8x108m ) o )
Also, then angle subtended by image formed by objective on itself
7, ..(1i)

where, d= diameter of image

From Eqgs. (i) and (ii), we get
3.42x105  d
3.8x10% 1500

= 1500x3.42x10°

3.8x108
The diameter of the image formed is 13.5 cm
Given, f, =20 cm, f,=1cm,v,=-25cm

[+ f,=15m=1500 cm]

=13.5cm

For objective

u,=-100cm, f,=20cm

11 1

fO vO uO

LIV S

20 v, (-100)

L_1 151 4
= Y 20 100 100 100 ‘Yom=m
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For eye lens
f,=lem, v, =25, u,=?
1 1 1 1 1 1
— 11
Jo Ve U 1 25 u,
1 1 26 1
o, 1l+—= Py

25
U, = "% =0.96cm

Magnification ()
m=-2o 1+2 = _(2}(14_2_5)
ug fe 100 1
1
=——x26 =_
m 2 X 6.5

Length of telescope L =(vg)+(u,)

L=25+0.96=2596 cm
110. The diameter of objective of the telescope

=150%10"3m
Jf,=4m
£,=25x103mand D=0.25m
Magnifying power,
4 2
M=—& 1+2 =- 3(1+ 0 53]
Je Je 25x10” 25x10”
M=_4000(1+10)=_4000><11
25 25
M=-176
Resolvi _L
€solving power = 40
1220 1.22x6x1077
do=— = =29x10°6
D 025 2910 rad
. Resolving power = ————¢ = 0.34x 10°

2.9%x1076



111.

112.

For lens of focal length 10 cm.
f=+10cm,
u=-30cm
Using lens formula,
1 11 1 1 1

f v ou T 10 v (-30)
= v=15cm
The image formed by first lens acts as a virtual object for plano-
concave lens.
For plano-concave lens,
u=+10cm,f=—10cm, v="?

Using lens formula,
1 11 1 1 1
f v ou 10 v 10
= % =0 y =00
Therefractive ray becomes parallel to principal axis for convex lens
of focal length 30 cm.
u=-oo,v=?f=30cm
1 11
fovou

1 1 1

= 37V )

= v=30cm

So, final image is formed at a distance of 30 cm from second convex
lens on the other side of it.

Forlens L,

1 1 1

f v ou

u=—15cm,v="?,f=+10cm

1 1 1
— =4
10 v 15

Distance of image from lens L,
v=30cm

1 1 1

For lens L, 7 = -
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113.

114.

Distance of image from lens L,

v"=10cm
1_tr.1 ;
10 10 o — 4=

The refracted rays from lens L, becomes parallel to principal axis. It
is possible only when image formed by L, lies at first focus of L, i.e.,
atadistance of 10 cm from L,.

Separation between L, and L,

=30+10=40cm
The distance between L, and L; may take any value.

From Snell’s law
sini ¢

n = - = —
sinr v

= V. sinr for given value of i

= Smaller angle of refraction, smaller the velocity of light in
medium.

Velocity of light is minimum in medium, 4 as angle of refraction is

minimumie., 15°.

Here,

J,=125em,f,=5cm

When final image forms at infinity then magnification produced by

eye lens is given by

L D

m=-—.— or’ _30=_Lxé
Jo fe 1255
30x1.25

L=2% _750cm

For objective lens
v,=L=75cm
fo=125cm
ug ="

Applying lens formula

11 1 111

£ v u, — 125 75 u,
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1 1 1 _125-75

pny - = =
w 715 125 75x1.25
75x125
=22 g
o 625 > em

The object must be at a distance of 1.5 cm from objective lens.
115. Let us consider an object O lying at a distance u from a combina-
tion of two lenses of focal length f, and f,. The image of O is

formed at I due to two lenses at a distance v from the combination.

O u \A(—-vl—'> I

f, §
The image may be thought (;f as being formed in two stages. The
convex lens forms the image of O at I, at a distance v, from the
lens. The image I , then serves as a virtual object for the concave
lens and its image is formed at I.
For refraction at the first lens, which isa convex lens,

111 .
f, v, u (1)
For refraction at the second lens which is a concave lens
1 1 1
- £ =y Vi ..(11)
(u=v,v=v)
Adding egs. (i) and (ii)
1 1. 11
ff f, v u ..(1i1)
IfF is the focal length of the combination, then
1 1 1 .
E = ; —; ... (1)
From egs. (iii) and (iv)
11 1
F fi £
or = ﬁ
f-fi

116. (a) Given: f;=140cm,f,=5.0cm
() Magnifying power M = f;, /f, in normal adjustment
=140/5=28
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€
of distinct vision.

_ 140
5
(b) Separation between the objective and the eye piece
L=f,+f,=140+5=145cm

(1+i) =28x1.2=336
25

7. As Lo(u-n[ -1 t=15em
f R, R,
1 1 1
—=(pu-1)|=+—| R =R
15 (H )(R R) 1
R,=-R
1 2 p-1 1
= (u-NE==E2 -
5~ DR =R 5
When the lens is cut into two equal halves
R,=R,R,=
1 1 1 1 1 1
—=(p-)]=———| = =(p-)x=—=> —=—
G )(R oo) (h=Dxg = +730
s '=30cm.
118. () Given: i=e=3A/4, A=60°
From formula,
ite=A+96
or, 3A/4+3A/A=A+3
A 60°
—=3 =8
= 3 or —
= 8=30°

(i) Since i = e, the prism is in the minimum deviation position,
therefore, the refractive index of the prism
_ sin(A+38,,)/2  sin(60°+30°)/2
SinA/2 sin(60°/2)
=0.707/05=1414
119. Given : Focal length of convex lens
fi=25cm
Focal length of concave lens
f,=-20cm
Let P, and P, be the powers of the two lenses, then
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120.

121.

1 _ (1 )
Pl =2L50=4Dand P2 =%= -5D L P= f(m metre)J

Power of the combination

P=P,+P,=4D-5D=-1D

—ve sign shows that the combination is diverging in nature.
Given : Focal length of convex lens, f; =30 ¢cm
focal length of concave lens, £, =—40 cm

As we know power of the lens
1

- f(in metre)
Power of the convex lens
100 100 10
Pb=—=—=—=333D
" 30 3
Power of the concave lens
P, = 10 _ 5
40

Power of the combination
P=P;+P,=333D-25D=0.83D
Since the power of combination is +ve, hence system, is converging
in nature.

Given: h=60cm, p=4/3=133 A=nr2=?,
%=l .'.sin()c=l
sin90° i
_h 1 L
or Jri+h? M Oe— ="
2,12 2
- I +h _n”
r? 1
5 h
h 2
= l+—=p’-1
2
- r2= ;1 0]"1"= Bulb
-1 p2—1
60

r= " 70.3cm
V1337 -1
Therefore, area of the surface of water through which light comes

out
A=mr?=3.14 x (70.3)>=1.55 m?
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122.

123.

124. p

125.

The biconvex lens will behave as a converging lens, in water because
refractive index of water (1.33) is more than the refractive index of
the material of the lens (1.25).

On the other hand it acts as a diverging lens in air because the
refractive index of air is less than that of the material of the lens.
Critical angle of ray 1:

sin(c,)= 1/u,=1/1.35

= ¢;=sin-1(1/1.35)=47.73°

Similarly, critical angle of ray 2:

sin (c,) = 1/u,=1/1.45

= c¢,=sin-1(1/1.45)=43.6°

Both the rays will fall on the side AC with angle of incidence (i)
equal to 45°.

A

45°
1—

z=45°>'
2 > 4
i=45° N\
“ lass
C
B A 4

Critical angle of ray 1 is greater than that of 7. Hence, it will emerge
from the prism, as shown in the figure. Critical angle of ray 2 is less
than that of i. Hence, it will be internally reflected.

sinc=—= L= sin 60°

BB

For the position of image of a point object S formed by the convex
lens,
u=-60cm
and f=20cm
From the lens formula, we have
Iv-=1Vu=1lf = 1/v=1/f+1/u
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126.

= 1/v=1/20+ 1/(-60)
= 1/v=3-1)/60=2/60=v=30cm
The positive sign shows that the image is formed to the right ofthe

lens.
/4%‘\5 ..... s 1
S E Il
15 cm
« 20cm Ve

»'e »
< L]

40 cm -

The image I, is formed behind the mirror and acts as a virtual source
for the mirror. The convex mirror forms the image I, whose distance
from the mirror can be calculated as,

I/v+lu=1/f

Here: u=15cm

and, /=R2=10cm =1/v=1/f-1/u

=1/v=1/10-1/15 = 1/v=(3-2)/30=1/30

=v=30cm

Hence, the final virtual image is formed at a distance of 30 cm from
the convex mirror, as shown in the figure.

<

S 1,
15cm Wl3cm
. 20cm — N —>

»'e >
< L] >

40 cm
The convex lens is in contact with a plane mirror. The image distance
is equal to the object distance. Thus, it is clear that the point object
is placed at the centre of the curvature of the lens.

—

From relation f = %

We use the relation, where, R is the distance between the centre of
the curvature

and the pole and f= focal length.
Here, R=20cm
.. Focal length of the lens =20/2 =10 cm
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127. For the least distance of clear vision, the total magnification is given

by: D 1+i ) ‘
m=§ £ =meyMme (1)

where, D is the separation between the eyepiece and the objective
J/, is the focal length of the objective

/. is the focal length of the eyepiece

D is the least distance for clear vision

Also, the given magnification for the eyepiece:

m,=5= 1+i=>5=1+§
¢ fe fe
=f,=5cm
Substituting the value of m and me in equation (1), we get;
20
o ?=4 D 14
Now, wehave, m= — = f; =—=3.5cm
1o | 4
128. As, 9=45° . cos0=cos45°= 1
V2
I1=1, cos? O
2
1
I=1)|—
()
I 1

= SIij=1:2
Iy 2

129. Distance between the two sources
d=0.15mm=15x10%m
Wavelength, A=450nm =4.5x 107" m
Distance of screen from source, D= 1m
(a) The distance of nth order bright fringe from central fringe is
given by
_Dmh

Yn d
For second bright fringe,
2D 2x1x4.5x1077

y =
> d 1.5x107%
=6x 10774
y2=6><10‘3m

The distance of the second bright fringe
y,=6mm
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(b) Thedistance of nth order dark fringe from central fringe is given
by

, DA
Vn = (zn'l)g

For second dark fringe n=2

D). 3DA
F=(2x2-1) e =
¥ = (2 )2d 2d
, 3 1x45%x1077

Y

"2 1sx107
The distance of the second dark fringe,
Yp=4.5mm

130. Given,D=1m,d=4 x 103 m, ., =560 nm,
and A, =420nm
Let nth order bright fringe of A| coincides with (n+ 1)th order bright
fringe of A,

d g MM
= n\=(m+t1)A,
n+1_h
n A
1_560x10® 1 4
n 420x107° n 3

1 1
> —=->=>n=3
n 3

.. Least distance from the central fringe where bright fringes oftwo
wavelength coincides
= distance of 3rd order bright fringe of

_ 3D),
Yn d
_ 3x1x560x107°
4x107
¥,=420x10%m
=042x103m
S Y,=0.42 mm
Thus, 3rd bright fringe of A, and 4th bright fringe of A, coincide at
0.42 mm from central fringe.
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131.

132.

133.

134.

Given, A=6000A =6 x10""m

andd=1x10"m

Separation between slit and screen, D= 1.5 m, the separation between
two dark lines on either side of the central maxima

2D\

= fringe width of central maxima= e

_ 2x1.5x6x107

1x107*
=18x103m=18mm
The intensity of transmitted light from P

I= i) ( Average of cos? 0= l)
2 2
The intensity of transmitted light from P,,

(J3)
= I—O(cos2 30°) =1—0x ﬁ = &
2 2 2 8

.. The intensity of transmitted light from P;, (third polaroid)

- %[cos(%° -309T

2
3o (cos 60°)2 = 3l x (l)

T8 g8 2
_3h 1 3L
T8 T4 32

Using formula, intensity of emergent light from P,, I = I c0s20,
where 0 is the angle between P and P,.

when 0=90°=>1=1;*0 (.. cos6=0)

Intensity of emergent light,

I=0
Given, OP=y,
The distance OP equals one-third of fringe width of the pattern,
N l(D_7~) _Dxr
e, Yn 3 30 4 3d
ay, A
=D 3

a A
Path difference, S2P —S1P = % =3



326 PHYSICS

135.

136.

Now for phase difference corresponding to path difference.

2
Phase difference = %x Path difference = Tn x%

. 2%
.. Phase difference = T

Ifintensity at central fringe is /;, then intensity at a point, P where
phase difference is ¢, is given by

I=1, cos? ¢

2n 2 T 2
I1=1 (cos—) =1 (—cos—)
= o3 0 3

» (_1)2_1_0
D) 4

I
Hence, the intensity at point P would be %
Let, 6 be the angle between the pass axis 4 and C.

Intensity of light passing through 4= 170

I
Intensity of light passing through C = 70cos2 0
Intensity of light passing through B

= (%OCOSZ 9) .cos? (90°-6) = %’(sinecose)z
1 I
But. 0 (o 2 _20
t, > (sinBcos6) g

As, (sinBcos6)’ =%

2 1T T,
or sin20 =1= 20 =90°
0=45°
u=15,
v=6x104Hz
speed of light in glass,
3x108

c
—= =2.0x108ms’!
U 1.5

(mmf_l sin20 1

v=
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Wavelength in glass

v 2x108
v 6x10

137. Given: A=450nm=450x10"m
D=15m

y=3mm=3x103m,d="?
We know that the first minima lies at a distance y given by the

relation
dl =1 o d= D_7‘
D y
-9
_15x40x10 7 5 s k1074 m

3x1073

138. Given: a=1x10%m,D=18m,A,;=590nm=590x 10~ m,
A,=596nm =596 x 10 m
To obtain first maxima, phase difference,

asin® =(2n+ 1)%

for n=1
. A y A
0=3— =—=3—
asin 5 or a ) 5
3.D
— =—A—
y 2 a

Separation between the positions of the first maxima
3D 3D 3D

=y -y = oAy — == ==—(Ay — A
Y2 =91 2a22a1 2a(2 1)
1. _
R 84 x (596 - 590) x107
2 1x10
=162x105m

139. The linear distance between two dots is / = % cm

=0.84 x 1072 cm. At a distance of Z cm this subtends an angle.

2
=0.84><10 cm ~145em

1
~llz coz=—
¢ o  58x1074
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140. -.- de-Broglie wavelength,

h h
)\' = = . p—
\N2mK  \2mqV (~K=qV)
Here potential is kept constant.
}"a _ Mpdp

- =
)4 Mo 9o

;\p=m — }»a:kp=1:2\/§

>

-k

141. de-Broglie wavelength of accelerated charge particle,

h 1
A= S A
\2mqV - oc\/mqV

Ratio of wavelengths of proton and a-particle

A A

p (ma\ (q(x Vo
E:JWJ l2,)\7,)

Here,m—°‘=4, 9a 1,

X

X
1= 4)(2)((—) 1=
= T

512
x=64V
142, de-Broglie wavelength is given by
h h
2mK - J2mqV ( K= qV)

A=

PHYSICS
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.. Ratio of de-Broglie wavelengths of proton and a-particle

Ar_p: maana (m_a\(q_a\(V_a\

Ao muqpVpy meJLquLVpJ

bore, Mo — 4 o5V _ 64 1
*m g, V, 128 2

P p

A ’
£ 4><2><l=2
Ao 2

or, Apihg=2:1
143. Energy of incident radiation
he  6.6x107* x3x108
A 400x107

_ 6,6><10_26 x3 .
4x1077 x1.6x10710

=E

V =31eV

For A, hv> ¢, hence it shows photoelectric effect.

For B, hv < ¢ hence it does not show photoelectric effect.

h h
144, p=—=——=1012x6.6x 103
A 0.01x10710
=6.6x102kg/s
145. Given

Vparticle = 3Velectron

4
and )“partlcle =1. 8 1 3 X 10 )“electron

() As A= e (de-Broglie equation)
my

= Mparticle _ Aelectron X Velectron
Melectron  Mparticle X Vparticle
mparticle = 1839 Mejlectron
=1839x9.1x1073!
=1.673 x102kg
Particle is either a proton or a neutron.

mparticle
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146. (i) For electron or photon, momentum
-34
b 880 6 63x1025m
A 107

147.

(6.63x10—34)x(3x108)

(i) Energy of photon, E = E =
A 10_9x(1.6x10_19)
=1243 eV
2

(i) Kinetic energy ofelectron, F = P
m

=2.9x1073! x(1.6><10_19)

=1.52eV
The de-Broglie wavelength of the electrons is given by:
N h
~ 2mev
Here:
m= mass of the electron =9.1x10731 kg
e =charge on the electron = 1.6x10"19C
V'=accelerating potential = 50 kV
h=Planck's constant = 6.626x10734 Js
6.626 x 10734
=h= 31 19 3
J20.1 x 10731 (1.6 x 107%) (50x10%)
=A=0.0549 A

Resolving power of a microscope, R=2usin6/A

For an electron microscope, the electrons are accelerated through a
60,000 V potential difference. Thus the wavelength of electrons is
found to be,

N 1227 1227 R
="~ Jeoooo 003

As, A is very small (approximately 10-3 times smaller) for electron
microscope than an optical microscope which uses yellow light of
wavelength (5700 A to 5900 A). Hence, the resolving power of an
electron microscope is much greater than that of optical microscope.
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148.

149.

150.

151.

Energy of a photon is given by
E=hv

Number of photons emitted per second, n=%

where, P = Power emitted
On putting the values, we get,
n=3x107/663x 107" x 5 x 10"
=9.05x 10"
Energy of a photon is given by, v
E=hv
Number of photons emitted per second,

P
n= T where, P = power emitted

On putting the values, we get,

2.0x1073
n=
6.63x10734 x6.0x10'

According to the de Broglie hypothesis, the momentum (p) of an
electron is given by

=5.03x10!3

p=- .. (0)

hc _
Energy of photon, £ = T 6x1077J  (Given)

(6.625x1074)(3x10%)
(6x10717)

= A=331x10"m
From eq" (i), we have

= A=

_6.626x107

3.31x107°
The angle of deviation & for a ray of light in a prism is given by
d=i+te-A
where i = Angle of incidence of ray
e = Angle of emergence and
A = Angle of prism
= 6=2i-4 (re=i

=2x10 P kgms™!
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152.

153.

154.

3
Given: i=e 2

~8—2x3A A—lA
" 4777 2

As the prism is equilateral, ZA = 60°

1
..8—5X60 =30

When a concave lens made up of certain material is placed in a
medium of refractive index less than the refractive index of the
material of lens it behaves as a diverging lens and when it is
placed in a medium of refractive index greater than the refractive
index of the material of lens it behaves as a converging lens. So,
if a concave lens of refractive index 1.5 is immersed in a medium
of refractive index 1.65 it will behave as a converging lens.

B _(AD/d) A

i AG=—
(a) Angular width, D D 4

A 6000x10710(m)

" A8 1°xn/180(rad)

=344 x 10°m = 0.0344 mm
(b) The frequency and wavelength of reflected wave will not
change.
The refracted wave will have same frequency.
The velocity of light in water is given by,
v=2M
where, v = velocity of light
A = wavelength of light
f = frequency of light
If velocity will decrease, wavelength (A) will also decrease.
Given, focal length of objective lens, f; = 15 m
Focal length of eyepiece, f,= 1 cm = 0.01 m
(1) Angular magnification by the telescope

Joo_ 15 _ 500

Je
Let d, be the diameter of the image of the moon formed by
the objective lens.

d d
.. Angle subtended by the image = 7; =E
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(i) Diameter of object, d;, = 3.48 x 10° m
Radius of orbit, r = 3.8 x 10° m
The angle subtended by the diameter of the moon

Diameter of moon

- Radius of lunar orbit

The angle subtended by the image is equal to the angle
subtended by the object.

d; _3.48x10°
15 3.8x108
—2
or d;m%ﬂanxm-zm

or d;=13.73cm
Thus, the diameter of the image of moon is 13.73 cm.
155. According to the Brewster law

Refractive index M = tani, where i, isthe polarising angle
IJ. = tan 60° =\/§
The refractive index of the material is 1.73.

m o om_m-n

156. Using the relati —=-
sing the relation, — R

15 1 1.5-1 1

= Y T (C100) 20 40 “00em”\  R=20cm
15 1 1 _5-2_3 S

= Y 740 100 200 200

L, Lsx200 00

Hence, the image is formed at 100 cm in the denser medium.
157. (@) Given: Radius of curvature of mirror R=20 cm
.. Focal length of mirror, f=—10 cm
We knowthat magnification of mirror (Read images) are formed
by concave mirrors),
Magnification of image, m=-2
We know that magnification

m=_1=_l :>—2=—X:>v=2u
u 0 u

Using mirror formula



158. (a)

(b)

PHYSICS

1 1 1 1 1 3
T S R
f v u 2u u 2u
3
2
. v=2u=-30cm

Therefore, the distance of the object is 15¢m in front of the
mirror and the position of the image is 30cm in front of the
mirTor,

Given: wavelength of incident light

A, =589nm =589x10" m

air

Refractive index of water, u =1.33
Frequency of the refractive light

o€ 3 10°
Aair  589x107
Speed of light in air, C=3 x 10* m/s
or, f=5.09%x10"Hz

Su= f=%><(—10)=—15cm

Wavelength of refracted light A ger = Z“ air
w
-9
=389X10 " _ 4 42%107m
1.33

a

Speed of refracted light, V,,,, = <

w

8
30 10t ms

Given : focal length of lens, f=20 cm and refractive index of

lens, u=1.55
Let the radius of the curvature of each of the two surfaces of
the lens be R.

If R =Rthen R, =-R
Using lens maker’s formula,
1 1 1
—=(u—l)[———]
f R R
1 1 1] 1.1
—=(1.55-1)| =+—|=—
o 20 ( )[R R]

R=20x1.1=22cm
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159. According to the question, angle of prism A = 60°
(.. prism is an equilateral)
Here, i= %A =45°

As the ray undergoes minimum deviation
Si=e

A
andr, =r,= 5 =30°

Using Snell's law

sini  sind45° 2 2 _
p=-—-= T =2 =1414

sinr  sin30°

2
.. Speed oflight in the prism
€ 3x10°

B 1414

160. The radius of atom whose principal quantum number is », is given by

r= n2r0

=212 x 108 m/s

n =53x10""m
For second excited state, n=13

r=32xr =9x53x107!1

o, r=477x10"19m

161.())  The kinetic energy (E,) of the electron in an orbit is equal to
negative of its total energy (E)
E,=-E
=—(-15)=15eV

(i) The potential energy (£) of the electron in an orbit is equal to
twice its total energy (ES)
ie, Ep=2E

=15x2=3eV

(i) Asaresultoftransition of electron from excited state to ground
state.
Energy of radiation=1.5—(—13.6)
[ Ground state energy of H-atom =—13.6 ¢V]

hc
= 5 12.1 eV = energy of radiation

12.1x1.6x1071?

6.62x1073* x3x107
= A=1.025x102"m=1025A
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162. Given, the electron in hydrogen atom is initially in third excited state.
. n=3
And the total number of spectral lines of an atom can exists is given
n(n-1)
2

by the relation

Here, n=3

3(3-1)  3x2
2 2
Hence, when a hydrogen atom moves from third excited state to
ground state, it emits three spectral lines.
163. According to Bohr’s theory of hydrogen atom, energy of photon
released, £, —E, = hv

Given, E; =-1.151eV

=3

So, number of spectral lines =

E,=-085
E,—E,=-085—(-151)
=151-085
E,—E, =066V

E=E,-E;=0.66eV
So, the wavelength of emitted spectral line,
_1242¢V-nm 1242 eV -nm
E(ineV) —  0.66eV

A=188x10°m ~18751x107'%m
The wavelength belongs to Paschen series of hydrogen spectrum.
164. The possible transitions fromn=4ton =1 level are

l

=4

l

() n=4ton=3,n=3ton=2,n=2ton=1
(2) n=4ton=2,
(3) n=4ton=1,
4 n=3ton=1

At each level of transition, a photon would be emitted. Hence the
maximum number of photons would be 6. The minimum number of
photon would be forn=4ton=1, i.e., 1 photon.

s B B B

3
2
1
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165.

166.

Here, a;=5.3x10"1m

For first excited state ,n =2

Radius in the first excited state,
r=n%a;=(2)?x53x 10711

=212x10""m

Total energy in this state

E—-% =_ﬂ=_34 V

n 22

Energy of the electron in the n'" state of an atom is given as,

2
-13.
n n2

Here, z is the atomic number of the atom.
For hydrogen atom, z=1
Energy required to excite an atom from the initial state (n,) to the

-13.6 13.6
final state (n) = ——t—>5¢V
nf ni
This energy must be equal to or less than the energy of the incident
electron beam.

-1 1
SEELNELEPS
ng nj

Energy ofthe electron in the ground state

_13'6eV=—13.6eV
1

—-13.6

n

+13.6 =125

= -136-125=—
nfg
n=35
State cannot be a fraction number.
=3
Hence, hydrogen atom would be excited up to 3™ energy level.
Rydberg formula for the spectrum of the hydrogen atom is given
below:
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167.

Here, A is the wavelength and R is the Rydberg constant.
R=1.097x10" m™!
For the first member of the Lyman series: n; = 1 andn, =2
1 7 1 1
= 1.097x10 [1—2—2—2]
A=1215A
For the first member of Balmer series:n, = 2 andn, =3

1 1.097x107[i2—i]
2

A 32
= A=6563 A
Energy of the electron in the n™ state of an atom is given as,
3 2
E - 13.26Z oV
n

Here, z is the atomic number of the atom.
For hydrogen atom, z = 1
Energy required to excite an atom from initial state (n) to final

state (nf)
2 2
n f ni

This energy must be equal to or less than the energy of the
incident electron beam.

. —13—'6+13—'6 =129
2 2
nf ni

13.6
Energy of the electron in the ground state = IT =-13.6 eV

13.6
- +136 =129 = 136-129= 13—2'6
nf nf
136
2 = e— = =
nt= oo =1943 = =44

State cannot be a fraction number.
L= 4
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Hence, the hydrogen atom would be excited up to 4t energy level.
Rydberg's formula for the spectrum of the hydrogen atom is given
by,

1_ Riz-l2
A ni my

Here, A is the wavelength.
Rydberg's constant, R = 1.097 x 10’m™!
For the first member of the Paschen series:

n =3
n, =4
1_ 1.097x107[i—i]
A 32 42
A=18761 A
For the first member of Balmer series:
n =2
n,=3
% = 1.097 x107[%—%i|
2 3
A =6563 A
168. The wavelength of emitted photon is 275 nm which would have an
energy,
-34 8 —19
E=E=6.6><10 x3x10 —792x10-19]= 7.22x10 .
A 275x107° 1.6x1071°
= E=45¢V.
This energy would be possessed by an electron going from 0 eV to
—45¢eVas
E=E,-E,=0-(-4.5)eV=4.5¢V is energy of photon corresponding
to transition B.

169. Mass defect,

Am = mass of -3 Na—massof ;Na= (22.994466 — 22.989770)

u=0.004696u

Energy released

E=(0.004696 x 931.5) MeV =4.372 MeV
As the daughter nucleus and anti-neutrino carry negligible K.E, hence
the maximum kinetic energy of electrons is 4.372 MeV.
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170. mass defect of He = [2m(n) + 2 mp] —my,
Since He, has 2p* and 2n°,
2mp+ 2m =2 x1.00728+2x1.00867=4.0319u
Am (He)=4.0319-4.00150=0.0304 u
1 amugives energy 931.5 MeV
Q(He)=Amc?=0.0304 x931.5
MeV=28.32 MeV.
171. The nuclear density is same for all nuclei.

P
Py

172. During o decay, the mass number of a nucleus decreases by 4 and
charge number decreases by 2. During B decay mass no. remains
unchanged and charge no. increases by 1.

=1.

2
- . -1
a=,He; g= o
75 a3 B ., 74 o T2 y 72
4g9 7 A1(186) 7 A2(186) 7 A3(182) — A4(182)
During y decay, the mass number and charge number of a nucleus

remains unchanged. Thus mass number and atomic no. of 4, are 182
and 72 respectively.

173. Energy released per fission
=(110+130) x 8.5 MeV—240 x 7.6 MeV
=240 % (8.5-7.6) MeV
=240x0.9=216.0MeV
174. A=225,R=1.1x10"15A!3
Let A, and A, be the mass no. s of the two new nuclei for med. Then

A= iA=§><225=135
3+2 5

A, = LA=3><225=90
3+2 5

R;=11x1015AB=11x10"15x(135)13
=5643x105m (.- (135)'3=5.13)
R,=1.1x10"15A,13=1.1x10"15(90)!3
=4.93x10"5m (- (90)!3=4.48).
175. Let N, be the concentration of 4 after time ¢z, and Ny be the
concentration of B after time, 7.

GP_3166



How will you get the solution of numericals based on formula ...

7341

From radioactive disintegration equation

N, =Nye 4 4

Ng=4Nye™B'B [As Nyg=4Np,]
Now, half-life of 4 is 100 yr and B is 50 yr.

S7»12d In2
0. ha=Tgp 2nd Az =5

Dividing, we get

A Ay 1

Ap 5 or Ap=2A,
e—)»At
NB 4e” Apgt

4e—}\,Bt — e—}»At = 4= e_()\‘A_)\‘B)

Let after t years, N, =

Ind=—(+r,~2a)t  [“Ap=2hy]

Ind=A3,t
In4 In2
t=——-x100 Ay=
In2 [ 4 100}
=200 yr

Therefore, after 200 years amounts of A and B become equal.

176. Given: at t=0,N=Njandatt=T,

N= NO/n
As we know,
N _
N=Npe™ . —E=Nge M
or n=e

Taking log of both sides, we have

Inn=AT
oo A=hn/T
As we know that
T
TV, = 0 693 _ 0.693

7\. {nn
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177.

178.

Given fusion reaction

12H + f’ H—> gHe +n
Total mass of the reactants

=2.014102 +3.016049=5.030151u
Total mass of the product

=4.002603 + 1.00867=5.011273u
= Mass defect = 0.018878 u
. Energy released = (0.018878 x 931.5 MeV/c?) x ¢?

[ Using E = Amcz]

=17.584857 MeV
As we know, according to Bohr's theory angular momentum
mvr = nh omvr = nh
2n a 2n
The de-Broglie wavelength is given as,
X=%=%=£x(2nr2)=nr2

As1,=0.529 xn2x 10710m
Therefore, wavelength

A=mx0529%x10"10x 1% =3.14x0.529x10"19%x22 =6.64x10"m

179.

180.

181.

For shortest wavelength, of the spectral lines emitted in balmer series,
n=o0

1 1 1
As we know, 7= R 23

> A 22 n
l=R[L_0J=£
A 22 4
4 4 _
;"=E=_7=4X10 7m

The binding energy of the nucleus of mass number 240,

B; =7.6x240=1824MeV

The binding energy of each product nucleus,

B, =8.5x120=1020MeV

Then, the energy released as the nuclues breaks is given by
E=2B, -B; =2x1020-1824 =216 Mev

Given: Binding energy of 21H, E; =223MeV

Binding energy of 3He, E, = 7.73MeV
Energy in the fusion reaction is given by
AE=E,-2E;=7.73-(2x2.23)=327Mev
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182. When gaseous hydrogen is bombarded with an electron beam, the
energy of the gaseous hydrogen
=-136+125eV=-1.1¢V.

Orbital energy E=_13'26 eV
()
Forn=3, E= _13;6ev= 138 vo1sev
(3 9

This energy is approximately equal to the energy of gaseous
hydrogen. This implies that the electron has jumped from n=1 to
n=3level.

During its de-excitation, electrons can jump fromn=3ton=1
directly, which forms a line of the Lyman series of the hydrogen

o1 1 1
spectrum. For Lyman series, x =R FER—)

For first member n=3

el
A, ) 19

nt 1.097><107[E]
A 9
(.- Rydberg constant R=1.097 x 10’'m™)
i= 1.097 x10’ ><§ or, A, =1.025x 10" m
A 9 !
Forn=3

;“—= 1.097 x10” x% o, A,=1215x10"m

2

For Balmer series 1 = R[iz —Lz
A 2° n
For first member n=3

i=R Lz— 12 =1.097mx107x[l-li|
A, 2 (3 4 9
A,

or, =6.56 x 10"m
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183. (a) The output resistance ()
( AVEg)
B AIC Ig = constant

184.

From the given graph, at /g = 60u4
VCE = 2V, VCE =16V
Collector current changes from 8§ mA to 8.5 mA
i.e., AVCE =16-2=14V
Al-=85-8=05mA=5x10"*A
( AV 14
5x1074

r, =2.8x10*Q =28KQ
(b) Thecurrent amplification factor,

Vcg=constant

Ip =10p4 to 60p4

Alp =(60-10) = 50pA

I Changes from 1.8 mA to 8mA AI-=8-15=6.5mA

(AQJ _65x1073A

- —6

Alg)y . 50x10°A

Diodes D, and D, are ideal, therefore, they do not offer any resis-

tance. Hence the two 3 ohm resistors are in parallel, hence,

Rp=3x3/3+3=9/6=15Q

Now, Rp and 2.5 ohm resistors are in series, hence, net resistance

R=Rp+25=15+2.5=4.0Q

Hence, current through the circuit and through 2.5 Q resistors

I=V/R=10/4=25A

=130

D, 3Q

_|>|_,\,\NW_
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185.

186.

From the output characteristics at point Q,
Vep=8V andI-=4mA

Vee=IRC+ Vg

.R = =2KQ
¢ I¢ ¢ 4x1073
Since, Vgp=IpRp+Vy
16—-0.7
=——=510KQ
B 30x10
1 -3
NOW,B=—C=4LO6=133
Iy 30x10”
. R- 2x10°
Voltagegain=4,= - — =—133 x ————=0.
aeee d BRB 510 x103
Powergain=Ap=BxAV
2x10°
= _32&=(133)2XX—03 =
RB 510x10

In ‘n’ region; number of e~ is due to As:
n,=Np=1x10"6x 5 x 1028 atoms/m?
n,=5x 1022/m3

The minority carriers (hole) is

. n (1.5x10'%)*  225x10%
hn, T 5x10%2 5% 102

n,=0.45x 10/m’
Similarly, when Boron is implanted a ‘p’ type is created with holes
n,=N,=200x 1076 x5 x 1028 =1 x 1025/m>

This is far greater than e~ that existed in ‘n’ type wafer on which
Boron was diffused.
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Therefore, minority carriers in created ‘p’ region

n  225x10%

n=—

=225x%107/m3
e 1x107 xwm

187. The maximum line of sight distance
d = \’2RhT +\’2RhR

= V2 %6400 x 103 x 36 +v2 x 6400 x 103 x 49

= 8x6x102/20 +8x7x10220

= 8x102(6+ )20
=10400 x 4.472=46.51 x 103
=4651x10*m
188. Let the height of a TV tower is /. Then, the transmission range is d
= 2hR . Where R is the radius of the earth.
Let /' be the increased height

21 121
" — 20 __~p
h h+100 100

. ) 121
Therefore, new transmission range is, d= , |2 100 h|R

11 11
= —\2hR="—d
10 10

Hence, the percentage change in the transmission range will be

Mx100%=(d_d) «100%
d d
(11, ) 1
= LIOTJ %100% = (E_l) x100%
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1

Thus, the transmission range will be increased by 10%.

189. Here, maximum amplitude, 4., =16V

Minimum amplitude, 4,;, =4V

o _ Am Amax — Amin
-+ Modulation index, (1) A A + A
_l6-4_12_3
W= l6+4 2075
n=—-=06

190. Maximum distance upto which the signals can be transmitted d="?

d =~2hR
where, R =radius of earth = 6400 km
=6.4x106m

d=v2x80x6.4x10% [+ h=80m given]
or, d=32x10>m=32km.
191. Here,4-=18V,
A, =7

m

Modulation index
pe =50%=0.50

A A
As we know, py=—"= 05=2m
A, 18

= 4,=05x18
or A4,=9V
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192. Maximum distance between the two antennas is
d,=d,+d,
= ,'ZRhT +"2RhR

where, d, = maximum horizon for transmitting antenna
and d, =maximum horizon for receiving antenna

=\2x64x100 x45 +V2x6.4x10% x80

=(3x8x103+4x8x10°)m
=56 x10°m=56km
193. Maximum distance between the two antenna
dmax = ,’ZRhT +,’2RhR
=\2x64x10°x45+0 [+ hg=0]
=24 x 103 m=24km

2x
time

194.

= velocity
2x=3x108m/s x4.04 x 10735

12.12x10°
x=—
2

m =6.06 x 10° m= 606 km

d?=x%— h?=(606)* - (600)? = 7236, d=85.06 km
Distance between source and receiver

=2d = 170km
d,=22Rh; ,2d=d,, 4d* =8 Rh;

d? 7236

—=h;= ————=0.565km =565m.
2R 2 x 6400
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—d —

195. (i) L=l,soln 1 =—ax
I, 4 4

o

orlnd=oxorx= (ln_4)
o

(i) 10log,, IL =—ox where a is the attunation in dB/km.
o

Here L = l
1, 2

or 10 log (%) =—50a orlog2=5a

_log2 03010
5

196. Given: A-=50V,u=05,A_ =7,

=0.0602 dB/km

or o

Am
As we know p=——
Ac

Hence, A =Acxpn=50x0.5=25V (Amplitude of A.M. wave)
Frequencies of sidebands
(1500 +10)kHz=1510kHzand 1490kHz.
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197. Given: Output voltage, V= 2V, output resistance, R, = 2kQ, base
resistance, R;= 1 kQ

Current amplification factor, B =100

Then input signal voltage is calculated as :

2

R, 2
=22xB=>—==x100 =
R p v = V,=10mV

BN

-

Now, collector current /. = ;—0 = % =1 mA
0

Therefore, base current [, = I—C = M =10p4
B 100
198. According to question,

Upper side band frequency, f, + f,, =660kHz ....(i)

Lower side band frequency, f, - f, =640kHz ...(ii)
Adding equation (i) and (ii), we get
2f =660 kHz+ 640 kHz
f =650 kHz
Now f. + f, =660kHz
f,, =660 kHz — 650 kHz
f,,=10kHz
Band width for amplitude modulation
= Upper side —lower side = (f + £, )-(f, - f ) =2f
.. Bandwidth for amplitude modulation

= 2x10 kHz =20 kHz

oono
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CHAPTER 9

How will you solve numericals based on
laws/theorems........7

(A)

(B)
5.

Electrostatics

Two protons in a molecule is separated by a distance 3 x 10~10 m.
Find the electrostatic force exerted by one proton on the other.
[Delhi 2008C]
Three charges 10 uC, 5uC and —5uC are placed in air at three corners
A, B and C of an equilateral triangle of side 0. 1m. Find the resultant
force experienced by charge placed at corner A.  [Foreign 2011]
A charge q is enclosed in a cube. What is the electric flux associated
with one of the faces of cube?
The following figure shows a surface S which is enclosing —2q charge.
The charge +q is kept outside the surface S. Calculate the net outward/
inward flux from the surface S.

*q

Current Electricity

In the given circuit, assuming point A to be at zero potential, use
Kirchhoff’s rules to determine the potential at point B.
[Delhi 2009, All India 2011]
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2V
aA D 2‘A I||| B
. . I
R% %29 %Rl
2A
| 3
A II|I i
1V

6.  ApplyKirchoff's rules to the loops ACBPA and ACBQA to find the
value for the currents /;, I, and /5 in the network. [All India 2010]

Ly >
=O

.‘WW‘
=120Q

7. Apply Kirchhoff’s rules to the loops PRSP and PRQP to find the
value for the current /;, /, and I3in given circuit. [All India 2010]

200 Q L

S
WWW <

Sv—_— 60 Q

l 20 Q
E L / (milliammeter)
/ < I I

h 4v

(e}
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8. A battery of 10V 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.
(a) the equivalent resistance of the network and
(b) thetotal current in the network. All India 2010]
9. Calculate the steady current through the 2Q resistor in the
[Foreign 2010]
2Q
A B
3Q
— W
4Q
2 uF
I | vAVAM
28Q

10. Using Kirchhoff’s rules in the given circuit, determine
(i) the voltage drop across the unknown resistor R and
(i) the current / in the arm EF. [All India 2011]

05A3V 20
A——|—MWW—<—B

L 4V 20
El—<—|—WW—eF

\4

R
> W———

11. UsingKirchoff’s rule, determine the value of unknown resistance R
in the circuit so that no current flows through 4Q resistance. Also,
find the potential difference between points 4 and D. [Delhi 2012]
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1 E

F MWW oD

1Q 4Q
2k
6V

|1 T 1
|1 H C

4 gy B 3V

12.

13.

14.

In the diagram below each resistance is of 1Q. Find the equivalent
resistance between A and B using kirchoff's law.

A 10 E 10 B

The length of a potentiometer wire is 600 cm and it carries a current

of 40 mA. For a cell of emf2V and internal resistance 10 W, the null
point is found to be at 500 cm. Ifa voltmeter is connected across the
cell, the balancing length is decreased by 10 cm. Find :

(1) The resistance of whole wire

(i) Reading of voltmeter

(ii)) Resistance of voltmeter

Figure shows two circuits each having a galvanometer and a battery
of 3V. When the galvanometer in each arrangement do not show any
deflection, obtain the ratioR /R, [All India 2013]

;r’/ R, 120
=30V
G
ﬂ>6OQ
60 90 80
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15. Inthe meterbridge experimental set up, shown in the figure, the null
point 'D' is obtained at a distance of 40 cm from end A of the
meterbridge wire. Ifaresistance of 10 Q is connected in series with
R, null point is obtained at AD = 60 ¢cm. Calculate the values of R,
andR,. [Delhi 2013]

16. Use Kirchhoff's rules to determine the value of the current I} flowing
in the circuit shown in the figure. [Delhi 2013C]

I, 200
»- "ANAA

A 4

30Q 20V
|_
IS

Y r z

gov L, 20Q

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

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

[Delhi2014]

19. In a meter bridge shown in the figure, the balance point is found
to be 40 cm from end A. If a resistance of 10 Q is connected in
series with R, balance point is obtained 60 cm from A. Calculate
the values of R and S. [All India 2015]
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(C) Magnetism

20.

21.

22,

23.

24.

A current of 5A is flowing from South to North in a straight wire.
Find the magnetic field due to a 1 cm piece of wire at a point 1 m
North-East from the piece of wire. [All India 2011]
Two large metal sheets carry surface current as shown in fig. The
current through a strip of width dl is kdl where k is a constant. Find
the magnetic field at the point P, Q and R.

.P

[OXOIOXO]
.Q
[SICIONO)]

A galvanometer of coil resistance 20 ohm, gives a full scale deflection
with a current of 5 mA. What arrangements should be made in order
to measure currents upto 1.0 A ? [Delhi 2011C]

Two galvanometers, which are otherwise identical are fitted with
different coils. One has a coil of 50 turns and resistance 10Q while
the other has 500 turns and a resistance of 600Q2 . What is the ratio
of the deflection when each is connected in turns to a cell of e.m.f
2.5V and internal resistance 50Q ?

A sample of paramagnetic salt contains 2 x 1024 atomic dipoles,
each of moment 1.5 x 10723 JT-!. The sample is placed under a
homogeneous magnetic field 0f0.84 T and cooled to a temperature
of 4.2 K. The degree of magnetic saturation achieved is equal to
15%. What is the total dipole moment of the sample for a magnetic
field 0f 0.98 T and a temperature of 2.8 K. Assume Curie’s law.

(D) EMI, Alternating Current and EM Waves

25.

26.

A metal rod of length 1 m is rotated about one of its ends in a plane
right angles to a field of inductance 2.5 x 10-3 Wh/m2, If it makes
1800 revolutions/min. Calculate induced e.m.f. between its ends.

[Foreign 2012]
Using Lenz's law, predict the direction of induced current in the
situations described by the following fig. (1) to (5).

LAO/WUF:‘I 1 ey
a b N 2 S

Fig-1
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a b N S § d

Fig2

b
=
g a
Fig. 3
E 5 % Decreasmg at

Fig 4 a a stead rate

Fig.5

27. Alowloss transformer has230 V applied to primary and gives 4.6 V
in secondary. The secondary is connected to a load which draws 5 A
current. Find the current in primary.

28. In a given coil of self-inductance of 5 mH, current changes from
4 Ato 1 A in 30 ms. Calculate the emf induced in the coil.
[All India 2015]

(E) Optics

29. The intensity of the polarised light becomes 1/20th of its initial
intensity after passing through the analyser. What is the angle
between the axis of the analyser and the initial amplitude of the light
beam ? [Delhi 2008C]

30. Consider the situation shown in figure. Find maximum angle for
which the light suffers total internal reflection at the vertical surface.
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31.

32.

33.

34.

35.

36.

A ray of light from a denser medium strike a rarer medium at an angle
of incidence i (see Fig). The reflected and refracted rays make an
angle of 90° with each other. The angles of reflection and refraction
are rand 7. Calculte the value of critical angle.

e sy

A beam of polarised light makes an angle of 60° with the axis ofthe
polaroid sheet. How much is the intensity of light transmitted through
the sheet ?

A ray of light strikes a glass plate at an angle of 60° with the glass
surface. Ifthe reflected and refracted rays are at right angles to each
other, find the refractive index of the glass.

Two polaroids P, and P, are placed with their pass axes perpendicular
to each other. An unpolarised light of intensity /; is incident on P,.
A third polaroid P; is kept in between P, and P, such that its pass
axis makes an angle of 60° with that of P|. Determine the intensity of
light transmitted through P, P, and P;. [All India 2014]

When one centimeter thick surface is illuminated with light of
wavelength A, stopping potential is V and when the same surface is
illuminated by light of wavelength 2 A, stopping potential is V/3.
Determine threshold wavelength for metallic surface.

Find the Brewster angle for air-glass interface, when the refractive
index ofglass=1.5. [All India 2017]
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(F)

37.

38.

39.

40.

41.

42.

Atoms and Nuclei

The ground state energy of hydrogen atom is —13.6eV. The photon
emitted during the transition of electron from n=2 ton=1 state, is
incident on the photosensitive material of unknown work function.
The photoelectrons are emitted from materials with a maximum kinetic
energy of 8 ev. Calculate the threshold wavelength of the material
used. [Foreign 2008]
The ionisation energy of hydrogen atom is 13.6 ¢V. Following Bohr’s
theory, find the energy corresponding to a transition between the
3rd and the 4th orbit is

Two radioactive substances X and Y initially contain equal number
of nuclei. X has a half'life of 1 hour and Y has halflife of 2 hours.

After two hours what will be the ratio of the activity of X to the
activity of Y?

The halflife of radium is 1620 years and its atomic weight is 226. Find
the number of atoms that will decay from its 1 gm sample per second.

The ground state energy of hydrogen atom is—13.6 eV. Ifan electron
makes atransition from an energy level -0.85 eV to—1.51 eV, calculate
the wavelength of the spectral line emitted. To which series of
hydrogen spectrum does this wavelength belong? [All India 2012]

The halflife of a certain radioactive material against a-decay is 100
days. After how much time, will the undecayed fraction of the
material be 6.25%? [All India 2015]
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SOLUTIONS

According to coulomb’s law, the electrostatic force F between two
charges q, and q,, which are seperated by distance r is

F ;Xﬁ —>3x10"0m «—
o, 0

41C80 r2

16x10"°C 16x10"°C
Here,q,=q,=1.6 x1071°C,r=3x10"1"m

o0 (1.6 1071%)2

P 2.56x107°C (Repulsive)

S0, F=9x1

9x1
Here, g ,= 10pC= 1075C
q5=5%107C
q=-5x10"°C
AB=BC=AC=0.1m

9 =5 —6
Now, Fp = — -quf _9x10° x10™ x5x10
ey AB (0.1)2
F,p=45N (repulsive)
1 qqqc  9x10° x10 x5x107°

c= : =
dngy AC? (0.1)2
F-=45N (attractive)

The forces F ;5 and F ;- are inclined at angle of 120°. If F is the
resultant force on the charge g, then

Also, Fy

F = \/F/%B +F3C +2FABFAC COS]20°

= /452 +45% +[2x45x45(~0.5)]

=45V1+1-1=45N

The resultant force acts on the charge 10uC charge along AP, where
point P lies on a line, parallel to side BC of the AABC.
According to Gauss’s theorem,

1
Total electric flux ¢ = X total enclosed charge
o

1
=—Xq
£0
Since cube has six faces, hence electric flux linked with each face =

(1/60)=q/6g,,

GP_3166
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4.  According to Gauss’s law, the net flux is

1 _

¢ =— x net charge enclosed by closed surface = —2q

€o €,
(Because +q is outside the surface S, so net flux due to +q is zero)

5. Applying Kirchhoff’s current law at junction D we get,

Current through the path DC

=1A
Now, applying Kirchhoff’s voltage law to the path ACDB.

VA +1+1X2—2=VB

when V=0, then V=1V
Hence, the potential at point B, Vg =1V

R=12Q

Applying Kirchhoff’s voltage law in loop ACBPA,
—1213 +6—0.511 =0

= 5I,+1200; =60 ()
In loop ACBQA,
—1213 +10—12 x1=0

Also from Kirchhoff’s junction rule
L+L=1 (i)
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Solving Egs. (i), (ii) and (iii), we get
11=_ﬁA 12_@,4. 3’=22
37 37 37

200 Q

Applying Kirchhoff’s second rule to the loop PRSP,

—I;x20— I, x200+5=0

1

A

W

I 20 Q
/(mllhammeter)
< |
P h |l
I 4v

YE+2IR=0

= 4] 3 +401 2= 1
For loop PRQP,

-2014

= S5L+15L =1
Applying Kirchhoff’s first rule at P

I

=Il +12

—60I; +4=0

From Eqgs. (i) and (iii), we have
41, +441, =1
From Egs. (ii) and (iii), we have

3=

2:

1= ozn

205 +51, =1
Solving the equations, we get

11, 11000 mA

172 172

4 4000

215 215

39 4= 39000 mA
860 860

0

(D)

(i)

(i)

..(iv)

(V)

PHYSICS
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8.  Let6/current be drawn from the cell. Since the paths A4’, AD and AB
are symmetrical, current through them is same.
As per Kirchhoff’s junction rule, the current distribution is shown in
the figure.

Let the equivalent resistance across the combination be R.
E=V,-Vp=(6I)R

= 6R=10 [-E=10V] (D)
Applying Kirchhoff’s second rule in loop 44'B'C’'A

2Ix1-Ix1-2Ix1+10=0
= 35I=10
I=2A
Total current in the network=6/=6 x2=12 A
From Eq. (i), 6/R=10
= 6x2xR=10

R=E=SQ

12 6
9. No current flows through 4Q resistor as capacitor offers infinite
resistance in DC circuits.
Also, 2Q and 3Q) are in parallel combination
_2x3 6

=2_12A
4B =913 5
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Applying Kirchhoff’s second rule in outer loop 4B and cell.
Let 7 current flows through outer loop in clockwise direction.

-127-281+6=0

= 4I=6

1=24
2

.. Potential difference across AB

VAB =IRAB =%X1.2

VAB = 18V

3Q and 2Q) are in parallel combination.
.. PDacross 2Q resistor is 1.8 V.
*. Current I’ through 2Q resistor is given by

II

10. G

(i)

or,

V18

= =—"-09A
R

2

Applying Kirchhoff’s voltage law in the closed mesh ABFEA,
we get,

Vg—05x2+3=V, = Vg—V,=-2
V=VA—VB=+2V

Potential drop across R is 1 V as R, EF and upper row are in
parallel.
Applying Kirchoff’s first rule at E

05 + I 2 = I
where, [ is current through R.
Now, Kirchhoff’s second rule in closed mesh AEFB,

SE+ZIR=0

—4+21, -05%x24+3=0 = 2I,-2=0
L=14

The current inarm EF=1A

11. Applying Kirchhoff’s voltage law in mesh AFEBA

=

—1xI-1x]-6+9=0
—2I+3=0
3

= =34 ()

GP_3166
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F A E D
Y/
10 4Q
R
— 6V
1 <i>
A II B !! C
9V 3V

Applying Kirchhoff’s voltage law in mesh AFDCA
—1xI-1xI-IxR-3+9=0

= -2[-IR+6=0

= 2I+IR=6 (1D

From egs. (i) and (i1)

3) 3
2x=|+=R=6 =
( 2) ) = R=2Q
For PD across A and D, along AFD
3 3
Vi—-=x1-=x1=V,
A 2>< 2>< D

VA - VD = 3V
12. Leta cell of e.m.f. E| be connected between A and B. The currents

through the various arms will be as shown in the fig.
1Q

—AAA :12
(I-1) 10 E (1) 10

|,
| I
E,
According to Kirchoff’s second law, in closed circuit ACEA,
0=IIX1+12X1—(I—II)1 or I=2Il+12 (l)

In closed circuit CEDC;

0=12 X1+12 Xl—(11—12)1 or 312 =Il (ll)
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Putting this value in eqn. (i), we get
I=205+L4/3 or I;=(3/71
Ina closed circuit E; AEBE,

Ej=d- I+ I- L) = 2AI- 1)) =2[I—%]=§7—I
IfR is the effective resistance between A and B, then E; =IR
So, IR=81/7 or R=8/7Q

13. (i) Potential gradient of the potentiometer wire

I\
S
o
=]
UJu\

| —A 1
= ‘A'A"'

The balancing length of the cell is obtained at 500cm. Therefore
V ;= (Potential gradient of potentiometer wire) x / ,

NVs—25v=22_24volt
6 5

Applying Ohm’s law

Vap =IRsp = Rp =VfAB=%=

(i) When a voltmeter is connected across the cell then the
balancing point shifts 10 cm left. This is because a current now
flows in the loop PRSQP and hence the potential drop across
PQ decreases.

60Q

Here 1 AP =IQJ,=0 IQ
A B
JV
P4 =N£ WW Q
2V 10Q
Id

GP_3166
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The potential drop across PQ
VPQ = (potential gradient for potential wire) </, ,

=%><4.9=1.96V

Thus the reading shown by voltmeter is 1.96 V.
(ii)) Since the potential drop across PQ is 1.96, therefore the potential
drop across MQ should be (2 — 1.96) = 0.04 volt.

Current I through the resistor of 10W

Vmq _ 0.04
Ryg 10

Applying Ohm’s law to PQSRP,
2=0.004(10+R,)=>R,=490Q.

14. In both the arrangements, since the galvanometer shows no
deflection, therefore, the bridge is balanced. The battery and the
galvanometer can be interchanged in a balanced Wheatstone bridge
without effecting the balance point.

Applying wheatstone bridge principle,

= 0.004A

In the first arrangement,
PR 46
Q S R 9
o, Rl=9><4=6Q

And in the second arrangement

6 _Ry R, = 8x6 40
12 8 12
R85
R, 4
15. Meter bridge is based on Wheatstone bridge principle

. P_R
ie, Qs

When null point D is at 40 cm from end A
/;,=40cm

and /,=100-40=60cm
Ry 40 2

R_2 - % - E (1)



372 PHYSICS

GP_3166

When a resistance of 100, is connected in series with R,
/;,=60cm
1,=100-60=40cm
R;+10 60 3 -
R, “30 2 .. (10)
Dividing egs, (ii) by (i)

R1+10 Xﬁ—
R, R

9
4

W Ww

4(R; +10)=9R,

4R, +40=9R,

or 40=35R,
: R, =8Q

and R2=%R1=%x8=129

16. a IJ 20Q b

Y A

F—— A A——
¢ gov L 20Q d
From Kirchoff’s Ist rule or junction rule
For junction f,
L +1,=1,
or, L =;-1, .. (1)
From Kirchoff’s 2nd rule or loop rule
In loop ‘abcfa’
—201, +20-301;=0
or, 21, +31;=2 .. (i)
In loop “fedef,’
30I;—-20+201,—-80=0
or, 3, +2,=10 ... (i)
Substituting equation eq.(i) in (ii)
2(I;-1,)+31;=2
or, SI;-21,=2 .(iv)
Adding equations (iii) and (iv)
8l;=12
o, [;=32A
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Substituting the value of I; in equation (iii) and solving we get,
L, =11/4A
Substituting for I; and I, in equation (i)
[,=32-11/4=-5/4A
17. Total resistance of the circuit,
R=Rpyt5Q=15Q

Cell

A
v

\%
Current in the circuit, i= —= 5 A

.. Voltage across PQ, Vl,Q = i.ROQ =4V

1
emfofthe cell, e= T Vo

Here: balance point is at,
I=40cm
Total length of wire PQ=L=1m=100cm

40
=—(4)=1.6V
e 100()

18. Total resistance of the circuit,
R=R,5+5Q=20Q

©

p 50 cm

P
100 cm

—— s —_
_| 5Q
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19.

20.

. ..V 5
Current in the circuit, i = R~ 20
.. Voltage across PQ, VPQ =iR, =375V
The emf of the cell connected as above is given by:

ce= _VO

Here balance point is at,

=60 cm

Total length of wire PQ=L=1m =100 cm
60

RS e—ﬁ(3.75)—2.25 A%

When balance point is at 40 cm, we have

R_ 40 40

S 100-40 60
= 3R=28 ()

When a resistance of 10 Q is added in series with R,

R_2
= 53

Then, equivalent reistance of R’=R + 10
Now, balance point is obtained at 60 cm.
R+10 60 60
TS 100-60 40
R+10 3
s 2
Solving eqs (i) and (ii), we get
S=12Qand R=8 Q
I=5A,dl=1ecm=00Im, r=1m

=>2R+20=3S ...(i)

0=45° [+ Direction is North-East]
By using Biot Savart's Law,
dB = My 1dlsin€
4 r2
_7 _5%0.01xsin45°
=10 XT =354x10°T

Its direction is vertically downwards.

GP_3166
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21.

CRclioRogogello

B | s ] B

® OO0 O®

D R
From symmetry, B at Pand R should be same. Using Ampere’s law,
L

[ B di= pgi = po(kL—KL)
0

BL=0b B=0 henceatPand R, B=0
Now, let us apply Ampere’s law between Q and R.

L
Here, IE .dl = pokL
0

=>BL+0xL=pekL (- BiszeroatR)
=>B=pgk towardsright.
22. The upper limiting value of current to be measured is to be increased

by a factor

n=29% 200
5A

.. Resistance of the shunt required will be

s-9 -2 o190
n-1 200-1

Hence, a shunt of resistance 0.1 should be connected in parallel
across the galvanometer coil.

23, Ny=50,R;=10Q,N, =500, R, = 6000

V = 25V,91 :92 = ?
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E
L, ¢ 0,= (i)
N,BA 2 R,+r

From egs. (i) and (ii),

Ny 8 _Rpr O _Ry+r N,
N, 6, Rj+r @ 0, R;+rN,

_600+50 50 _ 650
10+50 500  60x10

24. Here, number of dipolesn=2 x 1024
Dipole moment of each dipole, M'=1.5 x 1023 JT-!
Total dipole moment of sample
=nxM =2x10%x1.5x1023=30

As saturation achieved is 15%, therefore, effective dipole moment

=13:12.

M, —%X30=4,5 JT71;B;=0.84T, T,;=42K

M,=? B,=0.98T,T,=2.8K.

. ., (O | CH
According to Curie’s law, Xy = T = Fm or I, = T

As [, M and HcB

CB My By T
T M B T,

_ B2T1M1 _ 098)(42 x4.5
T2B1 28)(084

or M, ,M,=7.875JT1.

25. Given: (=1m,B=5 x 10~3 Wh/m?

f—@—% tations/
0 rotations/sec

In one rotation, the moving rod of the metal traces a circle of radius
r=/(

GP_3166
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2

26.

27.

28.

29.

*. Area swept in one rotation = r
do d dA  Bmr?
—~ =—(BA)=B— = = 2
a =~ a A =B == =B
=(5x102)x3.14x30x1=0471V
. e.m.f induced in ametalrod=0.471V
Applying Lenz’s law

Fig. (1) alonga—b

Fig. (2) alongb—a

Fig.(3) alongc—>a

Fig. (4) alonga—b

Fig. (5) no induced current since field lines lie in the plane of the
loop.

Assuming no loss of power, E L =E]I (Law of transformer)

SEsL 466> —01a
P E 230

p

I

Given:
Self inductance, L = 5 mH =5 x 10° H
Change in current, dl = (1 -4) =-3 A
Change in time, df = 30 ms =30 x 107 s
The emf induced in the coil is given by
. _,_(5x107)x(3)

e= -L— =
dt 30x1073

=>e=05V
Here I—LI =0.051I
T30 0P

Using 1=1,cos?0, weget 0.051, =1, cos* 0

= ¢c0s20=0.05 or cosd=+0.05=02236

. 0=cos ' (0.2236) = 76°9’



372 PHYSICS

30.

31.

32.

The critical angle for this case is

.14
I —sin!2

1.25

0'"=sin" or sin 9"=%

Since 0" = g-e' , we have sin@'=cos0" =%
From Snell's law,

SN0 _ ;95 or sin®=1.25xsin 6'= 1.25%:%

sin ©'

or O=sin"! %
If 0" is greater than the critical angle, 8 will be smaller than this
value. Thus, the maximum value of 0’ for which total internal
reflection takes place at the vertical surface is sin~! (3/4).

SinC = SinC [For critical angle]

.| 1
C=sin l(lz—u] (l)

Applying Snell’s law at P, we get

sint’  sin(90-r
12H= — = (. ) [i=rr'+1r =90°]
sini sinr
12u _ C‘?“ .. (1)
sinr
From (i) and (ii)
C=sin!(tanr)
Here 6=060°,

Using Malus law I = [ cos? 6, we get
o2 =Ly, [ cos60° =2
[=1,(cos60°) =ZIO .+ €os60° = >

1
.. Intensity of transmitted light = ris 100 = 25%

Thus, the intensity of the transmitted light is 25% of the intensity of
incident light.

GP_3166
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33. When the reflected and refracted rays are at right angle to each other,
the angle of incident is known as angle of polarisation (ip).

Here, 0=60°, Using Brewester's law p=tan ip, we get
p=tan60° = /3 =1.732
34. According to law of Malus, 1''=1'cos?0

I 2
"= 20 cos?(60°) = I_O(l) -k
2 22) 7%

I
Therefore, a light of intensity go will pass through P, and the angle

between P, and P, will be 30° because of the condition given in the
questions.

Intensity of light after falling on P,,

=1 cosz(e)

- D309 = o
8 32

35. According to Einstein's photoelectric equation, e = (hv—hvy )

(1 1)
CV=hCLX—%J (1)
ev_ (1 1)
3 =[5, » Q)

=
L A
Dividing eq. (1) byeq. (2), we get 3 = 1—

2 Ao

IJ
[1 1) 11 [27” ko
or 3

31 3 1 1 2
— or
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36. Brewster angle: It is related to refractive index as p=tani_

i =tan”' p=tan™' 1.5=56.3°
37. Energy ofelectron in nth orbit of hydrogen atom

By -1y
n?
Forn=1, = E;=-13.6eV

13.6
Forn=2, = E2=—T=—3.4eV

Energy of photon released =E, —E,

=(-3.4)-(-13.6)
=102eV=hv
Also, KE =8¢V
According to Einstein photoelectric equation
KE . =hv—¢
8eV=102eV-¢
Work function (¢)=2.2 eV
We know, work function
hc
W =hvy=—
_—"

ao=te 6.634x107* x3x10°
W 22x16x107"°

=564.5nm

38. E =13.6/n?
E;=—13.9/9)=-151eV
and E,=—(13.6/16)=-0.85eV
Now E,—E;=-0.85—-(-1.51)=0.66eV
39. According to radioactive decay law,
dN,
dt

MY 5Ny =2,(Ng/2)

dt
( ) (dNY)_ M _oTh 2 1
dt 27\.2 2T1 2x1 1

_0 693j

=MNx =2(Ng/4) (- N=N,/2") and

GP_3166
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40. According to Avogadro’s hypothesis,

41.

_6.02x10%
226

Halflife, T = @ =1620years

Ny =266x102!

B 0.6931
1620x3.16x107
Because halflife is very much large as compared to its time interval,
hence N ~ N,

dN
T AN =2AN, or dN=2AN,dt (Radioactive decay law)

=1.35x10711s71

dN = (1.35x10711) (2.66x1021)(1) =3.61x10'°.

Photon is emitted when electron transits from higher energy state to
lower energy state, the difference of energy of the state appear in
form of energy of photon. According to Bohr's theory of hydrogen
atom, energy of photon released, £, — E| = hv

Given, E,;=-151¢eV
E,=-085eV
AE=E,-E,
=-0.85-(-1.51)=1.51-0.85
AE=E,—E, =0.66eV

So, the wavelength of emitted spectral line,

ag="e
p

4o e _ 6634x107 x3x10°

=188x10°m
AE  066x1.6x107"°

A=188x10%m

Ashere,A=188x10%m ~18751x10"°m =18751 A

The wavelength belongs to Paschen series of hydrogen spectrum.
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42. Lett be the required time after which the undecayed fraction of
the material will be 6.25%.

6251 Mo
100 16 °° T 16
But N= N 1y where n=—+
Ul = Mol ere 1=
Ny 1Y
_=N — =
= 16 0(2) = n=4

Time’ t=nxT
= =4 x 100 = 400 days

oono

GP_3166
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SAMPLE PAPER-1

Time : 3 Hrs. Max. Marks : 70

GENERALINSTRUCTIONS

1. All questions are compulsory.

2. There are 26 questions in total. Q. no. 1 to 5 carry 1 mark each,
Q. 6to 10 carry 2 marks each, Q. 11 to 22 carry 3 marks each, Q. 23
isa value based question carry 4 marks, Qs. 24 to 26 carry 5 marks
each.

3. There is no overall choice. However, an internal choice has been
provided in one question of two marks, one question of three marks
and all three questions of five marks each. You have to attempt
only one of the given choices in such questions.

4. Use of calculator is not allowed.

5. You may use the following physical constants wherever necessary:
c=3x108ms™!, h=6.6 x10734Js, e=1.6 x 1071°C,
po="4mx 107 Tm A~1.

Boltzmann constant k = 1.38 x 1023 JK~!, Avogadro's number
N, =6.023 x 1023 /mole,
Mass of neutron m_ = 1.6 x 10727 kg

SECTION-A

1. Consider the circuit shown here where APB and AQB are semi
circles. What will be the magnetic field at the centre C ofthe circular
loop?

P

LA B

Q

2. The magnetic flux threading a coil changes from 12 x 1073 Wb to
6 x 103 Wbin 0.01 s. Calculate the induced e.m.f
3. What is the cause of displacement current?
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4.

5.

10.

Ifthe frequency of incident light is double, what will be the k.E. of
the electrons emitted?

Which property of a p—n junction is used in rectification of a.c.
voltages?

SECTION-B

The potentials of two charged conductors are V, and V, and their
capacitances are C, and C, respectively. When these are connected
by a wire, the changes in their potentials are AV, and AV, respectively.
Provethat AV, /AV,=C,/C,.

If the temperature of a good conductor increases, how does the
relaxation time of electrons in the conductor change ?

The velocity of light in air is 3 x 103 ms~! and in a liquid is 2.5 x108
ms~!. Ifthe ray of light passes from liquid to air, calculate the value
ofcritical angle.

Define the terms magnetic declination and dip angle. Value of dip at
a place in South India is 18°. Will it be more or less as that of the
value in England ?

In only one of the circuits given below the lamp L lights. Which
circuit is it ? Give reason for your answer.

(2) (b)

OR
You are given the two circuits as shown in Fig. Show that circuit (a)
acts as OR gate while the circuit (b) acts as AND gate.

(@
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11.

12.

13.

14.

15.

16.
17.

18.

A O—D
Be—>
(b)
SECTION-C
Using kirchhoff’s laws in the given electrical network, calculate the

values of I}, 1, and [;.
A B C

1,435Q 2Q§LI3 30241,

]’ 12V ‘[
F E D
A pure inductor is connected across an a.c. source. Show
mathematically that the current in it lags behind the applied emfby
a phase angle of 7/2. What is its inductive reactance? Draw a
graph showing the variation of inductive reactance with the
frequency of the a.c. source.
A converging lens A of focal length 10 cm is separated by 4 cm
from a diverging lens B of focal length 15 cm. A parallel beam of
light falls on A, emerges from B and is focussed at a point I. Find
the position of I.
Obtain an expression for the kinetic energy of the electron in the
Bohr model of hydrogen atom (Z = 1). Start from equating the
electrostatic force with the centripetal force required and then use
the quantisation condition for angular momentum.
Obtain a relation for law of radioactive decay.
OR

Obtain Bohr’s quantisation condition of angular momentum on the
basis of wave nature of electron.
Compare n-type and p-type semiconductors.
What is role of sky wave propagation in transmission of high
frequency signals ? Explain.
Draw the ray diagram showing the formation of image of an object
by the compound microscope.
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19.

20.

21.

22,

23.

24.

A plate of mass 10 g is in equilibrium in air due to the force exerted
by a light beam on the plate. Calculate power of the beam. Assume
plate is perfectly absorbing.

17

Explain with a circuit diagram how the internal resistance of a cell
can be measured by a potentiometer ?

A convex lens of focal length 20 cm and a concave lens of focal
length 5 cm are kept along the same axis with a separation ‘d’
between them. what is the value of d, if a parallel beam of light
incident on convex lens, leaves the concave lens as a parallel beam?
Showhow OR gate is realised from NAND gate.

SECTION-D

Ramu was working with his son in his field. There was a big high

tension tower. His son asked his father why not they remove high

tension tower from their field so that they may get more space for

crops. Ramu explained the necessity of high tension tower in their

life and said that it is very high voltage ac transmission line.

(1) What values are displayed by Ramu?

(i) Why long distance ac transmission is done at very high
voltage?

(i) Name the device used for the transmission and distribution of
electrical energy over long distances.

(iv) Write the principle on which transformer works.

SECTION-E

Using Gauss’ theorem, derive an expression for the electric field
intensity due to an infinitely long, straight wire of linear charge
density A C/m.

X and Y are two parallel plate capacitors having the same area of
plates and same separation between the plates. X has air between
the plates and Y contains a dielectric medium ofg = 5.

L |
\ |

X Y

p—

— O+
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25.

26.

(i) Calculatethe potential difference between the plates of X and Y.

(i) What is the ratio of electrostatic energy stored in X and Y ?
OR

A hollow charged conductor has a tiny hole cut into its surface.

Show that the electric field in the hole is (6/2¢) fi, where fi is
the unit vector in the outward normal direction, and ¢ is the surface
charge density near the hole.

An electric dipole of length 10 cm having charges + 6 x 1073 C,
placed at 30° with respect to a uniform electric field, experiences a

torque of magnitude 6+/3 Nm. Calculate the magnitude of the
electric field.
Explain with the help of a labelled diagram and underlying principle,
construction and working of a cyclotron.

OR
What is the force acting on a moving charge in a magnetic field?
Discuss the cases when the force is maximum and minimum and
define the unit of magnetic field B?
A short conductor of length 5 cm is placed parallel to a long
conductor of length 1.5 m near its centre. The conductors carry
currents 4 A and 3A respectively in the same direction. What is the
total force experienced by the long conductor when they are 3 cm
apart?
Derive the relation,

Mo B H2—Hy
@ v u R
(b) A small object is placed at distance of 40 cm from a convex
spherical refracting surface of radius of curvature 15 cm. Ifthe
surface separates air from glass of refractive index 1.5, find
the position of the image.
OR
(a) Derive the lens maker’s formula.
(b) Theradii of curvature ofthe faces of a double convex lens are
10cmand 15m. It’s focal length is 12cm. What is the refractive
index of glass?

where symbols have their usual meanings.
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Time : 3 Hrs. Max. Marks : 70

1.
2%

GENERALINSTRUCTIONS
All questions are compulsory.
There are 26 questions in total. Q. no. 1 to § carry 1 mark each,
Q. 6 to 10 carry 2 marks each, Q. 11 to 22 carry 3 marks each, Q. 23
is a value based question carry 4 marks, Qs. 24 to 26 carry 5 marks
each.
There is no overall choice. However, an internal choice has been
provided in one question of two marks, one question of three marks
and all three questions of five marks each. You have to attempt
only one of the given choices in such questions.

4. Use of calculator is not allowed.

5. You may use the following physical constants wherever necessary:

c=3x108ms™, h=6.6x1034Js, e=1.6x10717C,

Hy=4mx 1077 Tm A-L.

Boltzmann constant k = 1.38 x 1023 JK~!, Avogadro's number
N, =6.023 x 10?3 /mole,

Mass of neutron m_ = 1.6 x 10727 kg

SECTION-A

Why is a voltmeter always connected in parallel with a circuit
element across which voltage is to be measured?

The electric current in the direction from B to A is decreasing. What
is the direction of induced current in the metallic loop kept above
the wire as shown in the figure.

O

A N B
What factor determines the height of receiving antenna in space
waves?
What is the value of power radiated by an antenna?
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5.

11.

12.

13.
14.
15.

How does the refracted ray travel inside the prism at the minimum
deviation position?

SECTION-B

Two point electric charges of unknown magnitude and sign are

placed at a distance ‘d’ apart. The electric field intensity is zeroat a

point, not between the charges but on the line joining them. Write

two essential conditions for this to happen.

Does the same phenomenon responsible for the colours of a soap

bubble seen in sun light and the colours emerging from a prism?

OR

Give two points of difference between interference and diffraction.
Ifthe frequency of incident light on a metal surface is doubled, will
the K.E. of electrons be doubled?
What is depletion region? Explain how barrier is created in this region?
Two metals A and B have work function 2eV and 6eV respectively
which of these will emit radiation when irradiated by light of
wavelength 400 nm?

SECTION-C

(1)  V-Igraph for parallel and series combination of two metallic
resistors are as shown in the figure. Which graph shows
parallel combination? Justify your answer.

B

vl

[—

(i) A carbon resistor of 74 k) is to be marked with rings of
different colours for its identification. Write the sequence of
colours.

What is an equipotential surface? Show that the electric field is
always directed perpendicular to an equipotential surface.

How will you convert a galvanometer into a voltmeter?

Describe briefly emission and absorption spectra.

Derive from Biot - Savart’s law, the magnetic field at a point on the
axis of a circular coil carrying current.
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16.

17.

18.

19.

20.
21.

22,
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Give two characteristics of electromagnetic waves. Write the
expression for velocity of electromagnetic waves in terms of
permittivity and permeability of the medium.
A'T.V. transmission tower at a particular station has a height of 160
m
(a) What is coverage range
(b) Howmuch population is covered by transmission, if the aver-
age population, density around the tower is 1200km ™22
(c) By how much the height of the tower be increased to double
its coverage range?
Rearih = 6400 km
OR
Ifthe maximum values of signal and carrier waves are 4 volt and 5
volt respectively then find (i) the maximum and minimum value of
the modulated amplitude in volts (ii) the percentage of modulation.
Define the electric field at the point P due to the system of three
point charges, shown.

q
oA

2

»B
—-q

ry

~
L SR

r>>]

Derive an expression for the current obtained for n cells connected
in series. Hence derive the condition for maximum current.

Derive the relation, § = (n), —1) A.

A plane wave front is incident on
(i) aprism (i) aconvexlens.
Draw the emergent wavefront in each case.
(1 What is meant by half-life of a radioactive element?
(i) The half-life of a radioactive substance is 30 s. Calculate
(a) the decay constant and
(b) time taken for the sample to decay by 3/4th of the initial
value.
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23.

24.

25.

26.

SECTION-D

Bharat was performing an experiment to carry out a project, for that
he required an ammeter of range 7.5 A. It was not available in the
laboratory and in the market. So, he decided to convert a
galvanometer of resistance 12 Q and showing full scale deflection
current of 2.5 mA into an ammeter of given range.

(1) What values do you think are there in Bharat?

(i) How could he do that? Explain by showing calculations.

SECTION-E

Derive an expression for (i) induced e.m.fand (ii) induced current
when a conductor of length / is moved with a uniform velocity v,
normal to a uniform magnetic field B. Assume the resistance of
conductor to be R.
OR
Describe briefly the principle, construction and working of a
transformer. Why is its core laminated?
Discuss how transistor when given a feedback in the amplifier
works as an oscillator.
OR
(i) Draw the circuit for studying the input and output
characteristics of a transistor in CE configuration. Show, how
from the output characteristics, the information the current
amplification factor (B 5 ) can be obtained?
(i) Drawa plot of the transfer characteristics (V, versus V;) fora
base biased transistor in CE configuration. Show for which
regions in the plot, the transistor can operate as a switch?

sin M

Drive the prism formula, nj = 2

Sin —
2

Draw the graph showing the variation of the angle of deviation
with angle of incidence, through a prism.
OR

(i) Why convex mirror is used to see the traffic at back while
driving a car?

(i) How will you explain twinkling of stars?

(iii) What is Rayleigh’s law of scattering?

(iv) How are the rainbows formed?

(v) Does a beam of white light give a spectrum on passing through
ahollow prism?



SAMPLE PAPER-3

Time : 3 Hrs. Max. Marks : 70

GENERALINSTRUCTIONS

. All questions are compulsory.

. There are 26 questions in total. Q. no. 1 to 5 carry 1 mark each,
Q. 6 to 10 carry 2 marks each, Q. 11 to 22 carry 3 marks each, Q. 23
is a value based question carry 4 marks, Qs. 24 to 26 carry 5 marks
each.

. There is no overall choice. However, an internal choice has been
provided in one question of two marks, one question of three marks
and all three questions of five marks each. You have to attempt
only one of the given choices in such questions.

4. Use of calculator is not allowed.
5. Youmay use the following physical constants wherever necessary:

c=3x108ms™, h=6.6x1034Js, e=1.6x 10719C,

to="4mx 107 Tm A~L,

Boltzmann constant k = 1.38 x 1023 JK~!, Avogadro's number
N, =6.023 x 10?3 /mole,

Mass of neutron m_ = 1.6 x 10727 kg

SECTION-A

What is expression for A of an €~ moving under potential difference
of 1V?

What is the work done in moving a charge of 50 nC between two
points on an equipotential surface?

For long distance radio broadcast, we use short wave band only,
why?

Why is slight shaking of a picture of a T. V. screen noticed when a
low flying aircraft passes overhead?

State the condition in which terminal voltage across a secondary
cell is equal to itse.m.f

GP_3166
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10.

11.

12.

SECTION-B

A metallic solid sphere is placed in a uniform electric field as shown
in figure. Which path is followed by the lines of force?

What do you mean by chromatic aberration? How can it be re-
moved?

OR
The size of the slit is increased three times in a single slit experiment;
what changes are observed in (i) the intensity (ii) the width of the
central maxima?
A choke coil and a bulb are connected in series to an a.c source.
The bulb shines brightly. How does the brightness change when
an iron core is inserted in the choke coil?

Calculate the potential at the centre of a square ABCD of side 2
m each due to charges 2, — 2, — 3 and 6 uC at 4 corner of it.
Describe the application of junction diode as a half wave rectifier.

SECTION-C

Twocells ofe.m fE, and E, (E, > E,) are connected as shown in the
figure.

When a potentiometer is connected between A and B, the balancing
length of the potentionmeter wire is 300 cm. On connecting the
same potentiometer between A and C, the balancing length is 100
cm. Calculate the ratio of E| and E,.

The work function of a sample is 1.8 V. Light of A = 5000 A falls on
it. Calculate

(i) threshold frequency

(i) maximum kinetic energy of emitted electrons

(i) maximum velocity of emitted &
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13.

14.

15.

16.

17.
18.

19.

(iv) ifintensity of the incident light be doubled then what will be
the maximum kinetic energy of emitted electrons?

(a) Atoroidal solenoid with an air core has an average radius of 15
cm, area of cross section 12 cm? and 1200 turns. Obtain the self
inductance of toroid. Ignore field variation across the cross-
section of the toroid.

(b) A second coil of 300 turns is wound closely on the above
toroid. If the current in the primary coil is increased from 0 to
2 A in 0.05s, obtain the induced emf'in the second coil.

In double slit experiment SS, is greater than SS, by 0.25 2, . Calculate

the path difference between two interfering beam from S, and S,

for maxima and minima on the point P as shown in figure.

P

S,

On giving energy to H-atom, transition occurs from energy level n
=1ton=4. Ifthe ionisation potential of hydrogen is 13.6 V. Find (i)
energy absorbed in transition, (ii) the wavelength of emitted radiation
ifthe atom comes back to its initial state.

. . . .. 107
Obtain approximately the ratio of nuclear radii of 13; Au and 4 Ag.

What is the approx ratio of their nuclear densities?

What are the probable causes of the earth’s magnetism?

A parallel plate capacitor with air between its plates having plate
area of6 x 10~3 m? and separation between them 3 mm is connected
toa 100 V supply. Explain what would happen when a 3 mm thick
mica sheet of dielectric constant 6 is inserted between the plates
(a) while voltage supply remains constant and (b) while voltage
supply is disconnected.

Why modulation is necessary? What factors prevent efficient trans-
mission of signals? How can we over come these’?

GP_3166
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20.

21.

22,

23.

24.

Explain the principle and working of a potentiometer. How will you
find the value of e. m.fof a cell using a potentiometer?
OR

Define resistivity of material. State its S. I units and discuss its
variation with temperature in case of (i) metals (ii) semiconductors
and (iii) insulators.
A parallel plate capacitor made of circular plates each of radius R=
6 cm has a capacitor C = 100 pF. The capacitor is connected to a
source of A.C. supply of r.m.s. voltage 230 V with an angular
frequency of 300 rad/s.
(@ What is the r.m.s. value of the conduction current?
(b) Isthe conduction current equal to the displacement current?
(¢) Determine the magnitude of magnetic field intensity B at a

point 3cm from the axis between the plates.
Describe the motion of a charged particle in a uniform magnetic
field. Obtain an expression for the radius of the path of the charged
particle moving perpendicular to uniform magnetic field.

SECTION-D

Ramu and somu were going to their friend's house by walk. It was

a sunny day in the afternoon. It was very hot. Ramu was finding it

very difficult to see around him. He had to strain his eyes to see.

Suddenly, Somu took his cooling glasses from his pocket and asked

him to wear them and later, Ramu slowly managed to see. Somu

advised Ramu on the necessity of wearing sun glasses during

summer season.

(1)  What are the values shown by Somu?

(i) Name the phenomenon based on which cooling glasses reduce
the glare.

(i) What is the resultant intensity of light if both polariser and
analyser are rotated through same angle?

SECTION-E

What is induced e.m.f? Write Faraday’s law of electromagnetic
induction. Explain it mathematically. A conducting rod oflength I’
with one end pivoted, is rotated with a uniform angular speed ‘@’ in
avertical plane, normal to a uniform magnetic field ‘B’. Deduce an
expression for the emfinduced in this rod.
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25.

26.

OR

Calculate an expression for the average power consumed in an
LCR circuit over a complete time period. Hence define the power

factor.

(i) Howisp—n junction formed ? Explain.

(i) Describe full wave rectification by diode.

(iif) Discuss how AND gate is realised from NAND gate.

OR

(1) Explain how reverse current suddenly increases at breakdown
voltages?

(i) A p-njunction when FB has a drop of 0.6 V which is assumed
to be independent of current. The current in excess of 10 mA
through the diode produces a large Joule’s heating effect which
burns the diode. If we want to use 1.5 V battery to F.B the
diode, what should be the value of resistor used in series with
the diode so that the maximum current doesn’t exceed 6 mA?

(1) What is the effect on the interference fringes to a Young's
doubles slit experiment when
(a) the separation between the two slits is decreased?
(b) the width of the source and slit is increased?

(c) the monochromatic source is replaced by a source of
white light? Justify your answer in each case.

(i) The intensity at the central maxima in Young's double slit
experimental setup is . Show that the intensity at a point,
where the path difference is A/3, is [ /4.

OR
(i) What are polaroids? Write their uses.
(i) A plane wave front is incident on

(a) aprism (b) aconvex lens.
Draw the emergent wavefront in each case.

GP_3166



HINTS & SOLUTIONS

SAMPLE PAPER-1
SECTION-A

Total magnetic field at the centre of the loop will be zero because
direction of magnetic field due to semicircle APB and semicircle
AQB are opposite and magnitude isequal.  (Y2mark + 2 mark)
Here, ¢, =12 x 1073 Wb; ¢,=6 x 1073 Wb

anddt=0.01s

Now, e=— 4 (/2mark)
> dt 2
6x1073-12x107> _ 6x107
= — = = 1 k
0.01 001 06V (amark)
The charging electric field between the plates of a capacitor
causes displacement current. (1 mark)
K E. will be more than doubled (1 mark)
The forward bias resistance is low as compared to reverse bias
resistance. This property is used in rectification. (1 mark)
SECTION-B

Total charge before connecting is (C,V, +C, V,). On connecting,
the conductor will be at equal potentials; so that the potential of
one will increase and that of the other will decrease. The total
chargeisnow C, (V,+AV,)+C,(V,—AV,). This must be same as
the total charge before connecting. (1 mark)
Hence

C,[V,+AV,]+C, [V,-AV,]=C,V,+C,V,
= ClVl +C1AV1 +C2V2 - C2AV2 = ClVl +C2V2

= E - C_l (1 mark)
\" m/{

R=—= - 1 mark
. ) (1 mark)
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10.

Also R increases when temperature increases, because

R =R, [1+a(T-T))] (i)

So, T is proportional to R & R is inversely proportional to t .
Thus, Tau 1/ t

So, if temperature increases, relaxation time ( t ) decreases. (1 mark)
Given:c=3x108ms"!, v=2.5x10ms",c=?

¢ 3x10®
p=—= g =12 (1 mark)

v 2.5x10

. 1 1

As, sinc=— =E=O'8333 (1 mark)
sinc =~ sin 57° .. ¢=57°
Declination (D) : It is the angle between earth’s geographic meridian
and magnetic meridian at the given place. (Y2mark)

Inclination (angle of dip) (0) : It is the angle between earth’s
magnetic field and the horizontal at the given place. Hence, it is
maximum i.e. 90° at magnetic north and south poles and minimum
1.e. zero at magnetic equator. (Y2mark)
As we go from equator to pole, angle of dip increases from zero to
90°. So, angle of dip in England will be more than in South India.

(1 mark)
In case of (a) Emitter-base is forward biased and collector -base is
reverse biased. (1mark)
Hence current will flow and bulb will light up. (1mark)
OR

(@) OutputofNOR= A+B

Outputof NOT= A+B=A+B (/2mark)

Truth table:

A B A+B A+B=Y=A+B

0 0 1 0 (Y2 mark)

0 1 0 1

1 0 0 1

1 1 0 1

.. Circuit acts as OR gate.

GP_3166
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11.

12.

(b) Output of 1st NOT gate= A

Output of 2nd NOT gate = B (/2mark)

Output of NOR gate= A+B =A.B
Truth table:

B
0
1
0
1 0 0 O

.. Circuit acts as AND gate.

SECTION-C

+B A+B=AB=Y

— < =

;—-;—-OO>

0
0 (Vs mark)
0
1

At point B, applying kirchhoff’s 1st law,
L+L=1 (D)

For the loop ABEFA, applying 2nd law, (1 mark)
Sl +21,=12

= S +2(I,+1,)=12

= 7 +20,=12 .2

For the loop BCDEB, - 31, - 21, =-6

= 3L, +2(I;+1,)=6

= 2I,+5,=6 .3 (1 mark)
Solving (2) and (3) we get
11=ﬁA,12=5A,
31 31
48 18 66
L=+, =—+—="A 1 mark
O I VR T (Hmark)

AC circuit containing only an inductor (L) : (Purely inductive circuit)
Let us consider a sinusoidally varying a.c. voltage given by

€ =g sinot (1)
As per Faraday’s laws of electromagnetic induction, induced emf
across the inductor = (— L dI/dt)

111 —

L

Iinslamaneous

€ = gySin 07

&

(Y2 mark)




sp-16 ¢ Sample Papers

13.

GP_3166

Applying Kirchhoff’s rule, (Y2mark)

o Sin® t—L£=0
dt

—=—sinnt

dI €p
d¢ L

dI=8—Osin(ot.dt
L

[ar=] %’sinmt.dt (s mark)

€0 €y .

I=-—-cosot = —sin(ot—n/2
oL 0s® oL ( )

or I=Iysin(eot—=n/2) (i) (2mark)

Equations (i) & (ii) shows that current lags behind the emf by 7/2.

Inductive reactance : It is the opposition offered by an inductor

towards the flow of A.C. through it.

It is given by (1 mark)
X, = oL (ohm)
or X, =2nvL (ohm)
Y

(Y2mark)

—

»

A

dem ‘(+u) =6em

>

A

10 cm

»
>

(+v)

(12 marks)
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In the absence of diverging lens B, the beam of light will be focussed
ata point I’ which is second principal focus of the converging lens
A. Wben the diverging lens B is in place, I’ will act as a virtual point
object for B and a final real point image I will be formed. Applying
the lens formula for B, we have

——— =l = (1% marks)

[
= v 6 15 —>v=+10Ucm

i.e., the final point image I is at the distance 10 cm from B.
14.  Given that F, (electrostatic force) is equal to centripetal force.
mv? 1 e?

T in o, r_2 (D (Y2mark)

=

as q;=qy,=eandZ=1

nh
and mvr = D= (assumption of Bohr’s model quantisation

condition) .(2) (Y2mark)
From equation (1),

2 1 5
mvrT= (5
e NE)

Dividing (3) by (2),

4ney, nh

v

e2
V=
2€0nh

Kinetic energy,

(1 mark)

K =lmv2

2
1 e2
=—m
2 2y nh

me4

" 8e2 n’h? (1 mark)
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15.

IfN =no. of nuclei in the sample

AN = no. of nuclei undergoing decay in time At then, the no. of
nuclei undergoing decay per unit time is proportional to total no. of
nuclei in the sample.

v N = -~ AN : A =decay or disintegration const.

(1 mark)
Since, no. of nuclei decreases with time,
dN=-AN in time At,

Rate of change N =-AN (1 mark)

dt

= —N=—Mt
N

N .
— =—15S—-V¢
At—0 At dt

N t
Integrating from limit N, toN, J' dN =2 J‘ dt
N
No to
= InN-InN,=-A(t-t))
Put, t,= 0 (initial time)

= In Nl=—7»t = N£=e‘“ = N=Njpe™ (1 mark)

0 0
This is radioactive decay law.

OR

Whben an electron of mass m is confined to move on a line of length
I with velocity v, the de-Broglie wavelength A associated with

electronis A = L = h where p=linear momentum. (1 mark)

mv p
h h nh 1
= Py om 2 (emark)

(From vibration of a string, the A of stationary wave produced in a
string of length / confined at both ends is given by
A =2Il/n). Wben electron revolves in a circular orbit of radius ‘r’
then 2/=2mr. (Y2mark)
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16.

17.

18.

nh nh .
p=— orp xr= — or angular momentum ‘L‘ =pxris

27r 2n
integral multiple ofh/2n
which is Bohr’s quantisation of angular momentum. (1 mark)
n-type semicoductor (%2 x 6 marks)

Intrinsic semiconductor is doped by

It has an extra electron from the impurity.

Dopant atom is positively charged.

Holes are majority charge carriers.

n, (no. of electron) >> n, (no. of holes)

Donar energy level is close to

p-tpye semiconductor

1. Intrinsic semiconductor is doped by trivalent petavalent
atoms e.g. As, Sbetc. atoms e.g. Al, B etc.

It has an extra hole from the impurity.

Dopant atom is negatively charged.

Electrons are majority charge carriers.

n, (no. of holes) >> n, (no. of electron)

Acceptor level is close to valence band. conduction band.
The electromagnetic waves of frequency up to 30 MHz get reflected
by the ionosphere. However, when the frequency of
electromagnetic waves is above 40 MHz, they are no longer reflected
by the ionosphere but undergo refraction. (1 mark)
Therefore, high frequency signals (in the frequency range from a
few MHz to 30 MHz) are transmitted via reflection from the
ionosphere. It is called sky wave propagation. (1 mark)
Whbereas the transmission of signal by surface wave propagation
is limited to a distance of 100 km or so, sky wave propagation
enables to transmit the signal practically all over the surface ofthe
earth. (1 mark)
Ray diagram of compound microscope :

NN AW~

LW

iU >

A .
WS, w || Eyepice
XAV

£2

B"

(3 marks)

N
8
-
oLl
e
v

A" ““"
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19.

20.

For equilibrium, force exerted by the light beam should balance the
weight of plate.

Fphoton =mg (1 mark)
4 P
Fohoton = —= where power P=I4 (1 mark)
= 2 10x1073x10
C
=> P=3x10'W (1 mark)

When the key k; is off, the cell of e.m.fE is in open circuit.

I—(Ay W‘—bk)——

(1 mark)

A 1B

Let the null point in that case be Jand AJ = (;
E=k£1

When the key is closed, the new null pointisatJ’and letAJ’= (,
Then the potential difference between two poles of the cell =V =

ke,
E 4

—_—=— 1 mark

Vo1, ( )

Internal resistance of the cell

=r=(£—1)R:> r= b R (1 mark)
\" £

knowing R and measuring ¢; and £, , r can be calculated.
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21. (1 mark)

d

5‘ 20 cm >

As the parallel beam oflight is incident on convex lens, u = -,

f=20cm

1t 1 1. 1t _ 1

v u f v —o 20

:l—i v =20cm (1 mark)
v 20

In the absence of concave lens, the image would have been
formed at a distance of 20 cm. This image acts as an object for
concave lens which, formes its image at infinity.

~. d=distance between the convex lens and concave lens

. virtual object distance for concave lens = (20 —d) cm.
v=o,f=-5m.

1 1.1 1 1 1

As, ———= S—— =
v u f o (20-d) -5
=(20-d) =5=20-5=d (1 mark)
s d=15cm
22. Truth table
A B A B Y (12 marks)
0 0 1 1 0
0 1 1 0 1
1 0 O 1 1
1 1 0 0 1
r—{|
(12 marks)
pe—{ |
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SECTION-D

23. (i) Social awareness, knowledgeable, understanding (1 mark)
(i) Tominimize power loss due to generation of heat. (1 mark)

(iii) Transformer (1 mark)
(iv) Transformer works on the principle of mutual induction.
(1 mark)
SECTION-E

24,  Electric field due to an infinity long straight wire : Consider an
infinitely long line charge having linear charge density A. To
determine its electric field at distance r, consider a cylindrical
Gaussian surface of radius r and length 1 coaxial with the charge.
By symmetry, the electric field E has same magnitude at each point
of the curved surface S, and is directed radially outward.

4\ ds, /rl?

(_,[é\ ds,
+++++++++++++4 E+
(1mark)
) v

Total flux through the cylindrical surface,
cﬁE.d? = @Ed?ﬁ @ Eds, + cﬁ Eds;

S ) 83
= qs Eds;.cos0°+ CJS Eds,.cos90° + CJS Eds;.cos90°
S S2 83
= Ejdsl=Ex2nrl (1 mark)

As A is the charge per unit length and / is the length of the wire, so
charge enclosed, q=A/
By Gauss’s Theorem,

Eds =L
S €0
Ex2n rl=£
€9
or E= A (1 mark)

2mggr
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(i) LetV bethep.d.across X. Then p.d. across Y will be V/5.

. V+%=12 volt = %:12 volt

or V=10 volt
P.D. across X = 10 volt
P.D. across Y=10/5=2 volt. (1 mark)
1
Energy storedin X _ o _100 _
Energy stored in Y % 5C(2)> 20

C(10)?
5:1

(i)

[ E= %Cvz] (1 mark)

OR
E, = field at A & B (which are 2 points just out-side & within
the cavity as shown) due to the entire shell except that material
which originally was there at the place of the cavity.
E, = field at A & B because of that material which were there
originally in place of cavity.

(1 mark)

If there were no cavity, the total field at point A would be

[
= — 1€ E1+E2 =£ (1)
) )

And at point B would be zero (because inside a charged
conductor electric field is always zero)

ie. E, -E,=0 ..(2)
. E, =E, (1 mark)
By putting it in (1), we get

E =S

280
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25.

The direction will be radially outward because of symmetry.

(1 mark)

Given: Dipole length, 2a= 10 cm
Torque T= 6~/3 Nm

q=6x103C. (1 mark)
We have 1= pE sin § =2aq E sin 0.
N _ T. _ 63

2aqsin®  10x1072 x6x107> xsin 30°
= 2/3x10*N/C. (1 mark)

Principle: A positively charged particle is subjected to two
perpendicular electric and magnetic fields. It is accelerated and
hence gains energy due to the oscillating electric field by crossing
the field again and again, whereas due to the magnetic field it travels

in a circular path. (1 mark)
Construction:
N (1 mark)
— Magnet
HF.
Oscillator

Dees

| 5 |

() D, and D, are two hollow, ‘D’ shaped, evacuated, metal
chambers called Dees.

(i) H.F. oscillator produces a high potential difference of the order
of 104 volt between D, and D,.

(ii)) N, S are pole pieces of a strong electromagnet which produces
astrong magnetic field perpendicular to the plane of the dees.

(iv) P isa source of positively charged particle.

(v) W is a window through which accelerated charged particle
will come out.

(vi) E isapairof deflecting plates which produces electric field to
take out accelerated charged particle. (1 mark)
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Theory and working: Let initially D, is at a negative potential and
D, is at positive potential. Therefore, positive ions from P will be
accelerated towards D, and in D, , there will be a field free space so
the particles will move with a constant speed v. But due to
perpendicular magnetic field of strength B, it will describe a circular

pathofradiusrinD,.
2
Bqv="""
r
(centripetal force is provided by the magnetic Lorentz force)
mv
r=—
Bq
Time to travel the semicircular path (1 mark)
T Tm
=t=— = — =constant.
v Bq

Ifthis time is equal to halfthe time of cycle of electric oscillator, so
as the particle will reach at the end of D, the polarities of D, and D,
will change and the ion will be accelerated in D,. In D, it will move
with a constant speed and will travel another semicircular path of
slightly greater radius. In this way, each time the particle will travel
in a circular path of slightly greater radius and will acquire more
energy. Finally it is taken out through the window (w) by applying
an electric field across the deflecting plates E.

2
Maximum K E. ofthe particle = %mv2 -1 m (mj

2 m
mv? Bqr
w——=Bqv>v=—n (/2mark)
r m
B2q2r2

KE. =
( )Max m

. . o . 27m
Time period of the oscillating electric field= T =2t = B_q
Cyclotron frequency = v = 1_Bgq (Y2 mark)

Y quency T 2nm :

OR

The magnitude of the force F experienced by a moving charge is

directly proportional to

(i) charge

(i) component of velocity acting perpendicular to the direction
of magnetic field. (1 mark)
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26.

(ii)) the magnetic field applied.
ie, Focq(vsin0)B.
F=KqvBsin®=qvBsin 0 (.- K=1)

Case (i) When a charged particle moving parallel to the direction

of magnetic field (i.e., 8 = 0° or 180°),

then F = qvB(sin 0°) = 0. (1 mark)

i.e., it does not experience any force.

Case (ii)) When the moving charge is along a line perpendicular
to the direction of magnetic field (i.e., 6 = 90°), it experience

maximum force.
i.e., F = qvB (sin 90°) = qvB.
Unit of magnetic field is tesla (T).

The magnetic field induction at a point is said to be 1 tesla if a
charge of 1 coulomb, moving at right angle to the magnetic field

with a velocity 1 m/s experiences a force of 1 newton.

(1 mark)
2" Part
Force on the short conductor due to magnetic field of the long
conductor = F= 20« 24l x{ (1 mark)
4t 1
-7
- %xo.osﬂmm—m (1 mark)

The force is attractive because the currents are in the same direction.
(a) Letaspherical refracting surface XY separate a rarer medium
of refractive index p, from a denser medium of refractive index ..

Suppose the surface is convex towards rarer medium side.
the pole, C be the centre of curvature of this surface.

Let Pbe

Consider a point object O lying on the principal axis of the surface,

Fig.

RARER-p4

L u

x

DENSER-L,

(1 mark)

GP_3166
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A ray of light starting from O and incident normally on the surface
XY along OP passes straight. Another ray of light incident on XY
along O4 at Zi isrefractedalong Al at Zr, bending towards the
normal CAN. The two refracted rays actually meet at 7, which is the
real image of O.

From 4, draw AM 1 OI.

Let LAOM =q, ZAIM =3

and LACM =y
As external angle of a triangle is equal to sum of internal opposite
angles. Therefore, in A IAC

r+B=vy
r=y-P
Similarly, in A OAC,i=a+y (D)
According to Snell’s law, (Y2 mark)
Hp _sini i

W sinr : (- angles are small) (2

S M= Hpr

Using (1) we get,

w(a+y)=pa(v-B)

Asangles a, B and y are small, using § =/ /r, we get

(AM AM) _ (AM AM)
M_O+M_C LAY oY/ 8 ..(3)
(1 mark)
As aperture of the spherical surface is small, M is close to P.
Therefore,

MO ~ PO, MI ~ PI, MC =~ PC

From (3),

(4 7) =2 )
Po pc) M2\ Bc TRl
M, M2 _H2—H

“ PO PIT PC
Using new cartesian sign conventions, we put

PO=—-u, Pl =+v,PC=R
B M2 H2-H

—u v R
This is the required relation.

(1 mark)



sp-30 4 Sample Papers

(b) u=-40cm;R=15cm; n;=1;n,=1.5.

We have, 22 1 _M2 T (1% marks)
vV u R

15 1 15-1

v 40 15

15 1 05

v 40 15

15 05 1 1

v 15 40 120

15 1

5 120 =>v=+180cm.
The image is formed at a distance of 180 c¢m in the direction of
incident light.

OR
(@) Consider a double convex lens. The first refracting surface
forms the image I, of the object O.

(Y2 mark)

0 B\:/D I I
«—u v—>

C
The image I, acts as a virtual object for the second surface that
forms the image at I. For the first interface ABC, (1 mark)

ng n, n,-n
T ()

OB BI; BC

For the second interface ADC gives,
oM _npmm ..
DI, DI DG, (i
For a thin lens, BI, =DI,.
Adding equation (i) and (ii) we get,
nl nl 1 1
—+—=(ny —Ny)| —+——
o8 DI (ny 1)[ BC, " DG, ) (i)
(1 mark)
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Applying sign convention,
BC,=+R,,DC,=-R,.
So equation (iii) becomes,

T fm ) L_1
f n; Rl R2

1 1 1
?=(1121 _l)[R_l_E) (1 mark)

This equation is known as lens maker’s formula.
(b) f=+12cm.
R,=+10cm.
R,=-15cm.
n,=?%n =1
1 1 1
?=(1121 —1)[R—1—R—2) (1 mark)

1 1o
ey =D
2= (M2 )(10 —15)

1
= (-D=- = n,=15 (Vs mark)

SAMPLE PAPER-2
SECTION-A

1. Voltage is measured across any two points of a conductor by a
voltmeter connected in parallel because potential difference across
parallel combination of elements remains same. (1 mark)

2. When the current in the wire BA decreases, according to Lenz’s
law, the induced current in the coil should oppose the decrease, so
current in the coil will be in clockwise direction. (1 mark)

3. Since communication is by line of sight path, direct waves are
blocked by the curvature of earth, so receiving antenna must be
placed high enough to intercept the wave. (1 mark)

4, Power radiated is proportional to ({/ }\.)2 by an antenna of length £.

(1 mark)

5. Therefracted ray is parallel to the base of the prism in the position

of minimum deviation. (1 mark)
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6.

SECTION-B
(@ The two charges are of opposite sign so that force will be
attractive in nature. (1 mark)

(b) The two charges have different magnitudes — the charge of
smaller magnitude will be nearer to the point where the total
field intensity is zero. (1 mark)

No. The colours of a soap bubbles are seen due to interference of

light. In the prism, colours appear due to dispersion of light.

(2 marks)

OR
(1) Interference arises due to the superposition of waves from
two coherent sorces. Diffraction pattern is obtained due to
waves arising from different parts of the same wavefront.
(1 mark)
(i) In intereference pattern, all the bright fringes are of the same
intensity. However, in the diffraction pattern, all bright fringes
are not of the same intensity. (1 mark)
Let E,, E, be energies for frequencies v,, v, respectively. Let,
vy =2,
If ¢, = work function of metal, then hv; =E; + ¢, and
hy, =2hv, =E, + ¢,

Divide, 2 = 22+ %0

E;+do
= 2E;+2¢,=E, + ¢,
= 2E;+¢,=E,
= K E. will become more than double if frequency is doubled.

(2 marks)

Electrons diffuse from n — p and holes diffuse from p — n side
leaving a positively charged donor atom on n—side and negatively
charged acceptor atom on p—side. This space charge region on
either side is called depletion region. (1 mark)
Near the junction this region depletes the movement of free charges.
Hence, electric field due to positive space charge on n—side and
negative space charge on p—side is created. Due to this electrons
and holes now drift in opposite direction in this field and further
extend this region. Thus a different polarity potential is developed
which prevents movement of electron from n—region to p—region,
called barrier potential and there is no net current.
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10.

11.

12.

13.

W)

l -c
=
R/
R
[ Ls

Fig (a) Diode under
equilibrium V=0

(b) Barrier potential
under no bias (I mark)

. . he 6.6x10734 x3x108
Energy of incident radiation =E=—= _r
A 400 x10

__ 66x107%x3
4x1077 x1.6x1071°

V =3.1eV

(1 mark)
For A, hv> ¢, hence it shows photoelectric effect.

For B, hv < ¢ hence it does not show photoelectric effect.

(1 mark)
SECTION-C

(1) - Rseries> R parallel and slope of V-1 graph gives R.
Here (slope)g > (slope) ,

. B denotes series combination and A denotes parallel
combination. (2 marks)
(i) 74kQ =74x103 Q. Violet, yellowand orange. (1 mark)
An equipotential surface is that at every point of which electric
potential is same. (1 mark)
Consider two points A and B on the equipotential surface.

By definition, potential difference between two points A and B =
work done in carrying a unit positive charge from A to B.

= V,—Vp=Wjyp= Ed/l
But V,=Vg .. Edr =0
= Edlcosp =0=> cosp =0 = 0 =90° . E L d¢
Electric field (E) is directed perpendicular to the equipotential
surface. (2 marks)
A galvanometer can be converted into a voltmeter by adding a
high resistance in series with it. If G be the galvanometer resitance

and R is the high resistance added in series with it then total
resistance of the voltmeter =G + R

= current through the combination = v
g G+R
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Where V is the potential difference across the combination

G+R=X R=X—G
Iy Ig

Range of the voltmeter will be 0 to V volt. (3 marks)

There are two main types of spectra

(a) Emission spectra

(b) Absorption spectra

(a) Emission spectra: When continuous light from a source is
observed in a spectrometer it is called emission spectra. It is
of three types:

(1) Continuous emission spectra
(i) Line emission spectra
(i) Band emission spectra

(i) Continuous emission spectra consists of a wide range of
unseparated wavelengths e.g.: spectra of sunlight

(ii) Line emission spectra consists of a few bright lines separated
from each other. Each line corresponds to a particular
wavelength. It is emitted by atoms in gaseous state e.g.:
mercury vapour lamp.

(iii) Band emission spectra consists of a number of bright patches
where one end of band is sharper than the other. The bright edge
is band head and faded edge is tail of the band e.g.: molecules of
oxygen, nitrogen etc.

Line absorption spectra  Band absorption spectra

Line emission
spectra

(1%2 marks)

(b) Absorption spectra: When light from a source is passed
through any transparent medium (solid, liquid or gas) and
resultant light (transmitted, is observed in spectrometer, then
certain dark regions are seen in the light corresponding to the
wavelengths absorbed by the medium. This is absorption
spectrum. It is of 3 types:

(1) continuous absorption spectra
(i) line absorption spectra
(ii)) band absorption spectra

GP_3166
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15.

When white light passes through a pure green glass slab then the
transmitted light has only green wavelength as all others are
absorbed. This is continuous absorption spectrum.

When white light passes through gases like oxygen, iodine etc. it
shows certain dark bands over a bright back ground. This is band
absorption spectra.

When white light is passed over a gas a vapour, the absorption
spectra shows dark lines over a bright background. This is line
absorption spectra. (12 marks)
Consider two small elements of coil of length d/ each, at C and D
diametrically opposite to each other.

Y (1 mark)
dB cos 64 E

dr & :
X 2
*a

D d/

dB’ cos 6
PC=PD=r
= 2, «2 and ZCPO = £ZDPO =6
Magnetic field at P due to current element d¢ at C = dB

_ ko 1d£sin90°

47 r? [6=50°1

dB="—"—="F——
dn 2 4m (a2 +x?)
Direction of dB is along PE perpendicular to CP.

Ho

Magnetic field at P due to current element d¢ at D=dB’'= an

Idlsin90° po  1d/(

r2 4 (a2 + x2)
acting along PF | DP.
Id¢
dB= dB' = M_o

An (% +x?)
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17.

Resolving dB and dB' in rectangular components,
(i) dBcosOalong PY and dB sin6 along PX

(i) dB' cosB along PY' and dB'sin® along PX

Consine components being equal and opposite will cancel each
other.

Total magnetic field at P due to current through the whole circular
coil.

poldlsin®  pglsin® J.dﬁ

B= |dBsinb = =
J. 41t(a2 + x2) 41t(a2 + x2)

[+ sin6=—2 and Idf =2ral
\la2+x2

Mol a uola’

= . 2na = —————— alongPX
41t(a2 + x2) (a2 +x2 )1/2 2(a2 +x2 )3/2
Ifthere are n number of turns of the coil,
__wonla® _pg 2nlA _pp 2M
2(a2 +x2)3/2 47t ' x3 47t. x3
[Here A= na*=area of the coil and x>>a (2 marks)

a2+ x? ~ x2, M =nlA = magnetic dipole moment of the coil]
Characteristics of electromagnetic waves:

(1) They travel in free space with the same speed equal toc =3
x 108 m/s (1 mark)
(i) Electromagnetic waves are transverse in nature.

Velocity of electromagnetic waves in any medium is given by
(1 mark)

V= —— (1 mark)

where  is the permeability and € is the permittivity of the medium

(@) Coveragerange d = \2hR =+/2x160x 6.4 x106 =45255m
=45255km (1 mark)
(b) Population covered = area covered x population density

= nd? xp =3.14x (45255)% x 1200
=7724 x105=7724lac

GP_3166



Sample Papers ¢ sp-31

18.

(c) Letnewheight of tower= h' (1 mark)
Total distance covered by it d'=2d
=+2h'R =22hR = 2h'R =4x2hR
= h'=4h
= h'=4x160 = 640m
.. Increase in height required = ' p =640— 160 =320 m(1 mark)
OR
Vi =4V, V=5V
Maximum modulated voltage =V, + V., =5+ 4=9 Volts(1 mark)
Minimum modulated voltage = V, =V, =5-4 =1Volt (1 mark)

% of modulation, 1 = ‘\',_m %100 = %x 100 =80% (1 mark)
C

The electric field E; at the point P due to point charges +q and—q

at the point A and B, respectively, forming an electric dipole, is of

magnitude

NN AN
El_[4"80)(r3j [47‘80)(9) (I mark)

and direction opposite to the electric dipole moment f) , as shown.

The electric field E; at the point P due to the point +q at the
point O is of magnitude

= [41:180 )(?_;J

and direction along OP, as shown. since the two electric fields

Ei and E, are mutually perpendicular and hence, the resultant
electric field at the point P has the magnitude.

E = E? +E} (1 mark)
(g )
L N

- L dnme,r 4megr
and direction making an 6 with OP, i.e.,

E 1!
O=tan'| =L | =t ‘(—)
an [Ez] an " (1 mark)
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n cells in series each of e m.f. E and internal resistance r.
.. Total internal resistance =nr
Total resistance of the circuit =nr + R
Effective e. m.fof the cells=nE

nE

current=1= Remr (1%2 marks)
IfR>>nr,I= nE
’ R
nE_E

IfR <<nr, = =
nr r

~. Maximum current can be drawn from a series combination if R
is very high compared tor. (12 marks)

/1 =angle of incidence

Ze =angle of emergence
& =angle of deviation

In the quadrilateral AQNR,

ZA+ ZQNR=180° (D)
In the traingle QNR

r+r,+ ZQNR=180° (i)
LItn=4LA (i)

(1%2 marks)
The angle of deviation ,
8 =(i—rp)+(e—r)=ite—(r;+1y)
L § =ite—-A (1v)
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. s sini
According to snell’s law, —— =nj,
sin

21.

22.

or,

|
i .
— =1, (since angles are small)
n
1= Iy .1y

sine € . o
Also, =ny > —=ny e = r,.n, using the equation (iv)

sin 1)
(1 mark)

d=nny;+nny; — A
=(r;+ryny; —A=Any, — A (V2 mark)
© 8 = (ny-1) —A
Refraction of a plane wave form by

)

(in)

A thin prism.

incident - l
plane wavefront (172 marks)

A convex lens

incident —»

plane wave (1%2marks)

Half-life of a radioactive element is defined as the time during
which half the number of atoms present initially in the sample
of the element decay or it is the time during which number of
atoms left undecayed in the sample is halfthe total number of
atoms present initially in the sample. It isrepresented by T .
From the equation,

N=Nge™

. Ny
Athalf-life, r=T,,, N= 3
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N, 1
—==Nye 12 — = Myp
2 0 = 2

= eMin=2)
Taking log on both sides
AT ,=log2

_log, 2 logyg2x2303 3010x2.303

Tin =7y A A
After n half-life, the number of atoms left undecayed is given by

1 n
N (3

0.6931
Ty = - (1 mark)
(i T,,=30s
@ A=?
0693
v Tp=
0.693 _ 0693 _ 0.0231s7! (1 mark)

= A=, " 30

(b) - N=N, G)n

where, n=number of half-lives
N = number of undisintegrated nuclei present

in the sample.
N, = original number of undisintegrated atom.

3 1
1" N, 1"
N-x (5] = Tl

NORC -
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23.

24.

Total time taken

But number of half-lives = Half —life
Total time taken
- 30s
Total time taken =60 s= 1 min (1 mark)
SECTION-D
(1 Quality to solve the problem by using scientific knowledge.

(1%2 marks)
(i) Toconvert a galvanometer into an ammeter of given range, he
joined a resistance of appropriate value in parallel with the
galvanometer.
Value of resistance is calculated as under

-3
1,6 =(2.5><1o )x12
-1, 75-25x107°

S=4x103=4Q (2% marks)
SECTION -E

S

When a charge q moves with velocity v in a magnetic fields of

strength B , making an angle 6, then magnetic Lorentz force,
F=qvBsin 0

x x xCx x x x x x xDx x

X X X X X X ++ X X X X X
Fe

X X X X X X X X X X X

X X X X X X X X X X X

—> vV

X X X X X X X X X X X

X X X X X X X X X X X
Fm

X X X X X X | X X X X X

If v and B are mutually perpendicular, then 6 = 90°
.. F=qvBsin 90°=qvB
F is perpendicular to both v and B . (1%2 marks)
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Let a time conducting rod PQ is placed on two parallel metallic

wires CD and MN in a magnetic field of strength B . The direction
of B is perpendicular to the plane of paper, downward represented

by (X). Let the rod is moving with velocity v , perpendicular to is

own length, towards the right. Since a metallic conductor contain
free electrons, they will move within the metal rod. Charge on each
electron=—e.

Force experienced by each electron = f = evB and will be
directed from P to Q. .. The end P of the rod becomes positively
charged and Q is negatively charged. So a potential difference is
produced across the ends of the conductor. This is the induced
emf

\%
.. Electric field produced in therod=E = —

{
It is directed from P to Q.
The force on a free electron due to this electric field
F.=¢E (1%2 marks)

The direction of this force is from Q to P opposite to the electric
field.
.. The emf produced opposes the force within electrons caused
due to Lorentz force by Lenz’s law. As the number of electrons at Q
becomes more and more, the magnitude of electric force F, goes on
increasing and at a stage F, become equal and opposite to F .
Under this condition the potential difference produced across the
ends of rod becomes constant.
In thiscase, F,=F = eE=evB = E=Bv
.. Potential difference produced, V= E/=Blv volt.

V By

.. Induced current=1= R 5 Ampere. (2 marks)

OR
Transformer is a device used to change a.c. voltage. A transformer
which increases the a.c. voltage is called step-up transformer and
which decreases a.c. voltage is called step-down transformer.
Principle: It is based on the principle of mutual induction. When
the amount of magnetic flux linked with a coil changes, an e.m.fis
induced in the neighbouring coil. (1 mark)
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Laminated Core

Construction :

1. Core: It is of rectangular shape, made up of laminated soft iron
sheets, insulated from each other.

2. PP, : Primary coil made up of copper wire. Turns are insulated
from each other.

3. §,S,: Secondary coil also made up of a copper wire of which
turns are insulated from each other.

4. R is the load resistance across which the output voltage is
taken.

For step up transformer, S;S,, has more number of turns than P, P,

and for step down transformer PP, has more number of turns than

S,S,. (1%2 marks)

Theory and Working : The primary coil P, P, is connected to an

alternating source so as current in P, P, changes, magnetic flux

linked with S, S, also changes by mutual induction and that linked

with P, P, itself also changes by self induction.

Let n_ be the number of turns in P, P,

Ep be the alternating e.m.f. in P, P, at time t.

d
d—(f be the rate of change of magnetic flux linked with each turn of
PPy
For ideal transformer, selfinduced e.m.f. in P|P, attime t=e.m.f.
feed to P, P, at time t
do _ .
:>—l'lp I _Ep (l)
Ifthere is no leakage of magnetic flux between PP, and S, S, then
d

Eg = —ng d—(tp (i)
where n is the number of turns in S, S, and Eg is the e.m fassociated
with §,S,

By dividing equation (i) with (i), E_S L

p Dp
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where k is called transformation ratio.
For step-up transformer, since Eg>Ep,
k>1 and n,>n

For step-down transformer, since Eg <Ep

k<1
S ng<ny
If I be the current in the primary coil at time t and Ig be that in the
secondary coil at time t, then
Input power = Epl, and output power = Eglq
For ideal transformer, there is no loss of power,

Output power = Input power
= Eglg=Eplp

Eg_Ep_,

Is Ip
For step-up transformer, k> 1
= Ip>lg
For step-down transformer, k<1
=~ Ig<Ip
Output power
Input power

For ideal transformer, n =1 1i.e, efficiencyis 100% (12 marks)
Laminated soft iron core is used to reduce the heat loss due to
eddy current and hence to increase its efficiency. (1 mark)
Output in an oscillator is self-sustained (However, external input is
necessary once). A positive feedback (in phase) is given by means
of inductive coupling (LC or RC). In inductive coupling, two coils
are mutually inducted by winding them on the same core. BE junction
— forward biased and BC junction — reverse biased. When switch
S, is put ON, current from collector flows through coil T, but
increases gradually from X to'Y. Due to inductive coupling between
coil T, and T, current flows in emitter circuit (feedback) and

Efficiency= n =

increases from X' to Y till saturated. Since current is not increasing
hence magnetic field around T, becomes static, hence feedback
from T, to T, stops, emitter current falls. As a result collector
current falls, magnetic field around T, decreases, T, sees the decay

and emitter current further decreases to cut off value Z' . Iy and I -
stop flowing. Transistor comes to its original state and starts again.
The time from saturation to cut off is determined by resonance

frequency v = (3 marks)

1
2n/LC
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T 1
1 Mutually inducted
2 coils
3 C (1 mark)
npn P T, Output
2
4

L

1
Tuned collector oscillator showing collector and emitter current
due to coupling.

JSVAN

Y' (1 mark)

OR
(1) Circuit is shown below

Current amplification factor (B o) is the ratio of change in collector
current (AL ) to the change is base current (Al ) at constant collector
voltagei.e.,
By AL,
AC Alb VCE = constant
Output characteristics represent the variation of I with V_, keeping
[, constant.
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1,=400 pA
1,=300 pA
I,=200 pA
1,=100 pA

I,(mA) —»

A%
V, (volt) —»

(2 marks)
From above graph at V=V, the value of collector current increases
with the increase in the base current, .

AL
Thus, Byc= AL |V

CE = constant

(i) Transfer characteristics curve, for a base-biased transistor in
CE configuration are shown below.
In cut-off region and in saturation region, transistor acts as
switch OFF an switch On respectively.
In cut-off region, as long as V; is low, it enables to forward
bias the transistor and V  is high. Transistor is not conducting
in this region. Hene, it is said to be switched OFF.

Cut-off
region

T

Active

: 1 Saturation
region i

region

\
>V,

In saturation region, V, is high enough and thus, the V  is low.
Transistor is conducting in this region and thus send to be switched
ON.

Hence, low input give high output and high input gives low output.
(2 marks)
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Consider a triangular prism ABC. The angles of incidence and
refraction at the first face AB are iand r,, while the angle of incidence
atthe second face AC isr, and the angle of emergence e. The angle
between the emergent ray and the direction of the incident ray is
called the angle of deviation, 8.

P
B

From the Quadrilateral
AQNR, ZA + ZQNR =180°
From the triangle QNR,

[ +1, + ZQNR =180°
Comparing these two equations, (2 marks)

r,+1,=A (D)
The total deviation, 8 = (i—5)+(e—1p)
ie, § =ite—A (i)

(sincer; +1,=A)
Thus the angle of deviation depends on the angle of incidence.

A graph between angle of deviation and angle of incidence is shown
below.

e of deviation (d)
—

- om (1 mark)

Angl

i=e
Angle of incidence (i) —>
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From the graph we can see that at the minimum deviation &, the
refracted ray inside the prism becomes parallel to its base.

=9 ,i=e = 1=,
equation (1) gives,

A

2r=Aorr= > ..(iii)

Also equation (ii) gives,

8y =21—-A or i=(A+2ﬁ (1)

sin [(—A +26m ﬂ
The refractive index of the prism is n,; = M — AT (V)
i sin [—]
2

(2 marks)
For a small angled prism D__ is also very small.

| [A+dy,
(]
0, My =———F =
sin[é]
2

OR
(1) The convex mirror provides a wider field of view hence it is
used to see the traffic at back. (1 mark)
(i) The phenomenon of twinkling of stars is due to atmospheric
refraction. (1 mark)

(ii) The amount of scattering of light is inversely proportional to
the fourth power of wavelength [%J . (1 mark)
A

(iv) Rainbows are formed due to the combined effect of dispersion,
refraction and reflection of sunlight by water droplets.

(1 mark)
(v) No, this is because dispersion of light connot occur through
ahollow prism which contains air. (1 mark)
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SECTION-A

1. 227 07820 (1 mark)

Jv

2, Work done to move the charge 50 nC on the equipotential surface

is zero as the potential at every point is same. (1 mark)
3. Because ionosphere reflects in this band only. (1 mark)
4, The aircraft intercepts the waves reaching the antenna so it causes
slight shaking of the picture. (1 mark)

5. Since, V= E—Ir, therefore, ifr = 0 i.e the internal resistance ofthe
cell is zero then the terminal voltage across a secondary cell is
equal to itse.m.f. (1 mark)

SECTION-B
6. When a solid conducting sphere is placed in a uniform electric field

E, free electrons move in a direction opposite to E . Electric lines
of force starts from right part (i.e., negative region) and ends on left
part (i.e., positive region). So path 4 is correct. (1+ 1 mark)
7. Because of dispersion, a lens has slightly different focal lengths
for various wavelengths of light. When an image is formed by a
lens, its edges are coloured. This defect is called chromatic
aberration.
It can be removed by a combination of converging and diverging
lenses or by using a spherical mirror. (1+ 1 mark)
OR
(1) The intensity of central maximum increases by a factor 9.
(1 mark)
(i) The width of central maximum decreases by a factor of 3.
(1 mark)
8. When an iron core is inserted in the choke coil, the brightness of
the bulb decreases. When the iron core is inserted into the choke
coil, the inductance of the coil increases. So the inductive reactance

(X, = o L) ofthecoil increases and impedance (Z =, [Rz + XL2 )

. \%
also increases. Therefore, the current I=— decreases and

consequently the bulb becomes dim. (2 marks)
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9, q V2m %
A B
90°
0
4 q
D c’

AB=BC=CD=AD= 2,

BD= (\/E)2 +(JE)2 =2m (1 mark)
r= lBD =1m
2
_k

V= r[q1+q2 +9q3+q4]

9

1

10. P, (1 mark)
Primary
Input T
a.c.
P,
Transformer

Diode rectification circuit

The diode in circuit is forward biased only when input cycle is
positive. In an a.c. signal, voltage is positive only for half cycle,
thus diode conducts current only for half cycle of the signal and
remaining it doesn’t conduct (reverse biased). The output voltage
is varying in one direction only. (1 mark)
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11.

12.

13.

SECTION-C

For the points AB, E, = k{; =k x 300 .(
For the points AC, E, —E, =k {, =k x100 ...(2) (1 mark)

BBy 1 35,-38,=F,
E, 3

= 3E,—E,=3E,
= 2E,-3E,

E, 3
> —==

E, 2
= E;:E,=3:2 (2 marks)
Takingh=6.6 x 1034Js, m=9 x 103 kg,
c=3x108m/s, ¢;=1.8eV=1.8 x 1.6x 1071°Js
A=5000 A=5000x 10"10m
(i) threshold frequency,

¢ 18x1.6x1071°
Vom T T 3
h 66x10
=v,=6.87x10"m (1 mark)
(i) maxk.E ofemitted e>
he 6.6x1073* x3x108
=__¢ =
B 00 = S 0m10-10
=3.96x101-288x1071°=1.08 x101%  (1mark)
(ii)) max velocity,

o [P _ [2x1.08x10"7
m 9x107!
1
=4.9% 105m/s (- Ignax=5mv2 (Vs mark)
(iv) The k.E of photoelectrons is independent of intensity of
incident light, hence if intensity is doubled K.E. remains same.

(Y2 mark)

~1.8x1.6x1071%

nN2A
0

(@) The self inductance ofa solenoid=L =
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For Toroid, ¢ =2nr

2
N“A
L= u"_
2nr
Here, N=1200,A=12cm?=12 x 10*m?%,r=15ecm=15 x 102m

Lo 4mx1077 x(1200)% x12x1074
- 21x0.15
=23x 103H=2.3mH (1% marks)

dI
(b) Induced emf =e=M & (numerically)
Mutual inductance of solenoid coil system
_ B NN A N NHA
0 2m
Here, N, =300, N, =1200, dI/dt=2/0.05 =40A/s

(“’ONINZA) dl
€=\~ ~_. 5.
2nr

=M

dt

4mx1077 x1200x 300x12x10~# x40
- 21x0.15
=0.023 volt. (1%2 marks)
14.  Path difference = (SS, +S,P)—(SS, +S,P)
=(8S,-S8,)+(S,P-S,P)
=0.253 +(S,P-S,P)
For maxima, path diff =n),
n) =025 +S,P-S P
o, S,P-SP=n)-0251=mn-025)x.

1
For minima, path difference = (n + 5) A
(n+%)k =0.25) +S,P-S,P

1
o, S,P-SP= (n+5) A —025

A=(2n+0.5). (3 marks)
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15.

16.

17.

Tonisation energy = 13.6 x 1.6 x 10~'9 J. The energy required to
transit from initial to final level is given by

po_ 1 2met) 1 1
(4ngg)* h? | nf nf

ny  nf
Putn,=1andn,=othenE=13.6 x 1.6 x 107"
1 21t2me4|: 1 1]

(4ngg)? h%2 12
—_—
ConstantK

s K=136%x16x101]
() Energy absorbed in transition from

1 1 15
n=1lton=4isE;=K|—-—(=—xK

’ [12 42] 16

-19
_13.6x1.6x10 ><15J

16
15

= 13.6erV =12.75¢V (2 marks)

(i) Therequired wavelength of emitted radiation is

. 6.6x10734 x3x10°
B3 12.75x1.6x107"°

=9.74 x10'm=9740 A. (1 mark)

R=R Al

R(197A 197\/3

%{ﬂ) -123 (1% marks)
R("'Ag) \107
Nuclear mass density ratio is constant = 1

p(Au) , l
= o(Ag) as it is same for all nuclei (1%2marks)

(a) Earth’s magnetic field can be due to molten charged metallic
fluid in the core of the earth. As the fluid rotates with the
rotation of the earth, a current is developed which causes
magnetism. (1 mark)
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18.

19.

(b) Since every substance is made up of charged particles like
protons and electrons, due to earth’s rotation about its axis a
circulating current is produced which can cause magnetism.

(1 mark)
(c) Inearth’s atmosphere, gases are in ionised state due to cosmic
rays. As earth rotates, an electric current is set up due to
movement of charged ions which can be the cause of
magnetism. (1 mark)
_coA _ 8.85x10712x6x1073
° d 3x1073
=17.7x10"12=17.7pF
Q=C)V=17.7x 10712x100
=17.7x10719C.

(@ C=kCy=6x17.7=1062pF. (1%2marks)

(b) After the supply is disconected
Q=177x10"10C.

C=1062 x 10712F

Q _ 17.7x1071°

C 1062x10712
=0.166 x 102=166.6 volt. (1%2 marks)

Message signals (base band) spread over a range of frequencies.

Various factors prevent direct transmission of the signal such as;

(i) Size of antenna or aerial: The size of the antenna should at
least be equal to /4 in dimension so are to detect time variation
properly . For electro magnetic waves of frequency 20 kHz,
wavelength = 15 km, such large antennas are not practically
possible. So we translate low frequency signal into high
frequency before trans mission. (ii) Effective power radiated
The power radiated by a linear antenna is (¢/A)?. This means
that long wavelength baseband signals would have less power
during transmission but we need more power, hence high
frequency (low A ) signals are better.

(i) mixing up of signals during transmission: To prevent many
signals transmitted atsame time from mixing, it is important
that a bandwidth be allotted to each signal separately which
is possible for high frequency only (low frequency signal has
limited range) (2 marks)
The above limitations suggest that if low frequency message
is translated into high frequency transmission then original

C

GP_3166



Sample Papers ¢ sp-45

20.

signal can be sent in a more effective way. Hence modulation
by means of message signal superimposed on a high frequency
carrier wave is done, This reduces antenna size, increases
power , gives a unique band width to each signal and prevents
mixing of signals. (1 mark)
Principle: The fall of potential across any portion of the potentiometer
wire is directly proportional to the length of that portion provided
the wire is of uniform cross - sectional area and a constant current is

flowing through it. (1 mark)
Working:
K
.)_l,r_.B 400
l = 3]
Rh K a
200 - 300
+ b
@ ey
A - 100
+~—=

- |1

Let A be the area of cross-section of the wire. p be the specific
resistance of the material of the wire V is the potential drop across
the portion of the wire whose length is ¢ and resistance R and I be
the current flowing through the wire.

V=IR=ﬂ=k€
A

V oc ¢ where I and A are constants

\Y%
7 =k = potential gradient or falls of potential per unit length of

the wire.
To find the e.m.f of a cell the following circuit is used.

K
u )—I,B 400
b _

. 1200 300
@ p £ I—>]
= - =100

\—|||
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The cell of e.m.fE to be measured is connected in parallel along
with a galvanometer to the potentiometer wire. Let the null point is
foundatJand AJ= ¢

The potential drop across the potentiometer wire AJ is equal
tothe unknown e.m.fE.

E =k ¢ where k is the potential gradient of the potentiometer
wire. Knowing k and measuring ¢ from the attached scale E can be
calculated. (2 marks)

OR
The resistivity of the material of a conductor is defined as the
resistance of unit length and unit area of cross—section of the
conductor. The S. I unit of resistivity is ohm metre (Qm).
Resistivity of a material,

m
P=—>% or paL Where m is the mass of electron, n is the
ne 1t nt

number density of electron and 7 is the average relaxation time.

This shows that the resistivity is related to two parameters of the

material namely n and 1. (1 mark)

The variation of resistivity with temperature is different in different

materials.

(@) For metallic conductors : The temperature dependence of
resistivity of a metal is given by the relation,

p=poll+(T-Tp)1 . 1)
Where p and p are the resistivity at temperature T and
T, respectively and o is called temperature coefficient of
resistivity.

__P-pp _dp 1

Cpo(T-To) pp dT @
The resistivity of a conductor increases with increase in

temperature since o is positive. The variation of resistivity
of copper with temperature is as shown.

p

Po
(1 mark)

273K T

GP_3166
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(b) For Semiconductors : For Semiconductors, the resistivity
decreases as temperature increases since the value of o is
negative.

P

(Y2mark)

S

T
(c) Forinsulators : The resistivity increases exponentially with
decrease in temperature. It becomes infinitely large at
temperatures near absolute zero. (Yamark)
21. HereR=6cm=0.06 m, C=100 pF
=100 x 10-12F
o =300rad/s, E_ =230 volt.

E E
@ L= Xﬂ;=ﬁ= Erms x0C
[ s =230 %300 x 100 x 1012
=6.9x10°A=69 HA. (1 mark)

(b) Displacement current

d
o -ao—(EA) [ O =EA]

dE d( Q)
Iy = ggA— =
D = E0A g = FoA dtlzoA)

[ E=2- %between the plates of the capacitor]

g %o
ID = SOA X @ =
€A dt
*. Displacement current between the plates of the capacitor
= conduction current. (1 mark)

Ho
B= ——I
© 21 R2 D

[From Ampere’s circuital law, (J') Bdl = polp
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22.

23.

2
= 2B = “'OID &2 = &D;
nR 2nR
_ ol
2nR?

** Amplitude of B=Maximum value of B

_ porly _ pory2 L
2nR? 2nR?

_4mx1077 x0.03x 2 x6.9x107°
2x3.14 x(0.06)?
Let a charged particle is moving in the magnetic field with a velocity

=16x10"T (1 mark)

v making angle 0 with B.

The component of v along Bisv cos0, due to which no force will
act on the particle. so it will cover a distance along the magnetic
field with a constant speed.

The perpendicular component v sin 6 will provide a force,

F = qBvsin6 which provide the necessary centripetal force for the
circular motion of the charged particle

m(vsin 0)?
r

Bqvsin6 =

= vsin9=% (1 mark)
m

mvsin®

and r =radius of the path =

Ifsin@=1, i.e. 06=90° then r=m
Bq
Under the combined action of both the velocities the charged

particle will undergo a linear as well as a circular motion. So the

resultant path will be a helix. (2 marks)
SECTION-D

(i) Caring, sharing, concern. (1%2marks)

(i) Polarisation. (1 mark)

(iii) No change in intensity of light. (1%2marks)
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24.

SECTION-E

Induced e.m.f: When the magnetic flux linked with a coil changes,
an e.m.fis induced in the coil. This is called induced e.m.f. (1 mark)
Faraday’s law of electromagnetic induction:

1st Law: When the magnetic flux linked with a coil changes, an
e.m.fis induced in the coil. It lasts so long as the change in flux
continues.

2nd law: The magnitude of induced e.m.f'is directly proportional to
the rate of change of magnetic flux linked with the coil. It is in the
opposite direction of the change of magnetic flux.

d L
e= d—f [Here proportionality constant =1]

For a coil of N turns, e=—N (:i—f (1 mark)

Induced e.m.f in a rotating rod : Consider a metallic rod of length |,
which is rotating with angular velocity ® in a uniform magnetic
field B, the plane of rotation being perpendicular to the magnetic
field. A rod may be supposed to be formed of a large number of
small elements. Consider a small element oflength dx at a distance
x from centre. Ifv is the linear velocity of this elements, then area
swept out by the element per second = vdx.

.. E.m.finduced across the ends of the element=dE = Bd—A =Bvdx

dt
v v=xo ..dE=Bxodx
.. The e.m.finduced across the rod

¢ ¢ ) 2
=8=J‘BXO)dX=BO)J‘XdX=BO)|:x_i| =Bo| ——
2
0 0 0

1
- g= EBMZ (3 marks)
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OR
The instantaneous voltage and current in an LCR circuit are given
by, E=E;sinotand =1 sin(ot-@)

GP_3166

T T
1 1
= EI=—IE sinot Iy sin(ot — @)dt
T{ | Bosinotly (©t-¢)

T
= % I (sinot(sinotcos@ — cosmt.sin@)dt

[T T
= Eolo I sin? otcosodt - I sin @t.cos t.sin @)dt
T LO 0
Eolp B p
= I 2sin? otcosodt - I 2sin ot.cos ot.sin @)dt
2T o 0
EO L _[ (1-cos2mt)cosodt — I 2sin ot.cos ot.sin @dt
0
T T
. Icos 2etdt =0 and Isin 20tdt=0
0
= Eolp Tcosop = Eo I—Ocoscp
2T V22

s P=E_ 1 cosp, where coso is called power factor.(3 marks)
From the impedance in angle

coscp—E— R
Z \/R2 +(xL —x¢)*
A
(XL —Xo) Z
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For non inductive circuit X| = Xc

25.

R
S COSQ= o= 1 = Maximum = ¢ =0°

For inductive or capacitative circuit,
cos@ =cos 90° =0
- P=0 (2 marks)

@

(i)

When p- and n— type semiconductors are joined in thin wafer
form they form a junction. In p— type semiconductor
concentration of holes is more and on n—side electrons are in
majority, hence due to this gradient both electrons and holes
diffuse to the other side leaving behind ionised donor and
acceptor atoms which are immobile. As charges diffuse a layer
of negative charges (acceptor) is found on p—side and positive
charges (donor) on n—side near the junction. This is depletion
layer and creates an electric field due to which electrons on
p— side move to n—side. This is called drift current. Thus
space charge region of either side extends, forming p—n

junction. (1%2marks)
electron electrqn
drit_— <«— diffusion
%5 Fig: p-n junction
P 3‘ g formation
hole — < hole process
diffusion drift

Here we use two diodes to rectify voltage corresponding to
both positive and negative half of the a.c. cycle. Here, the p—
side of the two diodes are connected to ends of secondary
which is centre tapped in this transformer. For positive half
cycle, D, is forward biased and conducts and for negative
half cycle D, conducts. The output across load is a
continuously, varying pulse of the shape of half sinusoids.

Input (% g ‘ |
R; Output
(S

transformer
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®

(i)

26.

waveform
v

Input

i

across R,
N

Output

D, D, D, D, time—>
Conducts Conducts Conducts Conducts
(2 marks)
(ii)) If output Y' of NAND is connected to input of NOT gate
(made from NAND gate by joining two inputs) then we get
AND gate.

Ae——

B e— Y' Y

Yl

»—A»—AOO}

B
0
1
0
1

O ===
—o oo

(1%2 marks)
OR
Reverse current is due to flow of minority carriers. As the reverse
bias voltage increases, electric field at the junction increases. At V
=V, (breakdown) electric field strength is enough to pull valence
electrons from p—side to n—side. This is field emission of electrons
(or field ionisation) which leads to high current. The electric field
required is ~ 106 V/m. (2 marks)
Voltage drop across p-n junction = 0.6V, emfof battery= 1.5V
Let R=max. resistance used in series with p-n junction
max. current=6 mA
Using Ohm’slaw, IR+0.6=1.5
= IR=15-06=09

= R=%= 09 5 =150Q. (3 marks)
I 6x10”
(1) (@) From the fringe width expression,
AD
S

With the decrease in separation between two slits, the fringe width
B increases. (1 mark)
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s _A
(b) For interference fringes to be seen, — < ’

©

Condition should be satisfied
where, s = size of the source and d = distance of the source
from the plane of two slits.
As the source-slit-width increase, fringe pattern gets less and
less sharp.
When the source-slit is so wide, the above condition does
not satisfied and the interference pattern disappears. (1 mark)
The interference pattern due to different colour component of
white light overlap. The central bright fringes for different
colours are at the same position. Therefore, centre fringes are
white. And on the either side of the central fringe (i.e., central
maxima), coloured bands will appear.

The fringe closed on either side of central white fringe is red and
the farthest will be blue. After a few fringes, no clear fringes patterns
is seen. (1 mark)

(i)

Intensity at point is given by

| =4l cos? ¢/2

where, ¢ = phase difference,

I'=intensity produced by each one of the individual sources.
At central maxima, ¢ =0, the intensity at the central maxima, [
=[,=4I'

o I'=—+ ()

As path difference = —

w| >

2 .
Phase difference, ¢'= Tn x Path difference

2n A
= — X—=
A3
Now, intensity at this point,

In=41100521(2_n) =4I’ C052 E =41 Xl =T
2\ 3 3 4

2n
3

I
or I"= 70 [ From equ (i)] (2 marks)
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OR
(1) Apolaroid is amaterial which consists of long chain molecules
aligned in a particular direction. If an unpolarised light wave
is incident on such a polaroid then electric vector along the
direction of aligned molecules get absorbed and the light wave
is linearly polarised. (1 mark)
Polaroids are used to control the intensity of light in
sunglasses, window panes and aeroplanes etc. They are also
used in photographic cameras and 3D movie cameras. (1 mark)
(i) Refraction ofa plane wave form by
(a) Athinprism.

incident - (1%2 marks)
plane wavefront

incident —
(b) Aconvex lens plane wave

(1%2 marks)
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