We have learnt that an electric current produces magnetic field and a varying magnetic
field gives rise to an electric field. This brought together the phenomena of electricity
and magnetism into a coherent and unified theory. After this discovery, Maxwell
predicted variation of electric and magnetic field vectors perpendicular to each other
leads to electromagnetic disturbance in space. He also concluded that, electromagnetic
waves could travel with the speed of light. This led him to conclude that the light itself
is an electrromagnetic wave.

ELECTROMAGNETIC
WAVES

DISPLACEMENT CURRENT

Ampere’s circuital law states that, the line integral of magnetic field B around

any closed path 15 fqua| to L, times the total current thrfading the closed path, v CHAPTER CHECKLIST

1§B dl=py 1 () . Dl:-:r.nlafelmc‘ut LL}[‘I'!’.!I‘I‘t
* Maxwell's Equations
where, [ is the net current threading the surface bounded by a closed path C. » Flectromagnetic Waves

» - * | | 1 ._‘
Origin of Displacement Current Electromagnetic Spectrum
J"u:carding to Maxwell, the Eq. (i) is lugica"}' inconsistent. With the |'|c|p of

ﬁ}"(}wing observations, it c'xp|aintd the same. He considered a para"cl phm:

capacitor having plates A and B connected to a battery L, through a tapping key

K. After pressing the key K, the conduction current flows through the

connecting wires and the capacitor starts storing charge. As the charge on the

capacitor grows, the conduction current in the wire decreases. When the

capacitor is fu“:-,- chargtd. the conduction current stops ﬂuwing in the wire. But

during the charging of capacitor, there is no conduction current between the

plates of capacitor. Let at an instant during charging, [ be the conduction

current in the wires. This current will pm-ducc magnetic field around the wires

which can be detected by using a compass needle.
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Circuit diagrams showing the inconsistency of Ampere's circuital law

After this, the magnetic field was found out at point F,
whichisata pcrpcndicula.r distance r from connecting wire,
in a region outside the parallel plate capacitor. For this, a
p|anc circular lu-np c, of radius r is considered. Its centre
lies on wire and its planc 15 pcrpcndicular to the direction of
current carrying wire [see Fig. (a)]. The magnitude of
magneric field is same ar all points on the ICHJP and is acting
tangcntia”}r alnng the circumference of the lnup. If B is the
magnitudt of magnetic field at E, then b]-' using Ampcrc’s
circuital law for loop ), we get

Sﬁclls-dl Zi:. BdlcosO = Bx2mr =p1,/

Lyl .
B=—— ..

2nr (i)
Mow, a different surface, i.e. a tiffin box surface is
considered. This surface is without lid with its circular rim,

which has the same bﬂundar}r as thar of laup C,
[see Fig. (b)].

On app|_\,'ing Ampcn:'s circuital law to |c|-|:|p C, of this riffin

su rFacc, WC Efl

§B-dl=B-2mr=p, x0=0

=

... (1)
From Eqgs. (ii} and (iii), it has been noticed thar there is a
magnetic field at E calculated thraugh one way and no
magnetic field ar £, caleulated through another way.As this

contradiction arises from the use of Ampere's circuiral law,
hence, Ampere’s circuital law is logically inconsistent.

Basic Idea of Displacement Current

a

Since, Ampere's circuital law for conduction current during
charging of a capacitor was found inconsistent. Maxwell
argued that the above inconsistency of Ampere's circuiral
law is because of some missing term, That term must be
related to a changing electric field which passes thn:l-ugh
surface § between the plates of capacitor during charging.
So,  Maxwell introduced this missing rterm, i
displaccmcnt current, in order to make hmpcrc’s circuital
law logica”y consistent. Disp|:-1ccmcnt current is that
current which comes into play in the region in which the
electric field and the electric flux is changing with time.

L.C.
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d
i.e. Displacement current, | {; =g, ::—

Ampere’s circuital law [4 B-dl= ],lnf] was modified to

| §B-dl=p,(, +f.ﬂJ

where, I.= conduction current and Iy = displaccmcnt
current.

It is called modified impere’s circuital law
or Ampere Maxwell’s-circuital law.

Therefore, modified Ampere’s circuital law may also be

E’JEPIC!!CCI. as

§B-dl=uu[fr+eﬂ%]

The inferences can be drawn from the above discussion as
given below
(i) The conduction and displacement currents are
individually discontinuous, but the currents rogether
possess the property of continuity through any
closed electric circuir.
(ii) The displacement current is precisely equal to the
conduction current, when the two present in
different parts of the circuir.

(iii) The displacement current arises due to rare of change
of electric flux (or electric field) berween the two
plates of the capacitor.

(iv) Just as the conduction current, the displacement
current is also the source of varying magneric field.

EXAMPLE |1]| In an electric circuit, there is a capacitor
of reactance 100£) connected across the source of 220V.
Find the displacement current.

Sol. Since, displacement current = conduction current.

L=t=20_ 55

X. 100

Therefore,

EXAMPLE |2| In which way, you can establish an
instantaneous displacement current of 1.0 A in the space
between the parallel plates of 1 uF capacitor?

Sol. .. Displacement current,

[ = EA]

where, E is electric field and A is the area of

cross-section.
gl
di\ d

d d
fd=En ;.E =EDE{E&]

e @)
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g A dV Cav £,4
= I = — = r'.'C:—ﬂ 1
d dr o dr | d |
== £=£=i=lﬂb‘r’5_l
dt C 1w

Thus, an instantaneous displacement current of 1 A can
be set up by changing the potential difference across the
parallel plates of capacitor at the rate of 10° Vs

MAXWELL’S EQUATIONS

Maxwell's equations are the basic laws of electricity and
magnerism. These equations give complere description of
all electromagnertic interactions. Maxwell on the basis of his
equations, prcdii:tcd the existence of clcctrumagn:tic wWaves.

There are four Maxwell's equations which are cxplain:d as
given below

Gauss’s Law of Electrostatics
This law states that, the total electric fux thmugh any

CI.CISC\EI. SIJTEI.L—C 18 alwa}rs Cquﬂ.I o E_ times tI.'lC net Ehﬂ.l'gl.‘
(1]

enclosed b}' that surface. It is given hy

‘, §E-d‘5=i.

£y

This equation is called Maxwell's first equation.

Gauss'’s Law in Magnetostatics

This law states that, the net magnetic flux rhrough any
closed surface is always zero. It is given by

EFB-d'S:[}]

This equation is called Maxwell's second equation.

Faraday’s Law of
Electromagnetic Induction
This law states that, the induced cmemdui:cd in a circuit is

numcrically Cq'l.'lﬂl o rate Df CI'IH.HEC DIF magn:tic ﬂl.l}[

thmugh ir. It is given b}r
diy |

t

r§E-41=-

This cquation is called Maxwell's third equation.

Ampere-Maxwell’s Circuital Law

This law states that, the line integral of the magnetic field
along a closed path is equal to [, times the roral current
(i.c. sum of conduction current and displacement
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current) thrcading the surface bounded hy that closed
path. It is given b}r

§B-dl=uu[;f+en ‘hf]

dt

This equation is called Maxwell's fourth equation.

ELECTROMAGNETIC WAYVES

These waves are produced due to the change in electric field
E and magnetic field B sinusuidally and propagating
through space such that, the rwo fields are perpendicular to
cach other and perpendicular to the direction of wave

propagation.
Source of Electromagnetic Waves

An oscillating charge is an example of accelerating charge. It
produces an oscillating electric  field in space, which
pmduccs an usci“ating magnetic field, which in turn
produces an oscillating clectric ficlds and so on. The
usci“ating electric and magnetic fields regenerate each other
as a wave which propagates through space.

The f'rcqucnq-' of EM wave is cqual to the Fn:qu:ncy of
oscilladon of charge, i.c.

1
2R LC

Eln:tm-magn:tic waves are also pm-duccd when fast moving
electrons are suddenly stopped by metal rarger of high
atomic number. These clcctmmagnclic waves are called

X-rays.

V=

Transverse Nature of Electromagnetic
Waves

It can be shown from Maxwell's equations thar electric and
magnetic fields in  an electromagnetic wave are
perpendicular to each other and to the direction of wave
propagation.

It was seen in the discussion of the displaccmcnt current
also. If we would consider a parallel plate capacitor [refer to
figure on page 330], the E inside the parallel plate capacitor
was directed pcrpcndicula.r to the plal:cs. Also, the B which
give rise to the displacement current was parallel to the
capacitor . Thus, E and B were perpendicular in thar case.
But, this observation is a general feature.

Direction of wave propagation

A plane EM wave travelling along Z-axis

e @)
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In the above figure, we see that permanent curve shows
electric field E which is along x-direction and dotted curve
shows magnetic ficld B which is along y-direction and the
wave propagates along z-direction. Both E and B vary
sinusodially and become maximum at same position and
time.

Since, In :lcr.:tromagnctic wave, E and B are mutually
perpendicular to cach other, so they are rransverse
In nature.

The EM wave propagating in the positive z-direcrion may
be rcprcscnt:d h}r the Fc:”nwing equations

Here, E=FE_ = Eysin(kx — w¢)
B=B, =B, sin(kz — wr)

where, £=2mn/A, [A = wavelength]
= 27mv, [V = fn:qu:nc:-,r]

E,= amplirudt of varying electric field
and B, = amplitudc of varying magnetic field.

Important Characteristics of

Electromagnetic Waves
Important characteristics of EM waves are listed below
(i) The clccrromagncric waves are produccd h}r
accelerated charge.

(i1} These waves do not require any marterial medium
for propagarion.

(ii1) These waves travel in free space with the spcccl of
light (3 % ]ﬂsms_l], given by the relation
€= ”.,li[.lﬁeﬁ . It means thar light waves are
electromagnetic in nature.

(1v) Sp:cd nF:lcctramagn:tic wave in a2 medium is given
by, v=1/ Jj.]._E, where € and W are the permirtivity
and magnetic p:rm::;bﬂir}r of a material medium,
Icspcr.:tivcly. This means, the spccd of EM wave in a

medium dcpcnds on electric and magnetic properties
of 2 medium.

{(v) The direction of variarions of electric and magnertic
fields are perpendicular to each other and also
p:rpcndicular to the direction of wave propagation.
Thus, :l:ctmmagnctic Waves are transverse in nature.

(vi) In free space, the magnitudes of electric and magneric
fields in c|:clmmagnctic waves are related hy

.En.lrﬂn =€,

(vii) The energy in :l:ctrnma.gnctic waves is divided, on
an average, equally between electric and magnetic

fields.
U,=U,
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where, I/, = energy of electric field
and U = energy of magnetic field.
(viii} The energy ::lcnsil}r (energy per unit volume) in an

electric field E in vacuum is —g nE_} and that in

2

magnetic field B is .
21,

.. Energy associated with an elecrromagneric wave is
gy £n

given by
1 1 B?
U=—¢g “.-'52 + -
2 2wy,
Also, average energy d:nsiry,
1 1 B,
uiv =—E I:IE'2 +__n
AT,
1 ., B
also u, ==g Ef =—=
2 2u,

(ix) E||:d:tmm:agnctic wWaves, b-cing uncharg:d, are not
deflected by electric and magnetic ficlds.

(x) The clc::tmmagnctic wave like other waves carries
energy and momentum. Since, it has momentum, an
clectromagnetic wave also exerts pressure called
radiation pressure.

If wave is incident on a completely absorbing surface,

then momentum delivered is given b:-,r

o
P=—
c

maomentum,

Note Light caries energy from the sun to the earth, thus
making life possible on the earth.

(xi} Electromagnetic waves are polarised and can be easily
seen in the response of a portable AM radio to a
bruadcasring station. If an AM radio has a t:lcscnpic
antenna, it responds to the electric part of the signal.
When the antenna is turned horizontal, the sign:;l
will be greatly diminished.

EXAMPLE |3| An electromagnetic wave is travelling in
vacuum with a speed of 3x 10®m / s. Find its velocity in a

medium having relative electric and magnetic
permeability 2 and 1, respectively.

Sol. Given, velocity of electromagnetic wave in vacuum,

c=3x%10"m/s

Relative electric permeability, & = 2
and magnetic permeability, pt, =1

Since, velocity of electromagnetic wave in a medium can
be caleulated by

e @)
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1 1
v = =
‘\ffﬂerl'lﬂp'r JEO“I] X ‘ﬁ,ﬂ'lrsr

C

1
——=r = V= (1)
Eﬂ,"l'ﬂ '\.”“Lr Er

3% 10 3
Therefore, v= F T

ELECTROMAGNETIC

SPECTRUM

The Dl'dl:l'l}" arrangement of EM waves in increasing or

dccr:asing DIIEI.CI DF WE"-’CIC"EE]!I }u Or IFTCCIUCIIL'}" Vs CEI.I.CCI

where,

*x 10" m/fs

. . —-12
:lectrama.gm:tlc spectrum, The range varies from 10”7 " m

to ]D4m, i.e. from Y-rays to radio waves.

Frequency (Hz) Wavelength (m)

10734 Mgt I

10721 g3 _fJ400nm

10211 Gamma rays F1gm12 r Violet
o .."]—11 &

:g?:-l g0 L1450 nm

1081 Yorays 1 L1g2 d c00 Blue

m”'j ,19;( g™

10‘6'%1 !

10151 Visible Fio® Gireen

1014' o

1012 Infrared 3{1" —1550 nm

10'2 :g:‘s. Yellow

10117 Micrawaves I *,

10{;:- Short radio waves ':U" ‘\-. |92 "™ Or.

107 i k angs

1081 | Fretevision and P racio—{ | F101 N f—{&S0nm

1071 F10° *

106" AM radio L1g2 '\\ Rad

108 "g; \,

101 ; M 700 nm

105 Long radio waves | 1of

102 F107

101

Electromagnetic spectrum with common names
for various parts of it

TI.'IC wavclcngth ranges, Fl'thICIlC}’ ranges and LsC Df various

regions ufclcctrumagn etic spectrum are summarised below

Radio waves
These are produced due to oscillating charge particles. The
frequency varies from 500 kHz 1o 1000 MHz.

Uses of radio waves are given below
(1) These are used in AM (Am plitud: Modulation) from
530 kHz to 1710 kHz. These are also used in ground
wave propagation.

(ii) These are used in TV waves ranging from 54 MHz to
890 MHz.

(iii) These are used in FM (Frequency Modulation)
ranging from 88 MHz to 108 MHz

(iv) UHF (Ulera High Frequency) waves are used in

ctllu|ar Phﬂ]‘lts.
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Microwaves

These waves are called short wnvelength radio waves which
are pmduu:d b_l,r vacuum tubes. Their fr:qucncy lies in the

range of 1 GHz o 300 GHz {giga]'lcrrz}.
Uses of microwaves are given below

(i) These are used in RADAR systems for aircraft
navigarion.

(ii) These are used in microwave oven for coolu'ng
purpose.

(111) These are used in stud}r of atomic and molecular
structures.

(iv) These are used to measure the sp::d of vehicle, spccd
of cricket ball, etc.

Infrared Waves

These waves were discovered by Herschell. These waves are
also called heat waves. These waves are produced from the
hear radiating bodies and molecules.

They have high penetration power. Its frequency range is
from 3 x 10" Hz to 4 x 10" Haz.

Uses of infrared waves are given below
(i) These are used in ph:-,rsical thtmpy.
(11) These are used in sarellite for army purpose.
(iii) These are used in weather forecasting,
(iv) These are used for producing dehydrated fruits.

(v) These are used in solar water heater, solar cells and

CDDlECI_

Visible Rays

It is chat part qup:ctrum which is visible b}r human eye and
1ts Frvl:t:lucm::}-r range is from 4 x 10" Hz 1o 7T x 10" Hz

Uses of visible rays are given below
Visible rays arc used b}-’ the aptical Organs of humans and
animals for three primary purposes given below:

(i) To see things, avoid bumping from them and escape
danger.

(i1} To find stuff to eat.
(iii) To find other living things with which to consort so
as to prolong the species.

Ultraviolet Rays

These rays were discovered by Ritter in 1801. These rays are
prucluccd b:,r spn:ial |am|:ls and very hot bodies. The sun is
an lmportant source of UV-rays but Forlunatcly absorbed
by ozone layer at an aldude of abour 40-50km. Its
frequency range is from 10" Hz 10 10" Hz.

e @)
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Uses of ultraviolet rays are given below

(1) These are used in burgla.r alarm.

(1) These are used in ch:cking mineral samph:_

(iii) These are used to study molecular strucrure.

(iv) To kill germs in minerals.

iv) To sterilise surgi::al INSIruments.

(vi) These rays can be focussed into VETy narrow beams for
high precision applications such as LASIK eye surgery.

X-Rays

These rays were discovered b}r German prafcssur Roentgen.

Its frequency range is from 3 x 10" Hz to 3 x 10*' Haz.

Uses of X-rays are given below

(i) These are used in surgery to detect the fracture,
discased organs, stones in the body, etc.

(ii) These are used in engineering o derect fault, crack on

bridgcs, testing of welds.

(111)) These are used at metro station to detect metal or

explosive marerial.

(iv) These are used in scientfic research.

Gamma (y) Rays

These rays were discovered by Rutherford. They travel with
the spccd of |ighl: and ha\ring high penetration power. The
Frcqucncy ranges from 3% 10" Hz 1o 5% 10** Hz.

Uses of gamma (y) rays are given below

(1) These are used o prnducc nuclear reaction.

(ii) These are used in radio therapy for the treatment of

tumour and CaAncer.

(iii) These are used in food industry to kill pathogenic

microorganism.

(iv) These are used to provide valuable informarion about

l'I'IC structure DE aromic l'l'I.'I.CJ.CLlS.

Different Types of Electromagnetic Waves

Type  Wavelength Production
range
Radio =01m Rapid acceleration
wave and decelerations of

electrons in aenals

Detection

Receiver's aerials

Microwave 0.1 mio Klystron vahve or Point contact
1 mm magnetron valve diodes
Infrared 1 mm to Vibration of atoms  Thermopiles
wave 700 nm and molecules bolometer, Infrared
photographic film
Light 700 nmto Electrons in atoms The eye,
400 nm emit light when they Photocells,

mave from  higher
energy level to a
lower energy level

Photographic film
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Ultraviolst 400 nm to  Inner shell electrons  Photocells,
rays 1 nm in atoms moving Photographic
from higher energy  film
level to a lower
energy level
Kerays 1 nm to X-ray tubes or inner Photographic
10 nm  shell electrons film, Geiger
tubes, lonisation
chamber
Gamma <107nm  Radicactive decay Photographic
rays of the nucleus film, ionisation
chamber
MNote This EM spectrum and its properfies have been frequently

asked in previous years 2014, 2013, 2012, 2011, 2010.

CHAPTER PRACTICE
(SOLVED)

OBJECTIVE Type Questions

1.

2.

e @)

Which statement represents the symmetrical
counterpart of Faraday's law and a

consequence of the displacement current

being a source of a magnetic field?

{a) An electric field changing with time gives rise to
a magnetic field

{b) A magnetic field changing with time gives rise to
an electric field

{c) An emf changing with time gives rise to an
electric field

(d) An displacement current, changing with time
gives rise to an electric field

A linearly polarised electromagnetic wave
given as E= E_i cos (kz —at) is incident
normally on a perfectly reflecting infinite wall
at z = a. Assuming that the material of the wall

is optically inactive, the reflected wave will be
given as

(@) E, =E,i(kz —wt)
(b)E, =E,icos(kz + wt)
(c)E, =— E_icos(kz + ot)
(d)E, =E,isin(kz —wt)

Radiations of intensity 0.5 Wm™ are striking a
metal plate. The pressure on the plate is

{a) 0.166 x10™° Nm™
(b)0332%107* Nm™
{€)0111x107 Nm™
(d)0083x10™* Nm™
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4. Total energy density of electromagnetic
waves in vacuum is given by the relation
1 E*  B*
@ s —+—
2 g,
E*+B*

C

(b) lzeﬂsg +12|1052
2

d) Le B2 +2—

2 2,

(c)

The speed of electromagnetic wave in

vacuum depends upon the source of radiation

(a) increases as we move from y-rays to radio waves

(b) decreases as we move from y-rays to radio
Waves

(c) is same for all of them

(d) None of the above

One requires 11 eV of energy to dissociate a
carbon monoxide molecule into carbon and
oxygen atoms. The minimum frequency of the
appropriate electromagnetic radiation to
achieve the dissociation lies in

NCERT Exemplar
(a) visible region ib) infrared region
{c) ultraviolet region (d) microwave region

VERY SHORT ANSWER Type Questions

7. Acapacitor has been charged by a DC source.
What are the magnitude of conduction and
displacement current when it is fully
charged?

Delhi 2013

The charge on a parallel plate capacitor varies
as g = g,cos2nvl. The plates are very large and
close together (area= A and separation = d).
Neglecting the edge effects, find the
displacement current through the capacitor.
NCERT Exemplar

Avariable frequency AC source is

connected to a capacitor. How will the
displacement current change with decrease in
frequency? NCERT Exemplar

10. The charging current for a capacitor is 0.25 A.
What is the displacement current across its
plates? Foreign 2016

11. What are the directions of electric and
magnetic field vectors relative to each other
and relative to the direction of propagation of

electromagnetic waves? All India 2012

12. Acharged particle oscillates about its mean
position with frequency 10° Hz. What is the
frequency of electromagnetic wave produced

by the oscillators? NCERT
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13.

14.

15.

16.

17.

18.

19.

20.

21.

22,

24.

In which directions do the electric and magnetic
field vectors oscillate in an electromagnetic wave
propagating along the X-axis? All India 2017

How is the speed of electromagnetic waves in
vacuum determined by the electric and magnetic
fields? Delhi 2017

Do electromagnetic waves carry energy and
momentum? All India 2017

An electromagnetic wave exerts pressure on the
surface on which it is incident. Justify.
Delhi 2014

To which part of the electromagnetic spectrum
does a wave of frequency 5 x 10""Hz belong?

All India 2014

MName the type of electromagnetic wave used in
food industry to will pathogenic microorganism.
Also write its frequency range.

What physical quantity is the same for X-rays of
wavelength 107" m, red light of wavelength 6800
A and radio waves of wavelength 500 m? NCERT

Why are microwaves considered suitable for
radar systems used in aircraft navigation?
Delhi 2016

Name the electromagnetic waves which
(i) maintain the earth's warmth and

(ii) are used in aircraft navigation. Foreign 2012

MName the electromagnetic waves used in LASIK
eye surgery and why?

Name the electromagnetic radiations used for (a)
water purification, and (b) eye surgery. CBSE 2018

Why does microwave oven heats up a food
itern containing water molecules most efficiently?
NCERT Exemplar

SHORT ANSWER Type Questions

25.

When an ideal capacitor is charged by a DC
battery, no current flows. However, when an AC
source is used, the current flows continuously.
How does one explain this, based on the concept
of displacement current? Delhi 2012

A capacitor made of two parallel plates each of
the plate A and separation 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.
AllIndia 2013

e @)
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27.

28.

29.

30.

31

32.

33.

(i) An electromagnetic wave is travellingin a
medium with a velocity v=v i Draw a
sketch showing the propagation of the
electromagnetic wave indicating the
direction of the oscillating electric and
magnetic fields.

(ii) How are the magnitudes of the electric and
magnetic fields related to velocity of the
electromagnetic wave?

Delhi 2013, All India 2008C

Even though an electric field E exerts a force gE
on a charged particle yet electric field of an
electromagnetic wave does not contribute to
the radiation pressure (but transfers energy).
Explain. NCERT Exemplar

Show that the radiation pressure exerted by an
EM wave of intensity / on a surface kept in

vacuum is i
c NCERT Exemplar

Poynting vectors is defined as a vector whose
magnitude is equal to the wave intensity and
whose direction is along the direction of wave
propagation. Mathematically, it is given by

5= L{E % B). Show the nature of S versust graph.
Ho NCERT Exemplar
Identify the electromagnetic waves whose
wavelengths vary as
({10 m<i<10"%m
Write one use for each.

(i) 10 m<i <10 m
All India 2017

(a) Why are infrared waves often called heat
waves? Explain.

(b) What do you understand by the statement,
“electromagnetic waves transport

momentum®™? CBSE 2018

Show that the magnetic field B at a point in

between the plates of a parallel plate capacitor

during charging is E‘-'Eﬂi % (symbols having

usual meaning). NCERT Exemplar

! ly

%

34. A capacitor of capacitance C is being charged

by connecting it across a DC source along with
an ammeter. Will the ammeter show a
momentary deflection during the process of
charging? If so, how would you explain this
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momentary deflection and the resulting

continuity of current in the circuit? Write the

expression for the current inside the capacitor.
All India 2012

LONG ANSWER Type I Questions

35.

36.

37.

38.

39.

40.

4.

e @)

Write the expression for the generalised form of
Ampere's circuital law.

Discuss its significance and describe briefly
how the concept of displacement current is
explained through charging/discharging of a
capacitor in an electric circuit. Delhi 2015

Show that average value of radiant flux density
S over a single period T is given by 5= 1 EZ.
2epy
NCERT Exemplar

How are electromagnetic waves produced by
oscillating charges?
Draw a sketch of linearly polarised
electromagnetic waves propagating in the
z-direction. Indicate the directions of the
oscillating electric and magnetic fields.

Delhi 2016

(i) Describe briefly how electromagnetic waves
are produced by oscillating charges?

(ii) Give one use of each of the following
(a) Microwaves All India 2011C
(b) X-rays
(c) Infrared rays
(d) Gamma rays

MName the electromagnetic waves, in the
wavelength range 10 nm to 10~ nm. How are

these waves generated? Write their two uses.
All India 2017 C

Answer the following questions.

(i) Mame the electromagnetic waves which are
used for the treatment of certain forms of
cancer. Write their frequency range.

(ii) Thin ozone layer on top of stratosphere is
crucial for human survival. Why?

(iii) Why is the amount of the momentum
transferred by the electromagnetic waves
incident on the surface so small?  Delhi2014

Answer the following questions.

(i) Name the electromagnetic waves which are
produced during radioactive decay of a
nucleus.Write their frequency range.

(ii) Welders wear special glass goggles while
working. Why? Explain.
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(iii) Why are infrared waves often called as heat
waves? Give their one application. Delhi 2014

42. Name the parts of the electromagnetic
spectrum which is
(i) suitable for RADAR systems in aircraft
navigations.
(ii) used to treat muscular strain.
(iii) used as a diagnostic tool in medicine.
Write in brief, how these waves can be
produced? All India 2015

43. Name the following constituent radiations of
electromagnetic spectrum which
(1) produce intense heating effect.

(ii) is absorbed by the ozone layer in the
atmosphere.

(iii) is used for studying crystal structure. Write
one more application for each of these
radiations.

44. Identify the part of the electromagnetic
spectrum which is
(i) suitable for radar system used in aireraft
navigation.
(ii) produced by bombarding a metal target by
high speed electrons. All India 2016

45. (i) Which segment of electromagnetic waves
has highest frequency? How are these waves
produced? Give one use of these waves.

(ii) Which EM waves lie near the high frequency
end of visible part of EM spectrum? Give its
one use. In what way, this component of
light has harmful effects on humans?

Foreign 2016

NUMERICAL PROBLEMS

46. The current in a circuit containing a capacitor is
0.15 A. What is the displacement current and
where does it exist?

47. You are given a2 uF parallel plate capacitor.
How would you establish an instantaneous
displacement current of | mA in the space
between its plates? NCERT Exemplar

48. Calculate the displacement current between the
square plates of side 1 em of a capacitor, if
electric field between the plates is changing at
the rate of 3x 10° Vm™ 57,

49. Figure shows a capacitor made of two circular
plates each of radius 12 em and separated by
5.0 em. The capacitor is being charged by an

Get More Learning Materials Here : i

external source (not shown in the figure). The
charging current is constant and equal to 0.15 A.
(i) Calculate the capacitance and the rate of

change of potential difference between the
plates.

(ii) Obtain the displacement current across the
plates.

(iii) Is Kirchhoff's first rule (junction rule) valid
at each plate of the capacitor? Explain.

NCERT

50. A parallel plate capacitor (shown in the figure)
made of circular plates each of radius R =6.0
cm has a capacitance C =100 pF. The capacitor
is connected to a 230 V AC supply with angular
frequency of 300 rad/s.

00

©

(i) What is the rms value of the conduction
current?
(ii) Is the conduction current equal to the
displacement current?
(iii) Determine the amplitude of B at a point

3.0 cm from the axis between the plates.
NCERT

51. (i) A plane electromagnetic wave travels in
vacuum along z-direction. What can you say
about the directions of electric and magnetic
field vectors?

(ii) If the frequency of the wave is 30 MHz.
What is its wavelength?
NCERT; Delhi 2012

52. Aradio can tune into any station in the 7.5 MHz
to 12 MHz band. What is its corresponding
wavelength? NCERT

53. The magnetic field of a beam emerging from
a fitter facing a floodlight is given by

B =12x10"sin (120 x107 z-3.60 x 10'3¢)T.

What is the average intensity of the beam?
NCERT Exemplar

e @)
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54. About 5% of the power of a 100 W light bulb is
connected to visible radiation. What is the
average intensity of visible radiation at

(i) distance of 1 m from the bulb

(ii) distance of 10 m? Assume that the radiation
is emitted isotropically and neglect
reflection. NCERT

55. The amplitude of the magnetic field part of a

harmonic electromagnetic wave in vacuum is
B, =510 nT. What is the amplitude of the

electric field part of the wave? NCERT

56. In a plane, electric field oscillates sinusoidally

at a frequency of 2x10'" Hz and amplitude
48 V/m.

(i) What is the wavelength of the wave?

(ii) What is the amplitude of the oscillating
magnetic field?

(iii) Show that the average energy density of
the E field equals the average energy

density of the B field. NCERT

57. Suppose that the electric field amplitude of an
electromagnetic wave is E; =120 N/C and that
its frequency is v= 500 MHz. (i) Determine
B,,w, k and i (ii) Find expressions for E and B.

NCERT

58. Suppose that the electric field part of an
electromagnetic wave in vacuum is

E=[31cos {L8 y+(54x1050))] i

(i) What is the direction of propagation?
(ii) What is the wavelength 3.7
(iii) What is the frequency v7
(iv) What is the amplitude of the magnetic field
part of the wave?

(v) Write an expression for the magnetic field
part of the wave. NCERT

59.

Use the formula, i ,, T=0.29 em-K to obtain the

characteristic temperature ranges for different
parts of the electromagnetic spectrum. What do
the numbers that you obtain, tell you?  NCERT

60.

Given below are some famous numbers

associated with electromagnetic radiations in

different contexts in Physics. State the part of

the electromagnetic spectrum to which each

belongs.

(i) 21 cm (wavelength emitted by atomic
hydrogen in interstellar space).
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L

4.
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(ii) 1057 MHz (frequency of radiation arising
from two close energy levels in hydrogen,
known as Lamb shift ).

(iii) 2.7 K (temperature associated with the
isotropic radiation filling all space thought
to be a relic of the big-bang origin of the
universe).

(iv) 5890 A-5896 A (double lines of sodium).

(v) 14.4 keV (energy of a particular transition in
*Fe nucleus associated with a famous high
resolution spectroscopic method

(Mdssbauer spectroscopy). NCERT

61. The terminology of different parts of the
electromagnetic spectrum is given in the text.

Use the formula E = hv (for energy of a quantum
of radiation: photon) and obtain the photon
energy in units of eV for different parts of the
electromagnetic spectrum. In what way are the
different scales of photon energies that you
obtain related to the sources of electromagnetic
radiation? NCERT

HINTS AND SOLUTIONS

{a) The fact that an electric field changing with time
gives rise to a magnetic field, is the symmetrical
counterpart and is a consequence of the displacement
current being a source of a magnetic field.

{(b) When a wave is reflected from denser medium, then
the type of wave doesn’t change but only its phase
changes by 180° or & radian.

Thus, for the reflected wave Z = — 2, i=—iand
additional phase of ® in the incident wave.
Given, here the incident electromagnetic wave is,
E= E,;cosikz — ()
The reflected electromagnetic wave is given by
E, = E (—i) cos[k(-z) — ot + 7]
=—E,icos[-{kz + wt) + 7
= E,icos[—(k, + wt) = E,icos(kz + wt)]
{a) Intensity or power per unit area of the radiations
I'=pe = p=£= s
¢ 3Ixl

(d) The energy in EM waves is divided equally between
the electric and magnetic fields.
The total energy per unit volume is u =u, +u,,

=0.166% 107 Nm™

= lEnE2
2
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10.

1L

12,

(c) Speed of electromagnetic waves in vacuum = 31_

Ly Ey

(e) Given, energy required to dissociate a carbon
monoxide molecule into carbon and oxygen atoms
E=11eV

We know that, E = hv, where h = 662 x 10 V]-s

v = frequency
= 11 eV=hv
Mxlex10™
=1 U=f_]'
11 X 1.6 X 107"
b ] = 265x10" Hz

This frequency radiation belongs to ultraviolet region.

Electric flux through plates of capacitor, & =4
£

where, charge, g = constant (as the capacitor is fully
charged)

i dl[ g ]
£
Displacement current, [; = £,——= Eud—“ =0
t r

Conduction current, [, = Ci—v = 0 {as voltage becomes
t

constant when the capacitor becomes fully charged).

The displacement current through the capacitor is
given by
dg )
f - Ic = — ...{l}
! dt

Given, g = g, cos 2nVt

Differentiating w.r.t. t on both sides, we get

Z_':= gyl —sin 2mve )(2mv)

Putting the value afi—q in Eq. (i), we get
)

I; =1, =—(g,sin2nvt) X 2KV = — 2V, sin 2nVE

1 1
Capacitive reactance, X = —=
wC  2revC
X, ol
W
As frequency decreases, X increases. As the conduction
1 |
current is inversely proportional to X | ] = X—J .
c

So, displacement current also decreases because the
conduction current is equal to the displacement current.
The displacement current is equal to 0.25 A, as the
charging current is 0.25 A.

Direction of electric field E, direction of magnetic field
B and direction of propagation of wave are mutually
perpendicular to one another.

The frequency of electromagnetic wave produced by the
oscillators is same as that of oscillating charged particle

about its equilibrium position, ie. 10° Haz.
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13.

14.

15.

16.

17.

18.

19.
20.

21
22,

E and B are perpendicular to direction of propagation of
light. Also, direction of propagation is parallel to Ex B.
Hence, E is along j or + Y-axis and B is along k or
+ Z-axis.
To determine speed of light in vacuum, we use the
formula, ¢ = E, = £

Bl] Bm
where, E, and B, are maximum electric field
and magnetic field component respectively, of
electromagnetic waves.
Yes, electromagnetic waves carry energy and
momentum.

Momentum, p = E and energy density = %EDE :
c

Electromagnetic wave carries energy and momentum.
Since, it has momentum due to this reason it exert
pressure, called radiation pressure.

A wave of frequency 5 % 10" Hz belongs to y-rays of
electromagnetic spectrum.

Gamma(y) rays are used in food industry to will

pathogenic microorganism. [ts frequency ranges from
3x10" Hz to5 x 10 Hz.

Speed remains same but wavelength changes.

Microwaves are generally used in RADAR system and
aircraft due to the fact that, they have longer
wavelengths and low frequencies, so they can be
focused along a straight line without much deviation.
Also, they do not bend around the corners of the
abstacles.

(i) Infrared rays (ii) Microwaves

In LASIK eye surgery, ultraviolet rays are used because
of their short wavelength they can be focused into very
narrow beam.

23 (a)Ultraviolet radiation

24,

25.

e @)

(b} Infrared radiation

Microwave oven heats up the food items containing
water molecules most efficiently because the frequency
of microwaves matches the resonant frequency of water
molecules.

If an ideal capacitor is charged by DC battery, current
flows momentarily till capacitor gets fully charged after
that no current flow. However, when an AC source is
connected, then conduction current, [, = i—? starts
flowing in the connecting wire. As charging polarity of
AC current changes, the capacitor is alternatively
charged and discharged with time. This causes change
in electric field between plates of the capacitor which
causes electric flux to change and gives rise to
displacement current in the region between plates of

capacitor, as displacement current, [, = E d:E and
t

I, =1_at all instants.

@g www.studentbro.in



26.

27.

28.

29,

Let the alternating emf charging the plates of capacitor
be V=V, sin ut 1]
Charge on the capacitor,

g = CV=CV, sin o [from Eq.(i)]
dq

and instantaneous current, [= — = —(CV,sinwt)
dt  dt

=V, coswi =1 cos mt
where, [, =wCV,

o do
isplacement current, I,=g, —
/]

d( E d d [ CV,sinw t
— Eﬂﬂ-£=£nﬂ— q = I!A_ L
dt dt g,A

=i{n:‘vﬂsmm t)
dt

=V, cosw ¢
= [, cosm t
Thus, the displacement current inside the capacitor is the
same as the current charging the capacitor.
(i) Given that wvelocity v=wvi, ie. the wave is
propagating along X-axis , so electric field E is along

Y-axis and magnetic field B is along Z-axis. The
propagation of electromagnetic wave is shown in the

figure.

Direction of —
propagation
(if) Speed of electromagnetic wave can be given as

where, £, and B, are peak values of E and B or
instantaneous values of E and B.

Electric field of an electromagnetic wave is an
oscillating field which causes force on the charged
particle. This electric force averaged over an integral
number of cycles is zero, because its direction changes
with every half cycle. So, electric field is not responsible
for radiation pressure.

Force F

Area A
Force is the rate of change of momentum,

Pressure =

n|=
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30.

3L

32

33.

e @)

Consider an electromagnetic waves with E be varying
along Y-axis, B be along Z-axis and propagation of wave
be along X-axis. Then, Ex B will indicate the direction
of propagation of energy flow in electromagnetic wave
which will be along X-axis,
Let E=E;sinfot — kx)j

B = B, sin{t — kx) k

S=- (ExB) = E,B,sin*(t - kx)[j x k]
Hy Ko
= ﬂﬂnz{w — kx)i
Ky

The variation of |S| with time t will be as given in the
figure below

[-ixk=i]

(i)107 m - 107 m = 001 A-100A — X-ray.
It is used in crystallography.
{ii) 107 m- 10" 'm = 0.1 cm-10 cm — Radio waves.

It is used in radio communication.

(a) Infrared waves have frequencies lower than those of
visible light, vibrate not only the electrons, but also
the entire atoms or molecules in the structure of the
surface.

This vibration increases the internal energy and
hence the temperature of the structure, which is why
infrared waves are often called heat waves.

(b) Electromagnetic wave transports linear momentum as
it travels through space. If an electromagnetic wave
transfer a total energy U to a surface in time ¢, then
total linear momentum delivered to the surface is
given as

p==
c

where, ¢ is the speed of electromagnetic wave.
In the given figure, [; is the displacement current in the
region between two plates of parallel plate capacitor.

The magnetic field induction at a point in a region
between two plates of capacitor at a perpendicular
distance r from the axis of plates is given by

p=te?ls Ko,

4nr 2nr
Ly dig [ . gqd by |
=¥ B, —— . Id=
2nr dt dt
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o€y d z e = 2
=t Zenrt) [ 6, = Enr?)
= mnrz E- = M-E
2rr dt 2t
34. Yes, the ammeter will show the momentary deflection.

This momentary deflection occurs due to the fact that
the conducting current flows through connecting wires
during the charging of capacitor. This leads to
deposition of charge at two plates and hence, varying
electric field of increasing nature is produced between
the plates which in turn produces displacement current
in space between two plates, which maintains the
continuity with the conduetion current.
I.=1,

i.e. Current inside the capacitor = Displacement current.

dbg
% dt

where, I, =

35. Refer to text on page 329.
36. Radiant flux density,

. 1 3 1
S5=—(ExB)=cg,(ExB) |[vc=
Hg ' [ :Jl-'-nfn}

Suppose electromagnetic waves are propagating along
X-axis, the electric field vector of electromagnetic waves
be along Y-axis and magnetic field vector be along
Z-axis. Therefore,

E=E,cos (kx —wt)
and B =B, cos (kx —wt)

s 2(ExB)=-(E, xB,) cos* (kx — o)
Hyg Ho

5= rzfﬂ{E ®x B)=c"g,|(E, x B, }|t052(kx — it

Average value of the magnitude of radiant flux density
over complete cycle,

51#

. 1 T
= c'ey[Ey X Byl - || cos*lx - wr) dt

b2 | =4

=c? Lol 11" costikn — -
=c g, E B, x?xg [_L cos (kx —wt) dt =

: E E, ]|
=r—£ﬂEﬂ[—n) =£EDE: |:as. c=—=1
2 c 2 By |
1 1 1]
=£X2—E;§ [‘."E‘=— or £y =—
2 e, L HgEy Cly |
.
20,0

37. Refer to text on page 330.

38. (i) Refer to text on page 330.
(ii) Refer to text on pages 332 and 333.

39. Refer to text on pages 332 and 333.

40. (i) y-rays. Its frequency range is from
3% 10" Hz to 3 x 10° Hz
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(ii) 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.

(iii) Momentum transferred = Energy/Speed of light

= 2 = h_\l'= 10
C [
Thus, the amount of the momentum transferred by
the electromagnetic waves incident on the surface is
very small.

41. (i) y-rays. Its frequency range is from
3% 10" Hz to 3 x 107 He.
(ii) Welders wear special glass goggles to protect the eyes
from ultraviolet rays.
(iii) Infrared waves are produced by hot bodies, so they

are called heat waves. They are used in physical
therapy,weather forecasting, etc.

42 (i) Microwaves are suitable for RADAR systems that are
used in aircraft navigation. These rays are produced
by special wacuum tubes, namely klystrons,
magnetrons and gunn diodes.

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

(iti) 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
number.

43. Refer to text on pages 332 and 333.
44. Refer to text on pages 332 and 333.

45. (i) Gamma rays has the highest-frequency in the
electromagnetic waves. These rays are of the nuclear
origin and are produced in the disintegration of
radioactive atomic nuclei and in the decay of certain
subatomic particles. They are used in the treatment of
cancer and tumours.

(ii) Ultraviolet rays lie near the high frequency end of
visible part of EM spectrum. These rays are used to
preserve food stuff. The harmful effect from exposure
to ultraviolet (UV) radiation can be life threatening
and include premature aging of the skin, suppression
of the immune systems, damage to the eyes and skin
Ccancer.

46. We know that, conduction current I, is equal to the
displacement current [ .
ie I,=1;=015A
It exists across the capacitor plates.

47. Refer to Example 2 on pages 329 and 330.

[given]

50, by applying a varying potential ditfference ot 500V/s,
we would produce a displacement current of desired
value.

48. We know that, [; = g,4 ;E
i

where, g, =885 x 107 C* N"'m™

e @)
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Area, A=lem®=10"" m*
dE
— =3x%10* Vm™ 57!
dt

I, = 885 % 107 % 107" x3x10°= 27 x10° A
49. Given, radius of plates, r=12cm =12 % 107" m
Separation of two circular plates, d =5 cm
=5x107" m
Current, ] = 0.15 A

(i) Capacitance of parallel plate capacitor, C = 54

where, A is the area of plates.
C=3.354x 107 2w 314 (12 100 2)2
5% 107
= BO0.68x 107 M F
=801%10"F =8.01 pF
Charge on the plates of the capacitor, g = CV

= 4 .9V
dt dt
v d
= 1=c-2 [.da_,]
dt | " =
av I 015
= — — =

dt € 801x107"
= 18.7x% 10° V/s
Thus, the rate of change of potential is187 x 10* Vis.
(ii) The displacement current is equal to the conduction
current, ie. [, =015 A.

(iii) Yes, Kirchhoff's first rule is valid because we take the
current to be the sum of conduction current and the
displacement current.

50. Given, radius of plates, R=6cm=6x10"" m
Capacitance of capacitor,
C=100pF=100 107" F =10"" F
Voltage of capacitor, V = 230V
Frequency of capacitor, @ = 300 rad/s

V
(i) The rms value of current, I _ = &=
Xc
1 1 10"
Xrz=e—e———— = — (]
wC  300=107" 300
230 x 300 -
I ==———=3x 231000 x107"
10
=aox 1077
=69% 107 *A
=6.91A
(11) Yes, the conduction current is equal to displacement

current.

(iii) Given, the distance of point from the axis between the
plates, r=3cm=3x10"" m

Radius of plates. R=6cm=6%10"" m
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The magnetic field at a point between the plates,

Ly
= r-I
T
= B=%; (o1, =1]

If I = I is maximum value of current, then
I=+21_,

B=2 for
2nR

_4mx 1077 x 0.03x+/2 % 69% 107°
N 27 % 0.06 % 0.06
=163x 100" T

51. Eand B vectors must be in x and y-directions.

As we know, A =L =3x—12=1um
Vo 30=10
52. For 7.5 MHz band,
§
Wavelength, A, = = 3><_1l|]d =40m
v 75 x10
For 12 MHz band,
8
3=10
Wavelength, A, = =" _=25m
e i

So, wavelength range is from 25 m to 40 m.
53. Magnetic field, B = B, sinwt
Given equation,
B=12x10""sin ( 1.20 x10” z — 3.60 % 10°1)T

On comparing this equation with standard equation,
we get

By=12x10" T
The average intensity of the beam,

BZ
fw= LI
2y
_1x{12x1a“)"x3x1u‘
2 4x %1077

= I,=171W/m"

54. (i) - Intensity, I = Power of visible light
Area
_ loox(sn00) _ Win?®
am(1)®
100 [i]
(i) 1= ——19 _ 4 10 W/m?
am(10)*

55. Given, amplitude of the magnetic field part of harmonic
electromagnetic wave,

By=510nT=510x 10" T

Speed of light in vacuum, ¢ = L

e @)
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where, E is the amplitude of electric field part of the

wave.
E
= 3Ix 10‘ = —0_9
510 X 10
= E, =153N/C
Thus, the amplitude of the electric field part of wave is
153 N/C.

56. Given, frequency of oscillation, v = 2 x 10" Hz
Speed of wave, ¢ =3 x 10* m/s

Electric field amplitude, E, =48 V/m
(i) Wavelength of wave,

D < - 3x lOw
vV 2X10
=15x10" m
(ii) The amplitude of the oscillating magnetic field,
B, wfon 8B o ex107T
¢  3x10t

(ii1) The average energy density of electric field,
1 3 :
u, = Z EQE: 1)

As, E, =cB,

Putting the value of E in Eq. (i), we get
..(i1)

! 2p2
u, =;£°-c By

1
Speed of electromagnetic waves, ¢ = 3_
[

o€o (1)
Putting the value of ¢ in Eq. (ii), we get
2
u, =lE° A } =l'B—°=M.
4 o€y 4 M,

(u, is average energy density of magnetic field)

Thus, the average energy density of the E field equals
the average energy density of B field.

57. Given, amplitude of an electromagnetic wave,
E, =120N/C

Frequency of wave, v =50 MHz =50 x 10° Hz
(i) Speed of light in vacuum,

cuie
B,
0 s
B,=Q=L'=40x1o $
¢ 3x10

=400x10"" T =400 nT
Angular frequency of electromagnetic wave,
© =21V =2x 3.14x 50 10°

®=3.14x 10* rad/s
Wave number of electromagnetic wave,

Wavelength of electromagnetic wave,
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A=set T 6.00m

(ii) Expression of electric field, E = E sin (kx — ot)
E =120sin (1.05x —3.14 x 10°1)
Expression of magnetic field B,
B = B, sin (kx —ot)
B=4x10"" sin (1.05x —3.14x 10*1)

58. (i) The given equation signifies that the electromagnetic

59.

wave is moving along Y-axis and also in negative
direction, so it moves in -j -direction.
(ii) The electric part of electromagnetic wave in vacuum,

E =[3.1cos {18 y +(5.4% 10°)}] i

Comparing with standard equation,
E = E, cos (ky + ot), we get

Angular frequency, ® =5.4x 10° rad/s

Wave number, k =1.8 rad/m

The amplitude of the electric field part of the wave,

E,=3.1N/C
T
k
= A=35m
(iii) Angular frequency, @ = 2ntv
&
v R o AR X7 o one it e

2R 2% 22
A E
(iv) As, c=—2

B,

Amplitude of magnetic field,
E 3.1

=103x10°° T
(v) Expression for the magnetic field part of wave,
B =B, cos (ky + ml)i

B=103% 10" cos (1.8 y + 5.4% 10° 1) k

Given, A,T=029cm-K

= A, =—cm

Let us take, A, =10 m=10"" cm
Required absolute temperature,

0.29
T =T.= 2900 K
10

Let us take, A, =5x10™ cm for visible region.

Required absolute temperature,

0.29

T =——= 5800 K = 6000 K
5% 10

Hence, we can find the temperature for other parts of the
electromagnetic spectrum in the same way. So, these
numbers tell us about the temperature ranges for which
atomic vibrations can produce these parts of

electromagnetic waves.
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60. (i) This wavelength (21 cm) corresponds to the radio

waves.
{it) This frequency (1057 MHz) also corresponds to the

radio waves (short wavelength).
(iii) As, T=27K
Using the formula, A _T =b=0.29 cm-K

h

0.
m =——cm=0.11 cm
27

This wavelength corresponds to the microwaves
region of the electromagnetic spectrum.

(iv) This wavelength lies in the wvisible region of the
electromagnetic spectrum.

(v) Energy, E =144 keV = 14.4 x10° x1.6 %107 ]

Frequency of wave,
E 144x16x 107"

h 66% 1074
=135x% 10" Hz

This frequency lies in the X-ray region of the
electromagnetic spectrum.

61. Given, energy of photon, E = hv
For y-rays
Frequency of y-rays, v=3x 10™ Hz
Energy of y-rays, E = hv= 6.6 107" x 3x 10
=198x% 107™]
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19. 8 x 107"
E=s—————=124x% 10" eV
L6 % 10

The source of y-rays is nuclear origin.

==

For X-rays
Frequency of X-rays, v=3x 10" Hz
Energy of X-rays, E = hv = 6.6 107 x 3x 10"

=198% 107"]

L]
. Fe 198 x llfl_l'j
1.6 %10

=1.24 x 10" eV

The retardation of high energy electron produces X-rays.

Similarly, we can find for ultraviolet rays, visible rays,
infrared rays, microwaves and radio waves.

They originate by oscillating current.

Types of radiation Photon energy

-rays 1.24 % 10° eV
K-rays 1.24 x10% eV
Ultraviclet rays 412 eV

Visible rays 2.475 eV

Infrared waves 4125% 107 eV
Microwaves 4125% 107 eV
Radio waves 1.24%107° eV
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SUMMARY

Displacement Current When a capacitor is charged, then
electric field is produced due to flow of current inside it. This
current is called displacement current. It is given by
Ls doe

at
Basic Idea of Displacement Current Ampere's circuital law
for conduction current during a charging of capacitor was
found to be inconsistent. Therefore, Maxwell modified
Ampere's circuital by introducing displacement current.

Maxwell's Equations Maxwell's equations are the basic laws
of electricity and magnetism.

Gauss's Law in Electrostatics The total electric flux through
any closed surface is always equal to itim% the net charge
£g

enclosed by the surface, i.e. fa Ed8=-L

S Eq
Gauss's Law in Magnetostatics The net magnetic flux
through any closed surface is always zero.

Faraday's Law of EMI The induced emf produced in a circuit
is numerically equal to the rate of change of magnetic fiux
through it.
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ie. pEdI= 'Z(’B

Ampere's-Maxwell Circuital Law The line integral of the
magnetic field along a closed path is equal tou, times the total
current threading the surface bounded by that closed path, i.e.

$B.dl=p(L, + 1)

Electromagnetic Waves These waves produced due to
change in electric field and magnetic field sinusoidally and
propagates through space such that the two fields are
perpendicular to each other and also to the direction of wave
propagation.

Source of EM Waves Accelerating charges produces EM
waves.

Transverse Nature of EM Waves Since, the electric and
magnetic fields in an electromagnetic wave are perpendicular
to each other and also to the direction of wave propagation.
Hence, electromagnetic waves are transverse in nature.

Electromagnetic Spectrum The orderly arrangement of EM
wave in increasing or decreasing order of wavelength of
frequency is called electromagnetic spectrum. The range
varies from 1072 m to 10* m, i.e. from y-rays to radiowaves.

@g www.studentbro.in



CHAPTER

PRACTICE
(UNSOLVED)

OBJECTIVE Type Questions

1. Out of the following options which one can be
used to produce a propagating
electromagnetic wave?

(a) A stationary charge

(b) A charge less particle
(c) An accelerating charge
(d) A charge moving at constant velocity

2. If Eand B represent electric and magnetic field
vectors of the electromagnetic wave, the
direction of propagation of electromagnetic

wave is along NCERT Exemplar
(a) E (b)) B
(c)BxE (d)E xB

3. The range of wavelength of the visible light is
(a) 10 A to 100 A (b) 4000 A to 8000 A
(c) 8000 A to 10000 A (d) 10000 A to 15000 A

4. Ife, andp, are the electric permittivity and
magnetic permeability of free space and e and p
are the corresponding quantities in the
medium, the index of refraction of the medium
in terms of above parameter is

iz
(a) —= (b) [ < )
EIl j"L{I EIZI j"L{I
112
(c) [%] (d) [w]
ELL ElL

5. The ratio of contributions made by the electric
field and magnetic field components to the
intensity of an EM wave is NCERT Exemplar

(a)c:1 byc? 11
(ch1:1 (d) /< :1

6. Frequency of wave is 6 x 10" Hz. The wave is

(a) radiowave (b) microwave
{c) X-ray {d) Mone of these
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7. Inthe following waves, which is not
electromagnetic wave?

(a) c-rays (b} y-rays
(c) Infrared rays {d) X-rays

8. The largest wavelength of electromagnetic wave
is

(a) X-rays (b} radio waves
(c) ultraviolet rays {d) infrared rays

Directions (Q. Nos. 9-12) [n the following
questions, lwo statemenls are given- one labeled
Assertion (A) and the other labelled Reason (R).
Select the correct answer to these questions from
the codes (a), (b), (c) and (d) as given below.
{a) Both Assertion and Reason are true and Reason is
the correct explanation of Assertion.
(b) Both Assertion and Reason are true but Reason is
not the correct explanation of Assertion.
(c) Assertion is true but Reason is false.

(d) Assertion is false but Reason is true.
9. Assertion While applying Ampere’s circuital law

to given surfaces with same perimeter, the left
hand side ﬁB-d‘I = 1gi(f) has not changed but the

right hand side is zero.

Reason No current passes through the surface.

10. Assertion We needed to do was to set up an AC
circuit in which the current oscillate at the

frequency of visible light ie. yellow.

Reason The above experiment demonstrates
electromagnetic wave.
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1. Assertion An oscillating charge produces an
electric field in space, which produces an
oscillating magnetic field, which in turn, is a
source of electric field and so on.

Reason The oscillating electric and magnetic field
thus regenerate each other, so to speak, as the
wave propagates through the space.

12. Assertion When the sun shines on our hand, we
feel the energy being absorbed from the
electromagnetic waves (our hands get warm).
Reason Electromagnetic waves also transfer
momentum to our hand but because ¢ is very
large, the amount of momentum transferred is

extremely small and we do not feel the pressure.

Directions (Q.No. 13) This question is case study
based question. Altempt any 4 sub-parts from this
question. Each question carries 1 mark.

13. EM Wave

Eleclromagnetic waves are transverse in nature.

ie, electric and magnetic fields are perpendicular
to each other and to the direction of wave
propagation. Electromagnetic waves are not
deflected by electric and magnetic fields.

¥ E B E B
o) X
z B E B E
Direction of propagation ——

The magnetic field in a plane electromagnetic
wave is given by
B, =2x107sin(0.5x10%x + L.5x10"1)T.
(i) What is the angular frequency of wave?
(a) 05%10° rads™
(b) 15x10" rads™
(c) 3x10% rads™*
(d) 2x107 rads™
(ii) What is the wavelength of the wave?

(a) 12.6 cm (b) 1.26 cm
(c) 1.26 m (d) 6.12m

(iii) What is the frequency of the wave?
(a) 2.39 GHz (b) 23.9 MHz
(c) 23.9 GHz (d) 20.3 MHz
(iv) The maximum value of electric field is
(a) 6x10* Vm™
(b) 6x10° Vm™
(c) 6x10' Vm™
(d) 6Vm™

(v) Write an expression for the electric field?
a =60 sin X10°x+15x10"{)Vm
(a) E, in (05x10* 5%x10")Vm™
(b) E, = 60sin (05x10°x+15x10")Vm™
(c)E. =60sin (05x10°x + 15 x 10" ) Vm™
(d) E, =60 cos (05x10°x+15x10"t) Vm™

VERY SHORT ANSWER Type Questions

14.

15.

16.

17.

Or

18.
19.

20.

21.

22

Depict the fields diagram of an
electromagnetic wave propagating along

positive X-axis with its electric field along
Y-axis.

A capacitor is attached to a variable
frequency of an AC source. What will happen
to the displacement current with the
increase in frequency?

To which part of electromagnetic spectrum
do the waves emitted by radioactive nuclei
belong? What is its frequency range?

Which part of the electromagnetic spectrum
is used in radar? Give its frequency range.

How are electromagnetic waves produced by
accelerating charges?

Write two uses of infrared rays.

Give the ratio of velocity of the two light
waves of wavelengths 4000A and 8000A
travelling in vacuum.

Mention one use of part of electromagnetic
spectrum to which a wavelength of 21 cm
(emitted by hydrogen in interstellar space)
belongs.

What is common between difference types of
electromagnetic radiations?

A laser beam has an intensity of
4x10" W/m? . What will the amplitude of

electric field in the beam?

SHORT ANSWER Type Questions

23. When a plane electromagnetic wave travels
in vacuum along y-direction. Write the

(i) ratio of the magnitudes and
(ii) the direction of its electric and magnetic

24.

field vectors.

How are electromagnetic waves produced by

oscillating charges? What is the source of the
energy associated with the EM waves?
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25. Gamma rays and radiowaves travel with the
same velocity in free space. Distinguish
between them in terms of their origin and the
main application.

26. Aradio can tune into any station from 5.5 MHz
to 16 MHz band. What is the corresponding
wavelength band?

27. Green light of mercury has a wavelength
5x107 em.

(i) What is the frequency in MHz and period in
second in vacuum?

(ii) What is the wavelength in glass, if refractive
index of glass is 1.57

28. Name the electromagnetic radiation to which
waves of wavelength in the range of 107 m
belong. Give one use of this part of
electromagnetic spectrum.

29. Findthe wavelen'Fth of electromagnetic wave of
frequency 5 x 10" Hz in free space. Give its two

applications.

LONG ANSWER Type [ Questions

30. (a) ldentify the part of the electromagnetic
spectrum used in (i) radar and (ii) eye
surgery. Write their frequency range.

(b) Prove that the average energy density of the
oscillating electric field is equal to that of the
oscillating magnetic field.

31. (a) We feel the warmth of the sunlight but not
the pressure on our hands. Explain.

(b) Which out of wavelength, frequency and
speed of an electro-magnetic wave does not
change on passing from one medium to
another?

(c) Athin ozone layer in the upper atmosphere
is crucial for human survival on earth, why?

32. (a) How are electromagnetic waves produced?
Depict an electromagnetic wave propagation
in z-direction with its magnetic field B
oscillating along x-direction.
(b) Write two characteristics of electromagnetic
waves.

33. Name the constituent radiation of
electromagnetic spectrum which
(i) is used in satellite communication.

(ii) is used for studying crystal structure.

(iii) is emitted during decay of radioactive
nuclei.
Write two more uses of each.
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34.

How are X-rays different from y-rays? Give a
detailed description.

ANSWERS

L (g 2 (d 3. (b) 4. (b) 5. (9

6. (b) 7. (a) 8. (b)

9. {a) On applying Ampere's circuital law to such surfaces
with the same perimeter, we find that the left hand side
of equation ﬁB.d! = il t) has not changed but the right

hand side is zero and not |Lyi. Since, no current passes
through the surface.

10. (c) We needed to set up an AC circuit in which the
current oscillate at the frequency of visible light, ie,
yellow. The frequency of yellow light is about
6 10" Hz, while the frequency that we get even with
modern electronic circuits is hardly about 10" Hz. This
is why the experimental demonstration of
electromagnetic wave had to come in the low frequency
region (the radio wave region), as in the Hertz's
experiment (1887).

11. (a) An oscillating charge produces an electric field in
space, which produces an oscillating magnetic field,
which in turn, is a source of electric field.

12. (a) When the sun shines on your hand, you feel the
energy being absorbed from the electromagnetic waves
(your hands get warm). Electromagnetic waves also
transfer momentum to your hand but because ¢ is very
large, the amount of momentum transferred is
extremely small and you do not feel the pressure.

13. (i) (b) Comparing with given equation, we get

®=15x10" rad s™

(i1) (b) Comparing the given equation with magnetic field

in a plane

ie. B, = B, sin [2;: [% + %)J

we get A= —3"—’m= 1.26 cm
05x 10

ii1) (¢) As we know, frequency ie., V= —————
(W) (0 1 X Time taken

v=%=£=(l.5x 10") /2% = 23.9 GHz

(iv) (c) According to Maxwell equation, electric field
ie, E,=B,c=2x 10" x 3x 10* ms™" = 6x10' Vm™
(v) (c) The electric field component is perpendicular to
the direction of propagation and the direction of
magnetic field. Therefore, the electric field
component along the Z-axis is obtained as
E, = 60sin (0.5 10° x + 1.5x 10''t) Vm™
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14. An electromagnetic wave propagating along positive 24, Refer to text on page 330.

X-axiz with its electric field Y-axiz, will have its {Source of Electromagnetic Waves)
magnetic field along Z-axis, as shown below 25. Refer to text on pages 332 and 333.
¥ 26. Here, v, =55 MHz = 55 x 10°Hz
v, =16 MHz =16 % 10° Hz
—— Direction of wave propagation s
AT Lo f_3x10
X Yv ssxaet
=0545x10°m=545m
&
E = === g5 x10?
v, 1610
15. When frequency of AC source increases, then =1875 cm
displacement current also increases. Hence, corresponding wavelengths of above frequencies
16. Gamma rays, its frequency range is 3 x 10" Hz to are 54.5 m and 18.75 m.
5% 10% Hz. ¢ _3x10°mfs

27. (i) Frequency of the wave, v = ==

-5
17. Microwaves are used in radar systems of aircraft 3X10 " em
navigation. Its frequency range is 1 GHz to 300 GHz. 3% 10%m/s .
Or T Sx107m/ =607
m/s
Refer to text on page 330. . . 1 1 i
(Source of Electromagnetic Waves) Time period, T = i = m =06x10 s
18. Two uses of infrared rays are -
(i) in weather forecasting. (ii) Refractive index, U = =
(it} in production of dehydrated fruits. 3% 10°
¢
19. As, light waves travel in free space or vacuum with the = v=== T =2x10"m/s
speed of light (3 x 10° ms™), irrespective of their K ’
wavelengths. So, the ratio of velocity of given light Also, v = .
wavesis 1: 1. A .
20. Given, wavelength, A = 21cm =0.21m = A=2=Z2X0 h3x107m
v o6x10

The range of the wavelength of microwaves is

approximately 30 cm to 1 mm. Thus, the given =33x107°m
wavelength emitted by hydrogen interstellar space
belongs to microwaves. These are used in RADAR
systems for aircraft navigation. 29. Refer to text on pages 332 and 333.

30. (a) (i) Microwave - 1 GHz to 300 GHz.

28. Refer to text on page 332,

21. Speed, in vacuum all types of electromagnetic wave

travels with same speed, i.e.3 % 10* m/s. (i) Ultraviclet (by LASIK eye surgery)-10"* Hz to 10" Hz.
a1 (b) Refer to text on page 331 [Important Characteristics of
22, We know that, £, = |— Electromagnetic
Eof Waves (vii)]
_ j 2% 4 x10" 31. Refer to text on pages 332 and 333.
B VEBS * 107 % 3 x 10" 32. Refer to text on page 331.
=5489 % 10* N/C 33. Refer to text on pages 332 and 333.

34. Refer to text 333,
23. Refer to text on pages 330 and 331. eler fofext on page
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