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3-\94acteristics of Electromagnetic Waves

() The electromagnetic waves travel in free-space with the speed of light ¢ = 3 X 10° my/s)
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romagnetic waves show propertes of reflection,

, and polarisation.
) In electromagnetic wave the electric and magn

(v) The ratj :
o ratio of magnitudes of electric and magne

ed by electric and magnetic fields.
refraction, interference, diffraction

etic fields are always in the same phase.
tic field vectors in free space is constant equal

2o T g 10%m/s
B Vo€

(vi) Th
€s . : . : :
peed of electromagnetic waves 1n a material medium 15

given by

ive index.

I

1 C c y )
LS —, wherenis the refract

[NO[Q!W\ LE lJ'TEr “

¢ also
us :
€ U for refractive index]

Electromagnetic



(vit) In an electromagnet!

c wave the energy 1s propagated by means of ele.
n of propagation of wave.

T

A

| cicw i Bngy
vectors in the direc | i
(viii) 1 electromagnetic wave the average values of electric energy density Wy ’
viif) In |
density are equal N ]

(ix) The ele

the light vector.

i 3 mentun E =
(x) Electromagnetic waves carry energy and mo

2
1 9\ _ (B
(_2__ EOE )a'u ( 2'—‘-0 )G'U

ctric vector of electromagnetic W

4. Transverse Nature of Electromagnetic Waves

The electromagnetic waves are tr
magnetic fields are mutually perpen

propagation, such that E,B and K forma right handed set (K is propagation veaich
on

ave is responsible for optical effects b
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dicular and also perpendicular to the directig, tric
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5. Electromagnetic Spectrum '
The electromagnetic waves have a continuous wavelength starting fl'.()m short gamm, rays,
radiowaves. The orderly distribution of w.avelength of EM waves is called the electromaolonl
spectrum. The complete spectrum is given in the following table: gnef
S.No. | Name Wavelength Range (m) Frequencm)“\
I Gamma rays 1072 - 107" 3 x 10% -3 x 1018
ii. | X-rays 10710~ 107 3Xx10%-3x 196
iil. Ultraviolet rays 10°-4x107 3. %10 = 7.W
iv. | Visible light 4x107-75% 107 75 x 10 -4 x g8
v. Infra red light 7.5 x 107 -107 4 x 10 -3 x 10"
Vi Microwaves 10°3-10"! 3 x 102 - 10°
vii. | Radio waves 107 - 10 10°-3 x 10*

6. Wavelength Range of Visible Spectrum

Visible light has a continuous wavelength starting from 400 nm to 750 nm; for convenienceiti
divided into 7 colours.

\Y Violet 400 nm — 420 nm
I Indigo 420 nm — 450 nm
B Blue 450 nm — 500 nm
G Green 500 nm — 570 nm
Y Yellow 570 nm — 600 nm
o Orange 600 nm — 650 nm
R Red 650 nm — 750 nm

7. Uses of Electromagnetic Spectrum

. » ] - H ! e .art
@) y-rays are .h.lghl)’ penetrating, they can penetrate thick iron blocks. Due to high energ): g izi .
used to initiate some nuclear reactions. y-rays are produced in nuclear reactions. In me

they are used to destroy cancer cells. Jung®

e : : ‘ . . of Jung®

(i) X-rays are used in medical diagnostics to detect fractures in bones, tuberculoslsk‘){]aws in

t}:r_esence of stone in gallbladder and Kidney. They are used in engineering t0 chec
. ridges. In physics X-rays are used to study crystal structure. sed !
i) Ultravi ide vitami . rare P,
(11) tljalwolet. rays provide vitamin D. These are harmful for skin and eyes. The_}.al Writing

;tenh(sieddrmkmg water and surgical instruments, They are used to detect invisibl¢

orged docu ints i i i

g ments, finger prints in forensic lab and to preserve food items.
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duced by hot bod;j
rays are pro y odies and mo]
(i) Iﬂﬁare hotogl‘aphy and for therapeutic Purposes0 scules. These waves are used for long 4
l .

. tance P 1
st e a7 produced by spec1al vacuum tubes, namely: k]
(v) Micfo‘ Their frequency range 1s 3 GHz to 300 GHz. M &
diode®

: AR system ircr loati
ysedin RAD y s for aircraft navigation and microwave used in
in homes.

s are used for broadcasting programmes to _
the(; e divided into following groups o distant places. According to frequency
ngt
0) Medium fre ‘
(@ waves or short frequency band 3 MHz — 30 M, ﬂ

quency band or medium waves 0-3 to 3 MHz

o Very high frequency (VHF) band 30 MHz to 300 MHz
¢

Ultrahigh frequency (UHF) band 300 MHz to 3000 MH?z

”
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une into 377 atatiominithe 75iMEy 10,19 gy, band. What is the corresponding
. can
o and
4 a =

Arvelel‘gthb _ g x 10° ms

8 av

;eed of ¥ y. = 7.5 MHz = 7.5 x 10°Hg, Wavelength A = . 3x\108 -
ﬁl P]Crl reque™? I X PITT =40m

o =i »13X]10

vy = 12 MHz, wavelength A, V. = T =%m
ﬁequency 2 12x10
e . 40 m.
h band 18 from 25 m tf) m .

\\'aveleng ude of the magnetic field of a harmonic electromagnetic wave in vacuum is

e ampl;« What is the amplitude of the electric field Part of the waye »
h Bo;slo‘f ' L erween magnitudes of magnetic and electric field vectors in vacuum is

The relatio”

Lt ﬂ =c = EO = BOC

By -9 e 8 -1
o 510nT = 510X10 T,C = 3><10 ms
]-[ere, BO

-9 8 _
E0=510x10 x3x10° = 153 N/C.

| Suppose that the electric field amplltudfa of an electromagnetic wave is =9l N/_.C i tlmt
isfrequency V = 50.0 MHz. (a) Determine By, o, k and ). (b) Find expressions for E and B,

E, E 120

- il - -
; (a)Wehaveﬁg—c = B, c T 3x10° 4X107'T
® =271V =2X3.14 X 50 X 10° = 3,14 X 10® rads-!
3.14x10° ;
=2 = \;) = 1.05 radm™!
B 3X10
% 108
Wavelength, A\ = < = 3\106 = 6.00 m.
V' 50.0x10
0) If wave is propagating along X-axis, electric field will be along Y-axis and magnetic field

along Z-axis,

E= Eqgsin (kx - wt); where x is in m and ¢ in s
 E=120sin(L05 ¢ - 3.14x 10%) } N/C

B= Bsin (kx - a)t)lz

= X107 sin (1.05 x - 3.14x10%0) f tesla.

'
Plan . ; _
Wy l()”:3 electromagnetlc wave, the electric field oscillates sinusoidally at a frequency of

(o) What ; vand amplitude 48 V™!,

S th
) Wha j t ¢ Wavelength of 5 wave?

y Shoy ¢ © 2mplitude of the oscillating magnetic field?

t .
"ihe Ba the Average energy density of the electric field equals the average energy density

\ ﬁe]d. [c = 3 x 108 =1

N ms ]

=i‘3x\108 1.5 102
= = 1B % 1
by B, 2X10° .
STe 8
c = 7
(c)Ener X108 = 1-6X107 tesla

e
ity of electric fielq is
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Io%: %2
Ug = §EOE
Energy density of Magnetic field
1 po
='=—58
B 2""0

here g 18 permittivity of free space and

w
eability of free space

Ho is perm
We have, £ = cB
1 E3i:9 _1_ 2
0, = vegen? = ¢ (geit)

But C= "
u o€

Q. 8. Suppose that the electric field of an electromagnetic wave in vacuum is

E ={(3.1N/C)cos(1.8 rad/m) y + (5.4X 10° rad/s)t}i
(a) What is the direction of propagation?
(b) What is the wavelength A?
(c) What is the frequency v?
(d) What is the amplitude of the magnetic field part of the wave?
(e) Write an expression for the magnetic field part of the wave.

Ans. (a) Wave is propagating along negative y-axis.

(b) Standard equation of wave is

E= E,cos(ky + wt)i

Comparing the given equation with standard equation, we have

Ey= 3.1 N/C, k = 1.8 rad/m, ®=5.4 x 10°rad/s.

Propagation constant k = T?t
2n 2X3.14
A=—=—-—— =
X 18 m = 3.49m
(c) Wehave o = 5.4 x 10° rad/s
6
requeniyip R BAXI0 o L
quency, v =5 9%x3.14 Hz = 8.6x10°Hz
(d) Amplitude of magnetic field,
E
_ o 3.1
By=— = - =1.03x10°T
310 pdeds”
(¢) The magnetic field is vibrating along Z-axis because E,E ,E form 2 right
—jxi="h

~- Expression for magnetic field is

B = B, cos(ky + wt)k

- k
= [1'03x10-8TCOS{1.8 rad/m) y + (5.4x106rad\/5)t}]
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propagation of electromagnetic waves in a medium

s double of the magnetic energy density.
s half of the magnetic energy density.

al to the magnetic energy density.

94. During the

(a) electric

() electric energy d )
density 1s €qu

agnetic energy d

energy density !
ensity 1

(c) electric energy

icand m ensities are zero.
(d) both electricand I

ers
Answers v B0 ) 5. (b)
1. () 5. @) 9. () 10. (¢) 11. (d)
7. (d) 15. (b) 16. (c) 17. (c)

, 14. (a)
;g ((Z)) 20. (), (@) 21. (a) 22. (c) 23. (a)

Very Short
Each of the following questions

Q. 1. How is the speed of EM

Ans.
magnetic field vector.
E,
c=—
B,

Q. 2. Do electromagnetic waves carry energy and momentum?

Ans.

and magnetic fields, there is a non-zero energy density associated with it.
hc

A

U
= =7c - mc
Here, ¢ = speed of EM wave in vacuum
A = wavelength of EM wave

U = total energy transferred to the surface.

Q. 3. In which situation is there a displacement current but no conduction current?

.waves in vacuum determined by the electric and magnetic
tlas;

. [CBSE Dely;

Speed of EM waves is determined by the ratio of the peak values of electric fie]q vect
I,

[CBSE (AI) 2017; 2019, 554

Yes, EM waves carry energy E and momentum p. As electromagnetic waves contain both el

[CBSE South 2l

Ans. During charging or discharging there is a displacement current but no conduction curt

between plates of capacitor.
Q. 4. The charging current for a capacitor is 0.25 A. What is the displ

plates?

acement current across

[CBSE (A X!

Ans. The displacement current is equal to the charging current. So, displacement current 8

0.25 A.

Q. 5. Whatare the directions of electric and magnetic field vectors relative to eacho )
[CBSE Al

i
erpend

to the direction of propagation of electromagnetic waves?

s. Both electric field and magnetic fields are electromagnetic waves. These waves ar¢ P

to each other and perpendicular to the direction of propagation.

Q. 6. How is displacement current produced between the plates of a parallel plate capacitor a
[(CBSE 20200

charging?
Ans. Displac : . :
placement current is produced by time varying electric flux and electric

dielectric medium
between capacitor pl ST
ates th nd
charges. P at leads to polarisation a
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Ans.
0. 13..

Ans,
Q.14

Ans,
0.15,

Ans,
0.1,
Ang,

0,

g,

H
Uiy, N

' direCtion o

, Me

. n conduction :
.fferentlate petwee current and d’SP'aCemem
)t Current,

Juction current is established by actua] movem
on while displacement current is establisheq

ce of an external electric fie]q.

[CBSE 2020 (55/1/3)]

s through a metallic
olecules of 3 dielectric

ent of free electron

or e
condua by Polarisation of m

der the influen
unl . . .
. spced of an electromagnetic wave in a materjq] medium jg g

Th given by y =

ability

—_—

‘/E y 1L being the

of the medium and ¢ its permittivity, Hoyw does its fr
€quency change?

perlne

. . C .
plectric field vector along X-axis and Magnetic field vector along Y- [CBSE Delhi 2011]

ation one use€ of part of electromagnetic spectrum to which
gen in interstellar space) belongs.

axis,

a wavelength of 21 cm (emitted
by hydro : - . [CBSE Sample Paper 2021]
This cavelength belongs to microwaves. It is used in radar system in aircraft navigation

To which part of the electromagnetic spectrum does a wave of frequency 3 x 10"° Hz belong?

g [CBSE (4I) 2014]
[nfrared radiation

_ Arrange the following electromagnetic waves in order of increasing frequency:

1 -rays, microwaves, infrared rays and ultraviolet rays. [CBSE (F) 2014]
Microwave < Infrared < Ultraviolet < v -rays
Arrange the following electromagnetic waves in decreasing order of wavelength:

v -rays, infrared rays, X-rays and microwaves. [CBSE (F) 2014]

Microwave > Infrared > X-rays > 7 -rays

Which part of the electromagnetic spectrum is used in operating a RADAR?
[CBSE Delhi 2010; 2019 (55/2/1)]

Microwaves with frequency range between 100 to 10'2 Hz are used in operating a RADAR.

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

Microwaves are considered suitable for radar systems used in aircraft navigation due to their

short wavelength or high frequency.

. . ?
Which part of the electromagnetic spectrum is absorbed from sunlight by ozone layer:

[CBSE Delhi 2010]

Ultraviolet light is absorbed by the ozone layer.

Welders s yes from

lass windows to protect their e
ge of their frequency.

[CBSE (4]) 2013]

ele ar special goggles or face masks with glass
ctromagnetic radiations. Name the radiations and write the ran

Ultraviolet radiations.
T
“Quency range 10'° - 10'"Hz.

Int; 14 .
FrequellCY of visible light is of the order of 10" Hz. cmth and (i) are used in

am . RO th’s w
air S eleCtromagnetic waves, which (i) maintain the Ear [CBSE (F) 2012]

Cra S = R
ft Navigation,

()1
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N

ns referred to as heat waves? Name the radjy,

.19. Why are infra-red radiatio ) : . io
Q o t}};ese radiations in the electromagnetic spectrum having (i) shorter ‘Vav:]Se 'hicha
n b
wavelength. . 1 [CgBth i.‘);
Ans. Infrared wavesare produced by hot bodies and molecules, 5o are referreq ,,, i Sp (‘);
A N

. . ‘o short wavelength than infrared v
(i) Electromagnetic Wave haying g VAVES are vigy. "
) Uv

and y-rays. leneifithan ink X
. i n an in
Electromagnetic wave having longer waveleng ared waves are iy,

(11)
waves. Owav%
Q. 20. How are X-rays produced? : . ' [CBSE
Ans. X-raysare produced when high ex?erge.tlc electron beam is made incident Oname _(41) 2
d high atomic weight. tallj y

high melting point an
Q. 21. Write the following radiations in as.cendmg order in respect of their frequ% )
ultraviolet rays and radiowaves and gamma rays. [CBsp

microwaves,

Ans. In ascending order of frequencies: radiowaves, microwaves, ultraviolet rays, Xerays 2
rays. Mgy

Q.22. It is necessary to use satellites for long distance T.V. transmission. Why? [CBSE Delh;')
[

Ans. T.V.signals are not properly reflected by ionosphere. Therefore, signals are made 1, ,

to earth by using artificial satellites.
Q. 23. Optical and radiotelescopes are built on the ground but X-ray astronomy is possib|, only
a satellite orbiting the earth, why? [CBSE Al)’zi
Ans. The visible radiations and radiowaves can penetrate the earth’s atmosphere byt Xray
absorbed by the atmosphere.

Q. 24. Name the electromagnetic radiations used for (a) water purification, and (b) eye -
[CBSE Y

reﬂe

Ans. (a) Ultraviolet rays
(b) Ultraviolet rays/laser
Q. 25. How are electromagnetic waves produced by accelerating charges?
Accelerated charge produces an oscillating electric field which produces an osila
magnetic field, which is a source of oscillating electric field, and so on. Thus electromag

[CBSE 2019 (55
Ans.

waves are produced.
Q. 26. Why did Maxwell introduce displacement current in Ampere’s circuital lav
Ans. Ampere’s circuital law was found inconsistent when applied to the circuit for charging acp
Therefore, Maxwell added displacement current to usual conduction current.

v?

The displacement current is

E . :
I, =g, = where ¢ is the electric flux.

. . . i i | imu
Q. 27. From the following, identify the electromagnetic waves having the (7) Maximufm i i
frequency.
(a) Radio waves (b) Gamma-rays
(c) Visible light (d) Microwaves
(e) Ultraviolet rays, and (f) Infrared rays.

Ans. (i) The waves of maximum frequency are gamma rays.

(1) The waves of minimum frequency are radio waves.
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Q,31.

Ans.

. jentation of the portabl S
(s the O P e radio with respect to b
roadcastin :
g station im
portant?

iy
[NCERT Exemplar] [HOTS]

etic waves are plane polaris
e
d, so the receiving antenna sh
na should be
parallel to

agnetic part of the wave.

s ? pamlli: o cagadtor VAreS asis qo cos 2mot. Tl
ther area = separation = d). . vt. The pl
1 ) ). Neglecting the e Cffect: ?tczarc very large and
b m thc displachen
t

gh the capacitor?
_ Displacement current I, [NCERT Exemplar] [HOTS]

The Cha
lose toge
current throt!
Gonductiorl current e
[ =2 =2 gycos?
=i~ at dt go €O 2MVL) = ~2mq,Vsin 2mvt

A cariable frequency a-c source is connected to a capacitor. How wil ;
chang€ with decrease 11t frequency? Wi [;\;(};e displacement current
ERT Exemplar] [HOTS]

On decreas

duction current. In this
n surprised his students b i
y suspending freel i i i
. o y a tiny light ball
amber by shining a laser beam on it. Which property of egm w;'esl::az
[NCERT Exemplar] [HOTS]

:he the frequency, re Bl iy
ing q y, reactance X, = oC will increase which will lead to decrease in

case Ip = I, h i
p = I, hence displacement current will decrease

con
professor C.V. Rama
yacuum ¢
> Give one more example of this property

diation pressure. Tails of comets are due to solar radiation.

iransparent
he exhibiting
Electromagnetic waves exert ra

Fach of the following questions

0.1

Ans,

Q.2,

A,

are of 2 marks.

ctromagnetic waves. How can we show that EM waves carry

State two properties of ele
[CBSE South 201 6]

momentum?
Properties of electromagnetic waves:

(i) Transverse nature
(i) Does not get deflected by elect
(iif) Same speed in vacuum for all waves
() No material medium required for propa

(1) They get refracted, diffracted and polarise
kept norm

by the electric a
omentu

ric or magnetic fields

gation
d
al to the direction of propagatio
nd magnetic field of the

m from the waves:
urrent through 2 capacitor when 1t 1S
in terms of the

n of an EM wave

Electri
¢ charges present on a plane,
electromagnetic

\c::v be set and sustained in motion

Ho:'(;rhe charges thus acquire energy and m

being C(Les Ampere-Maxwell law explain the fl

Tate of arged by a battery? Write the expressio

Duri change of electric flux.

i A

the pri:;har.glng, electric flux between the plate

uction of a displacement current betwee

d
I,= eo(_‘}tﬁ)

s of capacitor kee
n the plates:




Q. 3. Write the gcncraliscd expression for the Ar.npere’s i:ircuital law in ¢,
i current and the displaccmcnt currcn.t. Mention the situation when ther
and no displacement current.

| (i) only conduction current .
(ii) only displacement current and no conduction current.

I Ans. Generalised Ampere’s circuital Law— [CBSE(
. hzo
= dby ‘
§ B-dl = polct o€y

> Of th,
€1s; )
nd"‘t

Line integral of magnetic ficld over closed loop is equal to p, times sy, of cong
Ndye:
and displacement current. ‘ Uctig, "
(i) In case of stcady electric field ina conc!uctmg wire, electric fielq doe !
time, conduction current exists in the wire but displacement Curreng ';a OLcha"ge
jB.dl — 'J'OIC' T().&‘

(i) Inlarge region of space, where there is no conduction current, but there i onlyaq
3 isplac
; : pir t
current due to time varying electric field (or flux). So, ¢B.dl = ”OEO‘TE
®

Q.4. (a) How does oscillating charge produce electromagnetic waves?
(b) Sketch a schematic diagram depicting oscillating electric and magnetic fielq, of 2

propagating along + z-direction. [CBSE () 2014 Dn I;:nw
y Ug) 20

Ans. (a) An oscillating charge produces an oscillating electric field in space, whic
oscillating magnetic field. The oscillating electric and magnetic fields regener,
and this results in the production of em waves in space.

(b) Electric field is along x-axis and magnetic field is along y-axis.

Produc
te each o)

X )

AT
WP

z

y

Q.5. (a) An EM wave is travelling in a medium with a velocity ; = i . Draw a sketch showing
propagation of the EM wave, indicating the direction of the oscillating electric and m

fields.
(b) How are the magnitudes of the electric and magnetic fields related to the velocity Ofl.hf]
wave? [CBSE Delhi 0

Ans. The direction of propagation of electromagnetic wave is given by EXB

‘.‘=".xk'
(@ i=j Y‘f

Envelope of E

A

Z —p

Envelope of B
(b) The speed of clcctromagnclic wave [¢|= E
|Bo|
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? ) netic ini
following electromagnetic waves hag (a) Minimym Wavelength
40 the . ¢ one use of each of these two waves,
w2 Wi
e

g n Microwaves, Y-rays and X-raysg
1

: s
{ um wavelength. y ray

inif® : Mi aves
o) Mmf frequency: Microw
i ) 1\‘linlml”"are used to treat cancer.
A y 1ays ves are used for communication via satellite,

:rowa

Micro

. frared waves produced? Write thejr one importang use,
in
ware

6

sand (b) minimum

Q,

[CBSE 2020 (55/2/1))

0 H°

. one layer on top of the stratosphere ig crucial for human survival, Why?
¢t i The thin ©
I

' [CBSE East 2016; 2019 (55/4/1)]
od waves are produced by hot bodies an( molecules,

frar ;

) In t use:

,1n5' ( Importanat muscular strains (b) To reveal the secret
0 ”(Ii'ocfirr::g dehydrated fruits (d) Solar heater ()
pro i]ayer protects us from harmful UV rays.

(i) ozo'ﬂh segment of electromagnetic waves has highest fre
n (i Wh:;uced? Give one use of these waves,
: P ves lie near the high frequency end of visible

) Which EM v

part of EM spectrum? Give its one
In what way this component of light has harmful effec
use.

ts on humans? [CBSE (F) 201 6]
Gamma rays have the highest frequency. These are produced during nucle
() G2

ar reactions and
also emitted by radioactive nuclei. They are used in medicine to destroy cancer cells.
i’ violet rays lie near the high frequency end of visible part of EM spectr}m?. 'I'?]ey are
? Ult;ato sterlise drinking water and surgical instruments, Exposure to UV radiation induces
?}: production of more melanin, causing tanning of the skin.
9, Explain briefly how electromagnetic waves are produced b
03 frequency of EM waves produced related to that of the osc

writin

Bs on the ancient walls (c) For
Solar cooke

I (Any one)

quency? How are these waves

y an oscillating charge. How is the
illating charge?

[CBSE (F) 2012, 2019 (55/2/3)]
. An oscillating or accelerated charge is supposed to be source of an electromagnetic wave.
i An oscillating charge produces an oscillating electric field in space which fu.rtht.ar produSes an

oscillating magnetic field which in turn is a source of electric field. These osc.lllaung .elecmc and

magnetic field, hence, keep on regenerating each other and an electromagnetic wave is produced

The frequency of EM wave = Frequency of oscillating charge.

Mo, Wdentify the electromagnetic waves whose wavelengths vary as
®10"%m <), < 108 1y

(6)10°m <2.<10" m
Write ope use for each.

[CBSE (Al) 2017}
i f cancer.
- ) Xerays: Used as a diagnostic tool in medicine and as a treatment for certain forms of can
) ) Microwayes Used in radar systems for aircraft navigation.
') Explain briefly

the fact that electromagnetic waves carry energy.
b
Aﬂ, ( ) Why do we not,

B oSy [CBSE 2020 (55/3/1)]
; feel the pressure due to sunshine?
Q) ConSider a p]an

] romagnetic wave.

€ perpendicular to the direction of}?ropagauond(’fﬂ:aiii b mgtion by the

l €Te are, on this plane, electric charges, they will be set an ;ur es thus acquire energy
e: ric Magnetic fields of the electromagnetic wave. The charg

(b) Tomentym fy om the waves.

Shitude of torg) mom =g is the total energy
‘ i = — where Uist
tran fa 'tude of tor entum delivered to a surface p 7
Wh Serred 1o a surface in time ¢.
e

i ves
n lectromagne[lc wa
and j ells Y i o our halld. Ihe energy 1S abSOI'bed fron} [h:re ; all i t
f(' l lt - Sfers tum to our hand since ¢ 1s very large,[) 1S very sm and do no
€ lhe pressure.

Electromagnetic




