1. ELECTROMAGNETIC WAVES 4. SPEED OF EM WAVES [ 5. RELATION BETWEEN
E AND B

» Electromagnetic waves consist of ¢ Produced by accelerated : r

oscillating electric field (E) and (oscillating) charges. * Transverse in nature. 1 j

magnetic field (B). « When a charge oscillates, it * Do not require any material C = "—\/’:— E=c¢B

'« E and B are perpendicular to each creates a changing electric field. medium for propagation. 0%0 ) Wik
A ere,

e a"g £0;£356 sSoscxion ot « A changing electric field produces |  Can travel in vacuum. Where, ' _

propagation. a changing rnagneﬁc field. s x 12 o E - Electrlc ﬁeld (N/C)
e They are transverse waves. « Obey all wave properties: £y = 8854 x 10"“ Fm e

* This mutual generation of reflection, refraction, diffraction, B = Magnetic field (T)

po =47 x 100" Hm™'

E and B fields propagates interference and polarization. ¢ = Speed of light in vacuum
outward as an EM wave.
In vacuum,
) RO T . ¢ = 3.00 x 10° m/s E _ e
Key Point B
S EM waves can travel in Speed of light (c) is the
vacuum with speed ¢ maximum possible speed Thus, E and B are always
= ) Antenna with but sound waves cannot. in the universe. | . h'
E 1 B 1 Direction of pmpagation J oscillating charge ) g J In phase.

6. ENERGY IN EM WAVES 8. EM SPECTRUM (COMPLETE RANGE)
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Energy is equally shared o Avarage intensityii o8 Order of Increasing Frequency (f) and Energy (E)

between electric field and EM I - v v — = ~ - L -
magnetic field. wave & proportlf)na. e Radio Microwaves Infrared Vif'b'e Ultraviolet X-rays Gamma
« Energy density (u) in vacuum: the square of electric field Waves Waves Light Waves Rays
amplitude. |
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9 * More the electric field, - _ Order of I_ncreasmg Wavelength ( (A)
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Total energy = Electric energy (W/m?) Key Points
+ Magnetic energy e Frequency ' — Energy T — Wavelength | = | Where, A = wavelength (m)
‘ S n o C= )‘f f = frequency (Hz)

* All EM waves travel with same speed (¢) in vacuum.

IN EM WAVE

c

. : o * EM waves carry momentum. Radio Waves Broadcasting, communication
v/ Travel in straight line in a Variation with time at a point ;
homogeneous medium, E \ E 4 Microwaves \ Radar, mobile, satellite,
A g ) | P E, microwave ovens
v/ Do not require material medium. c /\ /\ :
‘ Where, E = Energy of EM wave. > ¢ Infrared Heat lamps, thermal imaging,
v Obey laws of reflection and s 9 2 remote controls
i » Radiation pressure (P) exerted on a : |
refraction. : -Ey
perfectly absorbing surface: Period = T Visible Light Vision, photography,
v/ Show diffraction, interference I | B illumination
and polarization. = ‘E B, /\ /\ ‘ Ultraviolet Sterilization, detecting
v/ Carry energy and momentum. « Radiation pressure on a perfectly | 0 — , i bbb eiaais
reflecting surface: - Medical imaging, securi
v/ Can travel in vacuum with speed c. - | - By At : ) e ey
p 21 Period = T | scanning
= z | —Eia;d T PES o o Gamma Rays Cancer treatment, sterilization
Where, I = Intensity of EM wave. | }l sinusoidally with time. of equipment
13. IMPORTANT DIAGRAMS 14. KEY FORMULAS SUMMARY
(i) EM Wave in Space (i) Wavefronts (if) Plane Wavefronts :
* Speed of EM wave: ~* Energy density: + Radiation pressure (absorbing):
c= =3 x10°m/s u=~¢gE*+ — B* P !
$/ Hoky | 2 2p ¢
[ 28 Bl —’
: e T f * Relation between E and B: * Intensity of wave: « Radiation pressure (reflecting):
A -‘. .‘“. v 23 i _-"-'. ."' -
Direction of E=c¢B I x E? p= 21
propagation (v) N iome’ o=
) , - N S * Wave equation: * Momentum of EM wave:
E L B 1 v and all are mutually ‘ ‘ Spherical wavefronts | Plane wavefronts in | E
perpendicular from a point source direction of propagation | c=Af e

| 16. KEY POINTS 17. EXAM FOCUS (HIGH WEIGHTAGE ToPics) N |
REMEMBER -,@;

e £ = 8.854 x 10 2 EFEm! EM waves are transverse and can travel in vacuum. Nature and properties of EM waves
‘ . . - -
(Permittivity of free space) / Electric and magnetic fields are perpendicular to each other Derivation of speed of light: ¢ = ! E and B are
o gto =47 x 107 Hm™ 20 80. CHREN00. OF Propagimn. Relation between E and B (E = cB) ¥ H0¢0 created by
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(Permeability of free space) v/ All EM waves travel with the same speed (c) in vacuum, EM spectrum order and uses each other
v/ Higher the frequency, higher is the energy. . ; : and travel
e ¢ =3 x 10° m/s (Speed of light in vacuum) 0 r: w Energy density and intensity
v/ The complete range of EM waves is called EM spectrum. together!
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