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TOPIC : ELECTROMAGNETIC WAVES

EXERCISE#1

32. Velocity of light waves in material is
V =nA .. (i)
Refractive index of material is
c

p=Vv (D)
where c is speed of light in vacuum or air.
<
or p= Nk ...(iii)
Given, n=2x 1014Hz
A =5000 A = 5000 x 10-10m,
c=3x%x10sm/s
Hence, from Eq. (iii), we get
3x108

w= 2x10™x5000x107"° _ 30

33. The amplitudes of the electric and magnetic fields in free space are related by
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In figure, electric field vector (E) and magnetic field vector (B) are vibrating along Y and Z directions
and propagation of electromagnetic wave is shown in X-direction.
Hence, electric and magnetic fields are in phase and perpendicular to each other.

34. Velocity of electromagnetic radiation is the velocity of light (3), ie,

1

VHo &g

where o is the permeability and o is the permittivity of free space.

74. For electron to pass undeflected,
electric force on electron = magnetic force on electron -
E IEJ
e, eE=evB or v=B or v= Bl
82. Electromagnetic wave require no medium for their propagation.
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EXERCISE # 2
The wavelength order of waves are given below :
Waves Wavelength (in A)
(1) X- rays 1Ato 100 A
(2) Ultraviolet rays 100 A to 4000 A
(3) y- rays 0.001Ato1 A
(4) Cosmic rays upto 4 x 104 A

Thus, Cosmic rays have the minimum wavelength

C

Velocity = H and p decreases as wavelength increases i.e., pr < pv
=4 Hr < Hv

Here: Velocity of electromagnetic waves in free space and wavelength
v=3x10sms and A=150m
Using the relation for the frequency of radio waves is given by

v 3x10°
v=* 190 =2 x10sHz - 2 MHz

As velocity of light is perpendicular to the wavefront and light is travelling is vacuum along the y-axis,
therefrore, the wavefront is represented by y = constant.

h L
E=hv=—Zo—
Energy E « AoA
we know that Ainfrared > Avisible

E infrared < Evisible

E=6.3] (wm)and  f=20MHz

—
L . - (Exl?:j
direction of propagation = Kk ||

- - - .
BZ%(_i):(_i)sfés T

=21x10sT (=)

EXERCISE # 3
PART -1

then

Comparing the given equation

2-5ECOSH2EX106 Ejt—[nx10—2 E}X:|
g = © sec
, =

With the standard equation
Ey = Eocos(wt — kx)
we get
w = 2nf =2 x 106
f=106 Hz
Moreover, we know that

2n
A =k=nx102ma = A =200m
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10.

11.

&

Both electric and magnetic field vectors are perpendicular to each other perpendicular to the direction of
propagation of wave.

As given E = 10cos(10+t + kx)

Comparing it with standard equation of e.m. wave,

E = Eocos(wt + kx)

Amplitude Eo =10V/m and w = 10- rad/s

oh , _2mc _ 2mx3x10°
s ==
wc=wA= 21 or @ 10 =188.4m
Also
7
. ® k=2 10

“K oor  © 3x10° Zgo33

The wave is propagating along —x direction. Since (wt + kx) remains constant so as t increases x must
decrease so, wave is propagating in —x direction.

w =6 x 10s;

o 6x10°

v = 3x10° =2ma

1 1B?

U= 2 = Ho
B2
EoMlo = E2

B .1
oMo c

Frequency of microwaves = Resonant frequency of H.O molecules. So there is resonant absorption of
microwave
Eo= \/EErmsz \/Ex 6 V/Im
E_O 3 \/E x 6
T a_4n2
Bo= C  3x10° = 241087 =2x1414x 10 T=2.828x 10 T

¢ — X direction
E—y direction

B — +Z direction
E

B

Wavelength is maximum for red.

Q=cCcv
aQ av v
dt —j=cdt=20uFx S =60pA

For circuit to be completed displacement current should be equal to conduction current.
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1 3x10_ 3x108
12, V= \F _ Vbotoie, _ 1x144 _ 12
V=25x 108 m/s
PART - Il o
1. Direction of polarization is the direction of electric field and wave propagation along ExB which is
direction of propagation.
1E|

=c=E=|B]c
2, |BI =20 x 10-0 x 3 x 10s = 6 V/m.

Both the energy densities are equal.
Option 4 Is Correct

P
5. Intensity | = 4nr?
760 ESXC
I=
P2 =—g ngc
g2-_ % 2x0.1x9x10°
dneyr’c _  1x3x10°

Eo = V6 =2.45V/m

6. Y X U V I M R
X Rays VIBGVORX MW RW

I . .
T Ll Ll

— ) L increasing
Hence energy of radio wave will be minimum and maximum for X ray.

7. C = Speed in air
V = Speed in medium
v_1
c 2
=1
H, (Non-magnetic)
V_ |51 & _1
C \e 2 g 4
2 = 2
8. Energy is equally distributed in electric field & magnetic field
E
9. B=C=>E=B.C.=10%x3x108v/m=3x10%v/m

10. V(t) = 10 [1+ 0.3 cos (2.2 x 10%) sin (5.5 x 105t)]
V(t) =10 + 1.5 [sin (572 x 103t) + sin (528 x 10%t)]
we get, wL + wc = 572 x 108 = 2nfy

fi =572 x 10%/2rt = 91 kHz
wL—wc = 528 x 103 = 2nf
fo =572 x 10%/2rn = 84 kHz

E g

11. In air B,
In the medium of refractive index = n

2
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E C
B n
It is possible if
& By _
E= vn ang B=BeVn . B
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