DPP - Daily Practice Problems
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Date : Start Time : End Time :

PHYSICS  (cr2)

SYLLABUS : Electromagnetic Waves

Max. Marks : 180  Marking Scheme : (+4) for correct & (—1) for incorrect answer Time : 60 min.

INSTRUCTIONS : This Daily Practice Problem Sheet contains 45 MCQs. For each question only one option is correct.
Darken the correct circle/ bubble in the Response Grid provided on each page.

1.  An electromagnetic wave in vacuum has the electric and (b) Electric energy density is half of the magnetic energy

magnetic field E and B, which are always perpendicular to density.

(c) Electric energy density is equal to the magnetic energy

each other. The direction of polarization is given by X and density.
that of wave propagation by k . Then (d) Both electric and magnetic energy densities are zero.
. L . . 5.  Anelectromagnetic wave with frequency @ and wavelength
@ X||Band k|[BxE (b) X || Eand k|| ExB ) travels in the +y direction. Its magnetic field is along + x-
oy = = = — 0 = 0 = = axis. The vector equation for the associated electric field (of
(© XI[Band k[[ExB (&) X || E andk || BxE amplituder: ) s
2.  Therms value of the electric field of the light coming from 5
the Sun is 720 N/C. Thp average total energy density of the @ E=-E, cos(mt n 2n y] %
electromagnetic wave is
(@ 4.58x10°0Jm? (b) 6.37x107° Jm? N
© 8135x1012/m3  (d) 331073 J/m? b E-E Cos(w,_z_“ y] 2
3. Inorder to establish an instantaneous displacemet current A

of 1 mA in the space between the plates of 2uF parallel N
plate capacitor, the potential difference need to apply is (© E=E cos(mt _2n yj 2
@ 100Vs! (b)200Vs! (c) 300Vs! (d)500Vs ' A
4. During the propagation of electromagnetic waves in a N

. 2n ),
medium: (d E=-E cos(wt +7y] z
(@) Electric energy density is double of the magnetic

energy density.
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6. An electromagnetic wave of frequency v =3.0 MHz (@ 3Vim (b) 6Vim (c) 9Vim (d) 12V/m
) ) : : ) 14. Microwave oven acts on the principle of :
passes from vacuum into a dielectric medium with (@) giving rotational energy to water molecules
permittivity € = 4.0 . Then (b) giving translational energy to water molecules
(@) wavelength is halved and frequency remains (c)  giving vibrational energy to water molecules
unchanged (d) transfe':rrmg electrons from lower to higher energy
(b) wavelength is doubled and frequency becomes half . levels in water mplecule
. . 15. Displacement current is
(c) wavelength is doubled and the frequency remains . . . L L
(@) continuous when electric field is changing in the circuit
unchanged (b) continuous when magnetic field is changing in the
(d) wavelength and frequency both remain unchanged. circui tu s W & ging
7. The' average electric ﬁ.eld of eleciomagrlletic waves in certain (c) continuous in both types of fields
region of free space is 9 x 107" NC™". Then the average (d) continuous through wires and resistance only
magnetic field in the same region is of the order of 16. The electric field associated with an e.m. wave in vacuum is
(@ 27x104T (b) 3x10712T given by E =i 40 cos (kz— 6 x 10%¢), where E, zand ¢ are in
1 12 5 volt/m, meter and seconds respectively. The value of wave
© (3 x107° T (d 3x1012T vector k is
8.  The electric field of an electromagnetic wave travelling (@ 2m! () 05m! (¢) 6m! (d 3m’!
through vaccum is given by the equation 17. The charge on a parallel plate capacitor varies as g = g,
E=E,sin (kx — ox). The quantity that is independent of cos 2mot. The plates are very large and close together
wavelength is (area = A, separation = d). The displacement current
k through the capacitor is
(@ ko (b) — (¢ o (d) ® (@ ¢, 2no sinnot () —gq, 2nv sin2nvt
. © . ' . (©) g, 2m sinmot (d) g, mo sin2moz
9. Theelectric anq the magnetic field .assomated withanEM. 18 A radiation of energy “E’ falls normally on a perfectly
wave, propagating along the +z-axis, can be represented by reflecting surface. The momentum transferred to the surface
~ A o ~ . . is (C = Velocity of light)
(@ [E=Eoi.B=Byj| (b) [E=Eok.B=Bi|
(@) 2 (b) 2 © = (d) =
= 4= 2 = 4= n aJ o 2 9 2 C
(©) [E =E¢),B= BolJ (d) [E =E¢).B= Bok} c ¢ ¢ ¢
19. Match List - I (Electromagnetic wave type) with List - II (Its
10. The energy of electromagnetic wave in vacuum is given by association/application) and select the correct option from
the relation the choices given below the lists:
5 5 List1 List 2
E B 1 2 1 2 1. Infrared waves (i) Totreat muscular strain
@ EJF 24, ®) 2 goE” + 2 HoB 2. Radio waves (i) For broadcasting
3. X-rays (iii) To detect fracture of bones
E?+B? 1 2 B2 4. Ultravioletrays  (iv) Absorbed by the ozone layer
© @ —goB"+—— of the atmosphere
C 2 2],1.0
11. Aplane electromagnetic wave is incident on a plane surface @ (1iv) (i%i) (i?) é‘)
of area A, normally and is perfectly reflected. If energy E ®) () (ii) (iv) (iif)
strikes the surface in time t then average pressure exerted (c) (i) (ii) (i) (iv)
on the surface is (c = speed of light) @ (i1) (i) (iv)
@) zero (b) E/Atc () 2E/Atc (d) Ele 20. A plane electromagnetic wave travels in free space along
12. Anelectromagnetic wave travels along z-axis. Which of the X-direction. Ifthe value of B (in tesla) at a particular point
following pairs of space and time varying fields would ) o g ¢ - |
generate such a wave ? in space and time is 1.2 X 107° k. The value of E (in Vm™)
(@ E,, By ' (b) .Ey’ B, (g) E,B, (d 'Ey, B, at that point is
13. Themagnetic field in'a travelling electromagnetic wave has

apeak value of 20 nT. The peak value of electric field strength

@ 127 () 3.6k () 12k () 3.6]
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21.

22.

23.

24,

25.

26.

27.

ir-871]

If v, v, and v, are the speed of soft gamma rays, X-rays
and microwaves respectively in vacuum, then
@ vy>v,>vy b)) v<v,<v,

(o) V>V, <V (d) V=V, =V
Photons of an electromagnetic radiation has an energy
11 keV each. To which region of electromagnetic spectrum
does it belong ?

(@) X-rayregion (b) Ultra violet region

(c) Infraredregion (d) Visibleregion

A plane electromagnetic wave travels in free space along
x-axis. At a particular point in space, the electric field along
y-axis is 9.3 V. m!. The magnetic induction (B) along z-axis
is

(@ 3.1x10°8T (b) 3x10°5T

() 3x10°6T (d) 93x10°T

The ratio of amplitude of magnetic field to the amplitude of
electric field for an electromagnetic wave propagating in
vacuum is equal to :

(@) the speed of light in vacuum

(b) reciprocal of speed of light in vacuum

(c) the ratio of magnetic permeability to the electric
susceptibility of vacuum

(d) unity
A plane electromagnetic wave is incident on a material

surface. If the wave delivers momentum p and energy E,
then

(@ p=0,E=0 b) p#0,E=0

¢ pz0,E=0 d p=0,E=0

Intensity of electromagnetic wave will be

@ I=cp,Bi/2 (b) 1=cg,Bj/2
00 00

(© I=B}/cu, d) I=E}/2ce,

The decreasing order of wavelength of infrared, microwave,
ultraviolet and gamma rays is

(a) microwave, infrared, ultraviolet, gamma rays

(b) gamma rays, ultraviolet, infrared, micro-waves

(c) microwaves, gamma rays, infrared, ultraviolet

(d) infrared, microwave, ultraviolet, gamma rays

28. Which radiation in sunlight, causes heating effect ?

(@) Ultraviolet
(c) Visiblelight

(b) Infrared
(d) All of these

29.

30.

31.

32.

33.

34.

35.

36.

The speed of electromagnetic wave in vacuum depends
upon the source of radiation. It

(a) increases as we move from y-rays to radio waves
(b) decreases as we move from y-rays to radio waves
(c) issame for all of them

(d) None of these

When an electromagnetic waves enter the ionised layer of
ionosphere, the motion of electron cloud produces a space
current and the electric field has its own capacitative
displacement current, then

(a) the space current is in phase of displacement current

(b) the space current lags behind the displacement current
by a phase 180°.

(c) thespace current lags behind the displacement current
by a phase 90°.

(d) thespace current leads the displacement current by a
phase 90°.

The displacement current is

€

(@ e,dog/dt (b) Kodd)E/dt

(c) g,E/R d) e,qC/R

Electromagnetic radiation of highest frequency is

(a) infrared radiations (b) visible radiation

(c) radio waves (d) y-rays

A point source of electromagnetic radiation has an average

power output of 1500 W. The maximum value of electric field
at a distance of 3m from this sources in Vm™! is

250

500
(© EN (d) KN

Frequency of a wave is 6 x 10!3 Hz. The wave is
(a) radiowave (b) microwave

(c) xray (d) ultraviolet
The electromagnetic waves do not transport

(a) energy (b) charge

(c) momentum (d) information

Which of the following statement is false for the properties
of electromagnetic waves?

@ 500  (b) 100

(@) Both electric and magnetic field vectors attain the
maxima and minima at the same place and same time.

(b) The energy in electromagnetic wave is divided equally
between electric and magnetic vectors

(c) Both electric and magnetic field vectors are parallel to
each other and perpendicular to the direction of
propagation of wave

(d) These waves do not require any material medium for
propagation.
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37. Which ofthe following electromagnetic waves has minimum 42. Out of the following options which one can be used to
frequency ? produce a propagating electromagnetic wave ?
(@) Microwaves (b) Audible waves (@) A charge moving at constant velocity
(c) Ultrasonic wave (d) Radiowaves (b) A stationary charge

38. The wave impendance of free space is (c) A chargeless particle
(@ =zero (b) 3766Q (c) 33.66QQ (d) 3.76 Q2 (d) An accelerating charge

39. Aplane electromagnetic wave in a non-magnetic dielectric  43. Radio waves of constant amplitude can be generated with
medium is given by E=E o (4x 1077 x— 50¢) with distance (a) rectifier (b) filter
being in meter and time in seconds. The dielectric constant () FET. (d) oscillator
of the medium is : 44. Inan electromagnetic wave
(@ 24 (b) 58 (c) 82 (d) 48 (@) power is transmitted along the magnetic field

40. We consider the radiation emitted by the human body. (b) power is transmitted along the electric field
Which of'the following statements is true? (c) power is equally transferred along the electric and
(a) theradiation emitted lies in the ultraviolet region and magnetic fields

hence is not visible. (d) power is transmitted in a direction perpendicular to
(b) theradiation emitted is in the infra-red region. .bOth the fields ) ) )
() the radiation is emitted only during the day. 45. Ifcis .the speeq of electrlomagr'letlc waves in vacuum, .1ts
() the radiation is emitted during the summers and speed in a med'lum of dielectric constant K and relative
absorbed during the winters. permeability p is
41. In a plane electromagnetic wave propagating in space has

DAILY PRACTICE PROBLEM DPP CHAPTERWISE CP22 - PHYSICS

an electric field ofamplitude 9 x 10° V/m, then the amplitude
of the magnetic field is
(@ 2.7x1012T
(¢) 3.0x10*T

(b) 9.0x103T
(d) 3.0x10°T

! (b) v=cypu K

@ v K

C K
© V=T @ V=
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- The E.M. wave are transverse in nature i.e.,

kxE -
-*t-H )
U
whereH=§
n
and FXH _ g ....(ii)
we

kis L H and k isalso L to E

or InotherwordsX || E and k || ExB
E =720
The average total energy density

1 1
:EEO E% :E S [\/EErms]2 =S Efms

=8.85x10712 x(720)?

=4.58x107° J/m?
I,=1mA=10"A
C=2uF=2x10°%F

=lo= % n-c
D_C_dt(V)_ dt

Therefore, 2= tp _ 107 e

erefore, — = ="~ = 27106 s
Therefore, applying a varying potential difference of
500 V s would produce a displacement current of
desired value.

1
VHo€o

1
Electric energy density = 3 &o E02 =Ug

E,=CBjand C =

. ) 1 Bo?
Magnetic energy density = 3 u
0

=HUp

Thus, pp = pg

Energy s equally divided between electric and magnetic
field

In an electromagnetic wave electric field and magnetic
field are perpendicular to the direction of propagation
of wave. The vector equation for the electric field is

E = E0 cos ((m—%yjﬁ

Frequency remains constant during refraction

1 c
Vv - — —
med M0€0X4 )
Amed _ Vmed _ﬂ_l
A v c 2

air air
wavelength is halved and frequency remains
unchanged.
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SOLUTIONS
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For electromagnetic waves we know that,

E
E_.
B
_4
910" _ 3,10° ms!
B=3x10"12T.

2n
Here, k = —, ® = 2nv

A
k- 2n/h 1 1
® 2mv m ¢ ¢
where ¢ is the speed of electromagnetic wave in
vacuum. It is a constant whose value is 3 x 10% m s~
E.M. wave always propagates in a direction
perpendicular to both electric and magnetic fields. So,
electric and magnetic fields should be along + X—and
+ Y—directions respectively. Therefore, option (a) is
the correct option.

c=vA\)

1 2. , .
5 eoE( is electric energy density.

2
B
S is magnetic energy density.
2ug
2
1 2 Bj
=—¢gogEg+——
So, total energy 5 “0F0 210

Incident momentum, p=—
c

For perfectly reflecting surface with normal incidence

2E
Ap=2p=—
pofp_2E
At ct
_F_Z2E
A CctA

E, and By would generate a plane EM wave travelling
in z-direction, |, B and i from aright handed system

i isalong z-axis. As i x ] —k

= Exi X Byj = Ck i.e., E isalong x-axis and B is along

13. O

y-axis.
From question,
B,=20nT=20x10°T
(- velocity oflight in vacuum C =3 x 108 ms™1)
EO = BO X 6
|Eq I=/B|.|Cl=20x107 x3x10°
=6V/m.
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Microwave oven acts on the principle of giving
vibrational energy to water molecules.

Displacement current is set up in a region where the
electric field is changing with time.

On comparing the given equation to

E =ayi cos (of - kz)

®=6x10%,
_in_o
r c
6x10° _
= 9 = 3 =2m 1
¢ 3x10
Displacement current, /,, = conduction current, /.
dg _d .
@ [, cos2mur] = — q; 2nv sin2wot

E
Momentum of light falling on reflecting surface p = C

As surface is perfectly reflecting so momentum reflect

pl=— E E E
C = ==P
So, momentum transferred C | C

7P PIE_(_Ejz_E
T C c) cC

(1) Infrared rays are used to treat muscular strain
because these are heat rays.

(2) Radio waves are used for broadcasting because
these waves have very long wavelength ranging
from few centimeters to few hundred kilometers

(3) X-rays are used to detect fracture of bones
because they have high penetrating power but
they can't penetrate through denser medium like
dones.

4) Ultraviolet rays are absorbed by ozone of the
atmosphere.

Given: B=1.2x10kT

E=?
From formula,

E=Bc=(12x10°T)3x10°ms™) =3.6 Vm!

B is along Z-direction and the wave propagates along
X-direction. Therefore E should be alon g Y-direction.
Thus, E=3.6] Vm™

hc hc
E:— }\‘:_
» "7 E
_34 8
- 6.6x107" x3x%x10 _ 14 A

 11x1000x1.6x107"°
Increasing order of frequency

X-rays U-v rays visible Infrared

Velocity of light
C:E:B:E:AS:&lxlO_ST
C 3x10

§s-93]
24. () The average energy stored in the electric field
1 2
Ugp=—¢¢E
E B 0
The average energy stored in the magnetic field= U, =
18
2
According to conservation of energy U, = Uy
goLL 5
oMo ="
E2
B 1
2= [s -
E oMo B
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EM waves carry momentum and hence can exert
pressure on surfaces. They also transfer energy to the
surface sop # 0 and E # 0.

The decreasing order of the wavelengths is as given
below :

microwave, infrared, ultraviolet, gamma rays.

Infrared causes heating effect.

Speed of EM waves in vacuum = = constant

Ho S

IDZSOdq)E/dt.

Vy—rays > Vyisible radiation ~ Vinfrared ~ YRadio waves

Wave is uv rays.

Electromagnetic waves are the combination of mutually
perpendicular electric and magnetic fields.
Audible waves are not electromagnetic wave.

Mo _3766 0

Wave impedance =7 = c
0

Depends on the magnitude of frequency
_Ey _9x10°

¢ 3x108
To generate electromagnetic waves we need
accelerating charge particle.

B, =3x107T.

For an E.M. wave power is transmitted in a direction
perpendicular to both the fields.

1
\Hogo

Speed of light of vacuumc¢ = and in another

1

medium V=—
\/_

ue
c / ne c
So—= = K=>v=
vV Y Hogo i
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@g www.studentbro.in



	DPP - 22..pdf (p.1-4)
	22..pdf (p.5-6)

