Maharashtra Board Solutions Class
11-Physics: Chapter 13- Electromagnetic
Waves and Communication System

Class 11 - | @PHYSICS
Chapter 13 S Sundaan
Electromagnetic | = :
Waves and

Communication

System

€IndCareer

For any clarifications or questions you can write to info@indcareer.com
Postal Address

IndCareer.com, 52, Shilpa Nagar, Somalwada Nagpur - 440015
Maharashtra, India

WhatsApp: +91 9561 204 888, Website: https://www.indcareer.com

ctroma netic-waves-and- communlcatlon -S stem/

@lna\_areer


https://www.indcareer.com/schools/maharashtra-board-solutions-class-11-physics-chapter-13-electromagnetic-waves-and-communication-system/
https://www.indcareer.com/schools/maharashtra-board-solutions-class-11-physics-chapter-13-electromagnetic-waves-and-communication-system/

€IndCareel
Maharashtra Board Solutions Class
11-Physics: Chapter 13-
Electromagnetic Waves and
Communication System

Class 11: Physics Chapter 13 solutions. Complete Class 11 Physics Chapter 13 Notes.

Maharashtra Board Solutions Class 11-Physics:
Chapter 13- Electromagnetic Waves and
Communication System

Maharashtra Board 11th Physics Chapter 13, Class 11 Physics Chapter 13 solutions
1. Choose the correct option.
Question 1.

The EM wave emitted by the Sun and responsible for heating the Earth’s
atmosphere due to the greenhouse effect is

(A) Infra-red radiation
(B) X-ray

(C) Microwave

(D) Visible light

Answer:
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(A) Infra-red radiation

Question 2.

Earth’s atmosphere is richest in
(A) UV

(B) IR

(C) X-ray

(D) Microwaves

Answer:

(B) IR

Question 3.

How does the frequency of a beam of ultraviolet light change when it travels
from air into glass?

(A) depends on the values of p and e
(B) increases

(C) decreases

(D) remains same

Answer:

(D) remains same

Question 4.

The direction of EM wave is given by

(AJE xB
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(C) along E~
(D) along B~
Answer:
(AVE xB
Question 5.

The maximum distance upto which TV transmission from a TV tower of
height h can be received is proportional to

(A) ha

(B)h

(C) h3/2

(D) h2

Answer:

(A) h2

Question 6.

The waves used by artificial satellites for communication purposes are
(A) Microwave

(B) AM radio waves
(C) FM radio waves
(D) X-rays
Answer:

(A) Microwave

Question 7.
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If a TV telecast is to cover a radius of 640 km, what should be the height of
transmitting antenna?

(A) 32000 m

(B) 53000 m

(C) 42000 m

(D) 55000 m

Answer:

(A) 32000 m

2. Answer briefly.

Question 1.

State two characteristics of an EM wave.
Answer:

i. The electric and magnetic fields, E and B are always perpendicular to each other and
also to the direction of propagation of the EM wave. Thus, the EM waves are transverse
waves.

ii. The cross product (E x B) gives the direction in which the EM wave travels. (E x B)
also gives the energy carried by EM wave.

Question 2.
Why are microwaves used in radar?
Answer:

Microwaves are used in radar systems for identifying the location of distant objects like
ships, aeroplanes etc.

Question 3.
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What are EM waves?
Answer:

Waves that are caused by the acceleration of charged particles and consist of electric and
magnetic fields vibrating sinusoidally at right angles to each other and to the direction
of propagation are called EM waves or EM radiation.

Question 4.
How are EM waves produced?
Answer:

1. According to quantum theory, an electron, while orbiting around the nucleus in a
stable orbit does not emit EM radiation even though it undergoes acceleration.

2. It will emit an EM radiation only when it falls from an orbit of higher energy to
one of lower energy.

3. EM waves (such as X-rays) are produced when fast moving electrons hit a target
of high atomic number (such as molybdenum, copper, etc.).

4. An electric charge at rest has an electric field in the region around it but has no
magnetic field.

5. When the charge moves, it produces both electric and magnetic fields.

6. If the charge moves with a constant velocity, the magnetic field will not change
with time and hence, it cannot produce an EM wave.

7. But if the charge is accelerated, both the magnetic and electric fields change with
space and time and an EM wave is produced.

8. Thus, an oscillating charge emits an EM wave which has the same frequency as
that of the oscillation of the charge.

Question 5.

Can we produce a pure electric or magnetic wave in space? Why?
Answer:

No.

9

In vacuum, an electric field cannot directly induce another electric field so a “pure’
electric field wave cannot exist and same can be said for a “pure” magnetic wave.
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Question 6.
Does an ordinary electric lamp emit EM waves?
Answer:
Yes, ordinary electric lamp emits EM waves.
Question 7.
Why light waves travel in vacuum whereas sound wave cannot?
Answer:

Light waves are electromagnetic waves which can travel in vacuum whereas sound
waves travel due to the vibration of particles of medium. Without any particles present
(like in a vacuum) no vibrations can be produced. Hence, the sound wave cannot travel
through the vacuum.

Question 8.

What are ultraviolet rays? Give two uses.
Answer:

Production:

1. Ultraviolet rays can be produced by the mercury vapour lamp, electric spark and
carbon arc lamp.

2. They can also be obtained by striking electrical discharge in hydrogen and xenon
gas tubes.

3. The Sun is the most important natural source of ultraviolet rays, most of which
are absorbed by the ozone layer in the Earth’s atmosphere.

Uses:

1. Ultraviolet rays destroy germs and bacteria and hence they are used for sterilizing
surgical instruments and for purification of water.

2. Used in burglar alarms and security systems.

3. Used to distinguish real and fake gems.
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Question 9.
What are radio waves? Give its two uses.
Answer:

1. Radio waves are produced by accelerated motion of charges in a conducting wire.
The frequency of waves produced by the circuit depends upon the magnitudes of
the inductance and the capacitance.

2. Thus, by choosing suitable values of the inductance and the capacitance, radio
waves of desired frequency can be produced.

Uses:

1. Radio waves are used for wireless communication purpose.

2. They are used for radio broadcasting and transmission of TV signals.

3. Cellular phones use radio waves to transmit voice communication in the ultra
high frequency (UHF) band.

Question 10.

Name the most harmful radiation entering the Earth’s atmosphere from the
outer space.

Answer:

Ultraviolet radiation.

Question 11.

Give reasons for the following:

i. Long distance radio broadcast uses short wave bands.
ii. Satellites are used for long distance TV transmission.
Answer:

i. Long distance radio broadcast uses short wave bands because electromagnetic waves
only in the frequency range of short wave bands only are reflected by the ionosphere.
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ii. a. It is necessary to use satellites for long distance TV transmissions because
television signals are of high frequencies and high energies. Thus, these signals are not
reflected by the ionosphere.

b. Hence, satellites are helpful in long distance TV transmission.
Question 12.

Name the three basic units of any communication system.
Answer:

Three basic (essential) elements of every communication system are transmitter,
communication channel and receiver.

Question 13.
What is a carrier wave?
Answer:

The high frequency waves on which the signals to be transmitted are superimposed are
called carrier waves.

Question 14.

Why high frequency carrier waves are used for transmission of audio
signals?

Answer:

An audio signal has low frequency (<20 kHz) and low frequency signals cannot be
transmitted over large distances. Because of this, a high frequency carrier waves are
used for transmission.

Question 15.
What is modulation?

Answer:
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The signals in communication system (e.g. music, speech etc.) are low frequency signals
and cannot be transmitted over large distances. In order to transmit the signal to large
distances, it is superimposed on a high frequency wave (called carrier wave). This
process is called modulation.

Question 16.
What is meant by amplitude modulation?
Answer:

When the amplitude of carrier wave is varied in accordance with the modulating signal,
the process is called amplitude modulation.

Question 17.
What is meant by noise?
Answer:

1. Arandom unwanted signal is called noise.
2. The source generating the noise may be located inside or outside the system.
3. Efforts should be made to minimize the noise level in a communication system.

Question 18.
What is meant by bandwidth?
Answer:

The bandwidth of an electronic circuit is the range of frequencies over which it operates
efficiently.

Question 19.
What is demodulation?
Answer:

The process of regaining signal from a modulated wave is called demodulation. This is
the reverse process of modulation.
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Question 20.

What type of modulation is required for television broadcast?

Answer:

Amplitude modulation is required for television broadcast.

Question 21.

How does the effective power radiated by an antenna vary with wavelength?
Answer:

1. To transmit a signal, an antenna or an aerial is needed.
2. Power radiated from a linear antenna of length 1 is, P o (1A)2
where, A is the wavelength of the signal.

Question 22.
Why should broadcasting programs use different frequencies?
Answer:

If broadcasting programs run on same frequency, then the information carried by these
waves will get mixed up with each other. Hence, different broadcasting programs should
run on different frequencies.

Question 23.
Explain the necessity of a carrier wave in communication.
Answer:

1. Without a carrier wave, the input signals could be carried by very low frequency
electromagnetic waves but it will need quite a bit of amplification in order to
transmit those very low frequencies.

2. The input signals themselves do not have much power and need a fairly large
antenna in order to transmit the information.

3. Hence, it is necessary to impose the input signal on carrier wave as it requires
less power in order to transmit the information.
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Question 24.

Why does amplitude modulation give noisy reception?

Answer:

i. In amplitude modulation, carrier is varied in accordance with the message signal.

ii. The higher the amplitude, the greater is magnitude of the signal. So even if due to any
reason, the magnitude of the signal changes, it will lead to variation in the amplitude of
the signal. So its easy for noise to disturb the amplitude modulated signal.

Question 25.
Explain why is modulation needed.
Answer:

Modulation helps in avoiding mixing up of signals from different transmitters as
different carrier wave frequencies can be allotted to different transmitters. Without the
use of these waves, the audio signals, if transmitted directly by different transmitters,
would get mixed up.

3. Solve the numerical problem.
Question 1.

Calculate the frequency in MHz of a radio wave of wavelength 250 m.
Remember that the speed of all EM waves in vacuum is 3.0 x 10® m/s.

Answer:

Given: A = 250 m, ¢ = 3 x 108 m/s
To find: Frequency (v)

Formula: ¢ = v®

Calculation: From formula,
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= =1.2x10%Hz

_c _ 3x10f
V=X T om0
=1.2 MHz
Question 2.
Calculate the wavelength in nm of an X-ray wave of frequency 2.0 x 10'8 Hz.
Solution:

Given:c=3x10% v=2x10"%Hz
To find: Wavelength (A)

Formula: c = vA

Calculation. From foermula,

=L£= —gg:llgf =1.5%1070
=0.15nm
Question 3.
The speed of light is 3 x 10® m/s. Calculate the frequency of red light of wavelength of 6.5 x 1¢
m.
Answer:

Given:c=3x10%m/s,A=6.5x 10" m
To find: Frequency (v)
Formula: c = vA

Calculation: From formula,

B
v=C = 30 _46x10™Hz
A BEx1DT

ectromagnetic-waves-and-communication-system/
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Question 4.

Calculate the wavelength of a microwave of frequency 8.0 GHz.
Answer:

Given: v =8 GHz = 8 x 107 Hz,

c=3x10"m/s

To find: Wavelength (A}

Formula: ¢ = vA

Calculation: From Formula,

B
A= & =30 395,902

T T Ea10”
=3.75cm

Question 5.

In a EM wave the electric field oscillates sinusoidally at a frequency of 2 x 10'% What is the
wavelength of the wave?

Answer:

Given:v=2x10""Hz,c=3x 10°m

To find: Wavelength (A)

Formula: c = vA

Calculation: From formula,

h:%:é‘:—llgfg:wxm'z
Question 6.

The amplitude of the magnetic field part of a harmonic EM wave in vacuum isBO=5X10-7 T.
what is the amplitude of the electric field part of the wave?

Answer:

Given:Bn=5x 107 T.c= 3 x 10°

ps://www.indcareer.com/schools/maharashtra-board-soluti
ctromagnetic-waves-and-communication-system
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To find: Amplitude of electric Field (Ep)

Formula:c= g—:
Calculation /From formula,
Ep=cxBp
=3x10%x5x107

=150 V/m

Question 7.

ATV tower has a height of 200 m. How much population is covered by TV transmission if the
average population density around the tower is 1000/km?? (Radius of the Earth = 6.4 x 10° m)
Answer:

Given: h =200 m,

Population density (n)

= 1000/km? = 1000 x 10°%/m? = 103/m?

R=6.4x10°m

To find: Population covered

Formulae:i. A =nd? =n(+/2Rh)2 = 2nRh

ii. Population covered = nA

Calculation /From Formula (i),

A =2nRh

=2x%3.142 x 6.4 x 10% x 200

=8 x 10° m?

From Formula (ii),

Population covered = nA

=10° x 8 x 10°

=8x10°

ectromagnetic-waves-and-communication-system/
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Question 8.

Height of a TV tower is 600 m at a given place. Calculate its coverage range if the radius of the
Earth is 6400 km. What should be the height to get the double coverage area?
Answer:

Given:h=600m,R=6.4x10°m

To find: Range (d)

Height to get the double coverage (h")

Formula:d = /2L R

Calculation: From formula,

d=1+/2 x 600 x 6.4 x 10° =87.6 x 10° =87.6 km

MNow, for &' = 2A

n(d)?=2 (nd?)

s (d)?=2d?

From Formula,

h'=

Question 9.

A transmitting antenna at the top of a tower has a height 32 m and that of the receiving antenna
is 50 m. What is the maximum distance between them for satisfactory communication in line of
sight mode? Given radius of Earth is 6.4 x 10% m.

Answer:

Given:h,=32m,h,=50m,R=6.4x 105m

To find: Maximum distance or range (d)

ectromagnetic-waves-and-communication-system/
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To find: Maximum distance or range (d)
Formula:d = +/2Rh

Calculation: From Formula,
de=v2Rh; = /2 x 6.4 x 10° x 32
=20.238Bx10°m

=20.238 km

d. =+/2Rh;

=12 x 6.4 x 10° x 50
=25298=10°m

=25.298 km

Now,d =d; + d;

=20.238+ 25,298

=45,536 km

Can you recall? (Textbookpage no. 229)

Question 1.

i. What is a wave?

Answer:

Wave is an oscillatory disturbance which travels through a medium without change in its Form.

ii. What is the difference between longitudinal and transverse waves?
Answer:

a. Transverse wave: A wave in which particles of the medium vibrate in a direction
perpendicular to the direction of propagation of wave is called transverse wave.

b. Longitudinal wave: A wave in which particles of the medium vibrate in a direction
parallel to the direction of propagation of wave is called longitudinal wave.

iii. What are electric and magnetic fields and what are their sources?
Answer:

a. Electric field is the force experienced by a test charge in presence of the given charge
at the given distance from it.
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b. A magnetic field is produced around a magnet or around a current carrying
conductor.

iv. By which mechanism heat is lost by hot bodies?
Answer:

Hot bodies lose the heat in the form of radiation.

Question 2.

What are Lenz’s law, Ampere’s law and Faraday’s law?
Answer:

Lenz’s law:

Whereas, Lenz’s law states that, the direction of the induced emf is such that the change
is opposed.

Ampere’s law:

Ampere’s law describes the relation between the induced magnetic field associated with
a loop and the current flowing through the loop.

Faraday’s law:

Faraday’s law states that, time varying magnetic field induces an electromotive force
(emf) and an electric field.

Internet my friend. (Tpxtboakpage no. 240)
https//www.iiap.res.in/centers/iao

[Students are expected to visit the above mentioned website and collect more
information about different EM wave propagations used by astronomical observatories.]
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Maharashtra Board Solutions
Class 11 Physics

e Chapter 1- Units and Measurements

e Chapter 2- Mathematical Methods

e Chapter 3- Motion in a Plane

e Chapter 4- Laws of Motion

e Chapter 5- Gravitation

e Chapter 6- Mechanical Properties of Solids

e Chapter 7- Thermal Properties of Matter

e Chapter 8- Sound

e Chapter 9- Optics

e Chapter 10- Electrostatics

e Chapter 11- Electric Current Through Conductors

e Chapter 12- Magnetism

e Chapter 13- Electromagnetic Waves and Communication System

e Chapter 14- Semiconductors
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About About Maharashtra State Board
(MSBSHSE)

The Maharashtra State Board of Secondary and Higher Secondary
Education or MSBSHSE (Marathi: AgRISE Tod ATEI A 371701 3
AT A RAET0T AS®), is an autonomous and statutory body
established in 1965. The board was amended in the year 1977 under
the provisions of the Maharashtra Act No. 41 of 1965.

The Maharashtra State Board of Secondary & Higher Secondary
Education (MSBSHSE), Pune is an independent body of the
Maharashtra Government. There are more than 1.4 million students
that appear in the examination every year. The Maha State Board
conducts the board examination twice a year. This board conducts the
examination for SSC and HSC.

The Maharashtra government established the Maharashtra State
Bureau of Textbook Production and Curriculum Research, also
commonly referred to as Ebalbharati, in 1967 to take up the
responsibility of providing quality textbooks to students from all
classes studying under the Maharashtra State Board. MSBHSE
prepares and updates the curriculum to provide holistic development
for students. It is designed to tackle the difficulty in understanding the
concepts with simple language with simple illustrations. Every year
around 10 lakh students are enrolled in schools that are affiliated with
the Maharashtra State Board.
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FAQs
Where do I get the Maharashtra State Board Books PDF For free download?

You can download the Maharashtra State Board Books from the eBalbharti

official website, i.e. cart.ebalbharati.in or from this article.
Add image

How to Download Maharashtra State Board Books?

Students can get the Maharashtra Books for primary, secondary, and senior
secondary classes from here. You can view or download the Maharashtra
State Board Books from this page or from the official website for free of
cost. Students can follow the detailed steps below to visit the official website
and download the e-books for all subjects or a specific subject in different
mediums.

Step 1: Visit the official website ebalbharati.in

Step 2: On the top of the screen, select "Download PDF textbooks"

Step 3: From the "Classes" section, select your class.

Step 4: From "Medium", select the medium suitable to you.

Step 5: All Maharashtra board books for class 11th will now be displayed on
the right side.

Step 6: Click on the "Download" option to download the PDF book.

Who developed the Maharashtra State board books?

As of now, the MSCERT and Balbharti are responsible for the syllabus and
textbooks of Classes 1 to 8, while Classes 9 and 10 are under the
Maharashtra State Board of Secondary and Higher Secondary Education
(MSBSHSE).

How many state boards are there in Maharashtra?

The Maharashtra State Board of Secondary & Higher Secondary Education,
conducts the HSC and SSC Examinations in the state of Maharashtra
through its nine Divisional Boards located at Pune, Mumbai, Aurangabad,
Nasik, Kolhapur, Amravati, Latur, Nagpur and Ratnagiri.
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About IndCareer

IndCareer.com is a leading developer of online career guidance resources for the Indian
marketplace. Established in 2007, IndCareer.com is currently used by over thousands of
institutions across India, including schools, employment agencies, libraries, colleges
and universities.

IndCareer.com is designed to assist you in making the right career decision - a decision
that meets your unique interests and personality.

For any clarifications or questions you can write to info@indcareer.com
Postal Address

IndCareer.com
52, Shilpa Nagar,
Somalwada
Nagpur - 440015

Maharashtra, India

WhatsApp: +91 9561 204 888

Website: https://www.indcareer.com
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