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PRINCIPLE OF COMMUNICATION

INTRODUCTION

Communication is the act of transmission of information. Every living creature in the world experiences
the need to impart or receive information almost continuously with others in the surrounding world. For
communication to be successful, it is essential that the sender and the receiver understand a common
language. Man has constantly made endeavors to improve the quality of communication with other
human beings. languages and methods used in cummication have kept evolving from prehistoric to
modern times, to meet the growing demands in terms of speed and complexity of information.
ELEMENTS OF A COMMUNICATION SYSTEM

Communication pervades all stages of life of all living creatures. Irrespective of its nature, every
communication system has three essential elements transmitter, medium/channel and receiver. The
block diagram shown in figure-1 depicts the general form of a communication system.
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FIGURE-1

In a communication system, the transmitter is located at one place, the receiver is located at some
other place (far or near) separate from the transmitter and the channel is the physical medium that
connects them. Depending upon the type of communication system, a channel may be in the form of
wires or cables connecting the transmitter and the receiver or it may be wireless. The purpose of the
transmitter is to convert the message signal produced by the source of information into a form suitable
for transmission through the channel. If the output of the information source is a non-electrical signal
like a voice signal, a tranducer converts it to electrical form before giving it as an input to the
transmitter. When a transmitted signal propagates along the channel it may get distorted due to channel
imperfection. Moreover, noise adds to the transmitted signal and the receiver receives a corrupted
version of the transmitted signal. The receiver has the task of operating on the received signal. It
reconstructs a recognisable form of the original message signal for delivering it to the user of
information.
There are two basic modes of communication : Point -to-point and broadcast.
In point-to-point communication mode, communication takes place over a link between a single
transmitter and a receiver. Telephony is an example of such a mode of communication. In contrast, in
the broadcast mode, there are a large number of receivers corresponding to a single transmitter. Radio
and television are example of broadcast mode of communication.
(1) Digital and analog signals to be transmitted are usually of low frequency and hence cannot be
transmitted as such.
(2) these signals require some carrier to be transported. These carriers are known as carrier waves or
high frequency signals.
(3) The process of placement of a low frequency (LF) signal over the high frequency (HF) signal is
known as modulation.



BASIC TERMINOLOGY USED IN ELECTRONIC COMMUNICATION SYSTEMS

By now, we have become familiar with some terms like information source, transmitter, receiver,

channel, noise, etc. It would be easy to understand the principles underlying any communication, if we

get ourselves acquainted with the following basic terminology.

() Transducer : Any device that converts one form of energy into another can be termed as a
transducer. In electronic communication systems, we usually come across devices that have either
their inputs or outputs in the electrical form. An electrical transducer may be defined as a device
that converts some physical variable (pressure, displacement, force, temperature, etc) into
corresponding variations in the electrical signal at its output.

(if) Signal : Information converted in electrical form and suitable for transmission is called a signal.
Signals can be either analog or digital. Analog signals are continuous variations of voltage or
current. They are essentially single-valued functions of time. Sine wave is a fundamental analog
signal. All other analog signals can be fully understood in terms of their sine wave components.
Sound and picture signals in TV are analog in nature. Digital signals are those which can take only
discrete stepwise values. Binary system that is extensively used in digital electronics employs just two
levels of a signal '0' corresponds to a low level and '1' corresponds to a high level of voltage/current.
There are several coding schemes useful for digital communication. They employ suitable
combinations of number sytems such as the binary coded decimal (BCD). American Standard Code
for Information Interchange (ASCII) is a universally popular digital code to represent numbers, letters
and certain characters.

(iii) Noise : Noise refers to the unwanted signals that tend to disturb the transmission and processing
of message signals in a communication system. The source generating the noise may be located
inside or outside the system.

(iv) Transmitter : A transmitter processes the incoming message signal so as to make it suitable for
transmission through a channel and subsequent reception.

(v) Receiver : A receiver extracts the desired message signals from the received signals at the
channel output.

(vi) Attenuation : The loss of strength of a signal while propagating through a medium is known as
attenuation.

(vii Amplification : It is the process of increasing the amplitude (and consequently the strength) of a
signal using a electronic circuit called the amplifier. Amplification is necessary to compensate for
the attenuation of the signal in communication systems. The energy needed for additional signal
strength is obtained from a DC power source. Amplification is done at a place between the source
and the destination wherever signal strength becomes weaker than the required strength.

(viii)Range : It is the largest distance between a source and a destination up to which the signal is
received with sufficient strength.

(ix) Bandwidth : Bandwidth refers to the frequency range over which an equipment operates or the
portion of the spectrum occupied by the signal.

(x) Modulation : The original low frequency message/information signal cannot be transmitted to long
distances because of reasons given in further section. Therefore, at the transmitter, information
contained in the low frequency message signal is superimposed on a high frequency wave, which
acts as a carrier of the information. This process is known as modulation. As will be explained later,
there are several types of modulation abbreviated as AM, FM, and PM.

(xi) Demodulation : The process of retrieval of information from the carrier wave at the receiver is
termed demodulation. This is the reverse process of modulation.



(xii) Repeater : A repeater is a combination of a receiver and a transmitter. A repeater, picks up the
signal from the transmitter amplifies and retransmits it to the receiver sometimes with a change in
carrier frequency. Repeaters are used to extend the range of a communication system as shown in
figure-2 below. A communication satellite is essentially a repeater station in space.

FIGURE-2 : use of repeater station to
increase the range of communication

BANDWIDTH OF SIGNALS

In a communication system, the message signal can be voice, music picture or computer data. Each of
these signals has different ranges of frequencies. The type of communication system needed for a
given signal depends on the band of frequencies which is considered essential for the communication
process.

For speech signals, frequency range 300 Hz to 3100 Hz is considered adequated. Therefore speech
signal requires a bandwidth of 2800Hz (3100 Hz — 300Hz) for commerical telephonic communication.
To transmit music, an approximate bandwidth of 20 kHz is required because of the high frequencies
produced by the muscial instruments. The audible range of frequencies extends from 20 Hz to 20 kHz.
Video signals for transmission of pictures requires about 4.2 MHz of bandwidth. A TV signal contains
both voice and picture and is usually allocated 6 MHz of bandwidth for transmission.

In the preceeding paragraph, we have considerd only analog signals. Digital signals are in the form of
rectangular waves as shown in figure-3 below. One can show that this rectangular wave can be

decomposed into a superposition of sinusoidal waves of frequencies vo , 2vo, 3vo, 4vo ........ nvo where
'n' is an integer extending to infinity and vo = 1/ To.
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The fundamental (vo), fundamental (vo) + second harmonic (2vo), and fundamental (vo) + second
harmonic (2vo) + third harmonic (3vo), are shown in the same figure to illustrate this fact.

It is clear that to reproduce the rectangular wave shape exactly we need to superimpose all the
harmonics vo, 2vo, 3vo, 4vo ...... which implies an infinite band width. However, for practical purposes,
the contribution from higher harmonics can be neglected, thus limiting the bandwidht. As a result
received waves are a distorted version of the transmitted one. If the bandwidth is large enough to
accommodate a few harmonics, the information is not lost and the rectangular signal is more or less
recovered. This is so because the higher the harmonic, less is its contribution to the wave form.



BANDWIDTH OF TRANSMISSION MEDIUM

Similar to message signals, different type of transmission media offer different bandwidths. The
commonly used transmission media are wire, free space and fiber optic cable.Coaxial cable is a widely
used wire medium, which offers a bandwidth of approximately 750 MHz. Such cables are normally
operated below 18 GHz. Communication through free space using radio waves takes place over a very
wide range of frequencies: from a few hundreds of kHz to a few GHz. This range of frequencies is
further subdivided and allocated for various services. Optical communication using fibers is performed
in the frequency range of 1 THz to 1000 THz (microwaves to ultraviolet). An optical fiber can offer a
transmission bandwidth in excess of 100 GHz.

PROPAGATION OF ELECTROMAGNETIC WAVES

In communication using radio waves, an anetnna at the transmitter radiates the electromagnetic wave
(em waves), which travel through the space and reach the receiving antenna at the other end. As the em
wave travels away from the transmitter, the strength of the wave keeps on decreasing. Several factors
influenece the propagation of em waves and the path they follow. At this point, it is also important to
understand the composition of the earth's atmosphere as it plays a vital role in the propagation of em waves.

Ground wave

To radiate signals with high efficiency, the antennas should have a size comparable to the wavelength
A of the signal (at least ~A/4). At longer wavelengths (i.e., at lower frequencies), the antennas have
large physical size and they are located on or very near to the ground. In standard AM broadcast,
ground based vertical towers are generally used as transmitting antennas. For such antennas, ground
has a strong influence on the propagation of the signal. The mode of propagation is called surface wave
propagation and the wave glides over the surface of the earth. A wave induces current in the ground
over which it passes and it is attenuated as a result of absorption of energy by the earth. The
attenuation of surface waves increases very rapidly with increase in frequency. The maximum range of
coverage depends on the transmitted power and frequency (less than a few MHz).

Sky waves

In the frequency range from a few MHz up to 30 to 40 MHz, long distance communication can be achieved
by ionospheric reflection of radio waves back towards the earth. This mode of propagation is called sky
wave propagation and is used by short wave broadcast services. The ionosphere is so called because of the
presence of a large number of ions or charged particles. It extends from a height of ~65 Km to about 400 Km
above the earth's surface. lonisation occurs due to the absorption of the ultraviolet and other high-energy
radiation coming from the sun by air molecules. The ionosphere is further subdivided into several layers. The
degree of ionisation varies with the heights. The density of atmosphre decreases with heigth. At great
heights the solar radiation is intense but there are few molecules to be ionised. Close to the earth, even
though the molecular concentration is very high, the radiation intensity is low so that the ionisation is again
low. However at some intermediate height, there occurs a peak of ionisation density. The ionosphere layer
acts as a reflector for a certain range of freqeuncies (3 to 30 MHz). Electromagnetic waves of frequencies
higher than 30 MHz penetrate the ionosphere and escape. These phenomena are shown in the figure-4
below. The phenomenon of bending of em waves so that they are diverted towards the earth is similar to
total internal reflection in optics.

D — Part of stratosphere (65 to 75 km height)

lonospheric F, E — Part of stratosphere (100 km height)
Layers

F, — Part of mesosphere (170 to 190 km height)

F, — Part of thermosphere (250 to 400 km height)

FIGURE—4: Sky wave propagation



Space wave

Another mode of radio wave propagation is by
space waves. A space wave travels in a
straight line from transmitting antenna to the
receiving antenna. Space waves are used for
line-of-sight (LOS) communication as well as FIGURE-5: Line of sight communication by space waves.
satellite communication.

At frequencies above 40 MHz, communication is essentially limited to line-of-sight paths. At these
frequencies, the antennas are relatively smaller and can be placed at heights of many wavelengths
above the ground. Because of line-of-sight nature of propagation, direct waves get blocked at some
point by the curvature of the earth as illustrated in figure-5 below. If the signal is to be received beyond
the horizon then the receiving antenna must be high enough to line-of-sight waves.

If the transmitting antenna is at a heigth hr, Comminigain Saelle
then you can show that the distance to the

horizon dr is given as dr =/2Rh; , where R is

Space Wave

the radius of the earth (approximately 6400 km). lonosphere
dr is also called the radio horizon of the “— I
transmitting antenna. With reference to figure ‘
above the maximum line-of-sight distance dwm
between the two antennas having height hr
and hr above the earth is given by

dv= Q/ZRhT JH/ZRhR
where hr is the height of receiving antenna. FIGURE-6: Various propagation modes for em waves
Television broadcast, microwave links and satellite communication are some examples of communication
systems that use space wave mode of propagation. Figure—6 below summarises the various modes of wave
propagation discussed so far.

Solved Example

Answer : 3)

Answer : (4)

Example 1. In which frequency range, space waves are normally propagated [EAMCET 2002]
(1) HF (2) VHF (3) UHF (4) SHF
Example 2. An antenna behaves as resonant circuit only when its length is [MNS 2002]
A A
1) — 2) —
) > 2 4
Ao . A
3) A (4) 5 or integral multiple of 5
Example 3. The process of superimposing signal frequency (i.e. audio wave) on the carrier wave is known
as [AIIMS 1987]
(1) Transmission (2) Reception (3) Modulation (4) Detection
Solution. (3) Carrier + signal - modulation.
Example 4. Long distance short-wave radio broadcasting uses [AFMS 1996]
(1) Ground wave (2) lonospheric wave  (3) Direct wave (4) Sky wave

Answer : 3)



Example 5. The maximum distance up to which TV transmission from a TV tower of height h can be

received is proportional to [AIIMS 2003]
(1) h2 (2)h (3) h3? (4) h?

Solution : (1)d=Vv2hR — g« h12

Example 6. A transmitting antenna at the top of a tower has a height 32 m and the height of the receiving

antenna is 50 m. What is the maximum distance between them for satisfactory communication
in LOS mode? Given radius of earth 6.4 x 106 m.

Solution : dm = \2x64x10° x 32 + 2% 64x10° x50 m

=64 x 102 x 10 +8 x 103 x 10 m = 144 x 102 x /10 m = 45.5 km

Example 7. In a communication system, noise is most likely to affect the signal
(1) At the transmitter (2) In the channel or in the transmission line
(3) In the information source (4) At the receiver
Answer : (2)
Example 8. The waves used in telecommunication are
D IR (2) UV (3) Microwave (4) Cosmic rays
Solution : (3) In telecommunication microwaves are used.

Example 9. Television signals on earth cannot be received at distances greater than 100 km from the

transmission station. The reason behind this is that

(1) The receiver antenna is unable to detect the signal at a distance greater then 100 km
(2) The TV programme consists of both audio and video signals

(3) The TV signals are less powerful than radio signals

(4) The surface of earth is curved like a sphere

Answer : 4)

AN

Modulation and its necessity

As already mentioned, the purpose of a communication system is to transmit information or message
signals. Message signals are also called baseband signals, which essentially designate the band of
frequencies representing the original signal, as delivered by the source of information. No signal, in
general, is a single frequency sinusoid, but it spreads over a range of frequencies called the signal
bandwidth. Suppose we wish to transmit an electronic signal in the audio frequency (AF) range
(baseband signal frequency less than 20 kHz) over a long distance directly. Let us find what factors
prevent us from doing so and how we overcome these factors.

Size of the antenna or aerial

For transmitting a signal, we need an antenna or an aerial. This antenna should have a size
comparable to the wavelength of the signal (at least A/4 in dimension) so that the antenna properly
senses the time variation of the signal. For an electromagnetic wave of frequency 20 kHz. the
wavelength A is 15 km. Obviously, such a long antenna is not possible to construct and operate. Hence
direct transmission of such baseband signals is not practical. We can obtain transmission with
reasonable antenna lengths if transmission frequency is high (for example, if v is 1MHz, then A is
300 m). Therefore, there is a need of translating the information contained in our original low frequency
baseband signal into high or radio frequencies before transmission.



Effective power radiated by an antenna

A theoretical study of radiation from a linear antenna (length ¢) shows that the power radiated is
proportional to (¢ /A)2. This implies that for the same antenna length, the power radiated increases with
decreasing 2, i.e., increasing frequency. Hence, the effective power radiated by a long wavelength
baseband signal would be small. For a good transmission, we need high powers and hence this also
points out to the need of using high frequency transmission.

Mixing up of signals from different transmitters

Another important argument against transmitting basband T_im‘ eperiod T ~_ 2r
signals directly is more practical in nature. Suppose many oo : T
people are talking at the same time or many transmitters are ~ Amplitude i /\ : R
transmitting baseband information signals simultaneously. As U \Tiye—» e
these signals will get mixed up and there is no simple way to ()

distinguish between them.

This points out towards a possible solution by using communication at Zj::ﬁon

high frequencies and allotting a band of frequencies to each message — A

signal for its transmission. E:ése ;Tlse Pulse
The above arguments suggest that there is a need for translating N >) J amplitude
the original low frequency baseband message or information

signal into high frequency wave before transmission such that the ®)

translated signal continues to possess the information contained  FIGURE-7: (a) Sinusoidal, and

in the original signal. (b) pulse shaped signals

In doing so, we take the help of a high frequency signal, known as the carrier wave, and a process
known as modulation which attaches information to it.
The carrier wave may be continuous (sinusoidal) or in the form of pulses as shown in figure-7 below.
A sinusoidal carrier wave can be represented as c(t) = Ac sin (oct + ¢)
where c(t) is the signal strength (voltage or current), Ac is the amplitude, wc (= 2nvc) is the angular
frequency and ¢ is the initial phase of the carrier wave. During the process of modulation, any of the
three parameters, i.e. Ac, oc and ¢, of the carrier wave can be controlled by the message or information
signal. This results in three types of modulation. (i) Amplitude modulation (AM), (i) frequency
modulation (FM) and (iii) pulse modulation (PM) as shown below.
A sinusoidal carrier wave can be represented as c(t) = Ac sin (oct + ¢)
where c(t) is the signal strength (voltage or current), Ac is the amplitude, wc (= 2nvc) is the angular
frequency and ¢ is the initial phase of the carrier wave. During the process of modulation, any of the
three parameters, i.e. Ac, ocand ¢, of the carrier wave can be controlled by the message or information
signal. This results in three types of modulation. (i) Amplitude modulation (AM), (ii) frequency
modulation (FM) and (iii) pulse modulation (PM) as shown below.
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FIGURE-8



Similarly, the significant characteristics of a pulse are : pulse amplitude, pulse duration or pulse Width,
and pulse position (denoting the time of rise or fall of the pulse amplitude) as shown in Fig. 15.7(b).
Hence, different types of pulse modulation are : (a) pulse amplitude modulation (PAM), (b) pulse
duration modulation (PDM) or pulse width modulation (PWM), and (c) pulse position modulation (PPM).
In this chapter, we shall confine to amplitude modulation only.

MODULATION

! !
Continuous wave Pulse wave
modulation modulation
[
v | I}
Amplitude Frequency Phase
modulation modulation modulation
AM FM PM
v 1)
Pulse Pulse time Pulse code
Amplitude modulation modulation
modulation PTM PCM
PAM
I
) }
Pulse width Pulse
modulation %Osl't't‘f’"
modulation
PWM PPM

Amplitude Modulation
In amplitude modulation the amplitude of the carrier is varied in accordance with the information signal.
Here we explain amplitude modulation process using a sinusoidal signal as the modulating signal.
Let c(t) = Ac sin wct represent carrier wave and m(t) = Amsin omt represent the message or the
modulating signal where om = 2nfm is the angular frequency of the message signal. The modulated
signal cm (t) can be written as

Cm (t) = (Ac + Am sSin omt) Sin oct

=Ac 1+A—msincomt sneot 0]
AC

Note that the modulated signal now contains the message signal. This can also be seen from
figure—8(c). From Egq. (i), we can write,

Cm (t) = Ac sin wct + pAc SN omt SiIN,t (i)
Here p = Am/Ac is the modulation index; in practice, p is kept < 1 to avoid distortion.
Using the trignomatric relation sin A sin B = 1/2 (cos (A — B) — cos (A + B),
we can write cm (t) of Eq. (ii) as

. A

Cm(t) = Ac Sin oct + HZC cos (mc+om)t (iii)

€oSs (oc — om) t —

HAC
2
Here oc — om and oc + om are respectively called the lower side and upper side frequencies. The
modulated signal now consists of the carrier wave of frequency wc plus two sinusoidal waves each with
a frequency slightly different from, known as side bands. The frequency spectrum of the amplitude

modulated signal is shown in figure—9.
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FIGURE-9: A plot of amplitude versus o for
an amplitude modulated signal



As long as the broadcast frequencies (carrier waves) are sufficiently spaced out so that side bands do
not overlap, different stations can operate without interferring with each other.

Modulation index : The ratio of change of amplitude of carrier wave to the amplitude of original carrier
wave is called the modulation factor or degree of modulation or modulation index (ma).
_ Change in amplitude of carrier wave KA,

a Amplitude of original carrier wave B A

where k = A factor which determines the maximum change in the amplitude for a given amplitude Em of

the modulating. If k = 1 then ma = Am _ Amax = Amin
c Amax - Amin

If a carrier wave is modulated by several sine waves the total modulated index mt is given by

me = \/mf +M34+m3 +..,
Side band frequencies and band width in AM wave
(i) Side band frequencies : The AM wave contains three frequency fe, (fc + fm) and (fc — fm), fc is called
carrier frequency,
(fc + fm) : Upper side band (USB) frequency
(fc — fm) : Lower side band (LBS) frequency
Side band frequency are generally close to the carrier frequency.
(i) Band width : The two side bands lie on either side of the carrier frequency at equal frequency

interval fm.
So, band width = (fc + fm) — (fc — fm) = 2fm
A

maEc

2

Voltage

Amplitude

(f—f.) f, f,+f.) Frequency
¢ 2f >l

. . . N V,
Power in AM waves : Power dissipated in any circuit P = %

%)

V2) _ AL

R 2R

(maAc j [mach

2\2 22 ) _miAZ
R

" 2R 4R

Hence (i) carrier power P, =

(i) Total power of side bands Psp =

AZ(  m?
(i) Total power of AM wave Protal = Pc + Pab = ? 1+7a

P
W) 5=

c

(l+m—§J and " _ m3 /2

2 P, (ngJ
2



(v) Maximum power in the AM (without distortion) will occur when ma=1i.e., Pt=1.5P = 3Pab
(vi) If lc = Unmodulated current and I: = total or modulated current

2 2
P. 12 I, 2

Limitation of amplitude modulation

(i) Noisy reception (i) Low efficiency

(iii) Small operating range (iv) Poor audio quality
PRODUCTION OF AMPLITUDE MODULATED WAVE :

Amplitude modulation can be produced by a variety of methods. A conceptually simple method is
shown in the block diagram of figure—10.

BANDPASS AM Wave
e Y . rsauareAw] Y FILTER R
S DEVICE “1 CENTRED
A, sin o,t l{ AT o,
[Modulating /i‘
Signal] Bx(t)+Cx(t)®
c(t)
Asin ot

(carrier)
FIGURE-10: Block diagram of a simple modulator
for obtaining an AM signal

Here the modulating signal Am sin omt is added to the carrier signal Ac sin oct to produce the signal x(t).
This signal x(t) = Amsin omt + Ac Sin wct is passed through a square law device which is a non-linear
device which produces an output

y(t) = B x(t) + Cx*(t)
where B and C are constants. Thus,

y(t) = BAm sin omt + BAc sin oct + C[Am? Sin? omt + Ac?Sin? wct + 2AmAc Sinmmt sin wct]

2 2 2

. . CA CA A
= BAmSin omt + BAc sin oct + 2m + A2 — 2m COS 2@mt — € cos2amct

+ CAmAccOS(wec — om)t — CAmAcCOS(0c + om)t (v)

where the trigonometric relations sin?A = (1 — cos2A)/2 and the relation for sin A sin B mentioned earlier
are used.

In equation (v), there is a dc term C/2 (Am? + Ac?) and sinusoids of frequencies om,2mm, oc, 2@c, ®c — Om
and oc + om. As shown in figure—10 this signal is passed through a band pass filter which rejects dc and
the sinusoids of frequencies om, 2om and 2w and retains the frequencies wc, wc — om and wc + om. The
output of the band pass filter therefore is of the same form as equation (iii) and is therefore an AM wave.

It is to be mentioned that the modulated signal cannot be transmitted as such. The modulator is to be
followed by a power amplifier which provides the necessary power and then the modulated signal is fed
to an antenna of appropriate size for radiation as shown in figure.

TRANSMITTING

ANTENNA
m(t)
N AMPLITUDE POWER
) MODULATOR AMPLIFIER
M ge signal T
Carrier

FIGURE-11: Block diagram of a transmitter



DETECTION OF AMPLITUDE MODULATED WAVE

The transmitted message gets attenuated in propagating through the channel. The receiving antenna is
therefore to be followed by an amplifier and a detector. In addition, to facilitate further processing, the
carrier frequency is usually changed to a lower frequency by what is called an intermediate frequency
(IF) stage preceding the detection. The detected signal may not be strong enough to be made use of and
hence is required to be amplified. A block diagram of a typical receiver is shown in figure-12.

RECEIVING
ANTENNA

OUTPUT
AMPLIFIER |—>| IF STAGE |—>| DETECTOR |—>| AMPLIFIER |—>

FIGURE-12: Block diagram of a receiver
Detection is the process of recovering the modulating signal from the modulated carrier wave. We just
saw that the modulated carrier wave contains the frequencies wc and oc = om. In order to obtain the

Received signal

original message signal m(t) of angular frequency om a simple method is shown in the form of a block
diagram in figure-13.

AM wave m(t)
ENVELOPE
4>| RECTIFIER |—> DETECTOR —> OUTPUT
lm) k/“\\:jj>’\\\
time ‘ time ”
AM input wave Rectified wave Output (without RF component)

FIGURE-13: Block diagram of a detector for AM signal.
The quantity on y—axis can be current or voltage

The modulated signal of the form given in (a) of figure-13 is passed through a rectifier to produce the
output shown in (b). This envelope of signal (b) is the message signal. In order to retrieve m(t), the
signal is passed through an envelope detector (which may consist of a simple RC circuit).

This is essentially just a half wave rectifier which charges a capacitor to the peak voltage of the
incoming AM waveform, S(t). When the input wave’s amplitude increases, the capacitor voltage in
increased via the rectifying diode. When the input’'s amplitude falls, the capacitor voltage is reduced by
being discharged by a ‘bleed’ resistor, R. The main advantage of this form of AM demodulator is that it
is very simple and cheap !

The circuit relies upon the behaviour of the diode-allowing current through when the input is +ve with
respect to the capacitor voltage, hence ‘topping up’ the capacitor voltage to the peak level, but blocking
any current from flowing back out through the diode when the input voltage is below the capacitor
voltage.

Consider what happens when we have a carrier frequency, fc, and use an envelope detector whose

. . . . . 1
time constant, T = (RC). The time between successive peaks of the carrier willbe T = T

Cc
Each peak will charge the capacitor to some voltage, Vpeak, Which is proportional to the modulated
amplitude of the AM wave. Between each peak and the next the capacitor voltage will therefore be
discharged to

Vpeak = Vpeak EXp{-T/1}



which, provided that T << 1, is approximately the same as

Vpeak ~ Vpeak |:l_ T/ T:I

The peak-to-peak size of the ripple, AV, will therefore be
VpeakT _ Vpeak

T fot

AV =

A sudden, large reduction in the amplitude of the input AM wave means that capacitor charge isn’t
being ‘topped up’ by each cycle peak. The capacitor voltage therefore falls exponentially until it reaches
the new, smaller, peak value. In practice the modulating signal is normally restricted to a specific
frequency rang. This limits the maximum rate of fall of the AM wave’s amplitude. We can therefore hope
to avoid negative peak clipping by arranging that the detector’s time constant t << tm where
tm=1/fm
and fm is the highest modulation frequency used in a given situation.
The above implies that we can avoid negative peak clipping by choosing a small value of t. However to
minimise ripple we want to make t as large as possible. In practice we should therefore choose a value
1/ fm >>t>> 1/fe
Envelope detector only work satisfactorily when we ensure this inequality is true. With the modulation
index and the resistor the capacitor can be computed by

2
[s)
m
C<

~ 2nRf, (max)

Solved Example

Example 10. AM is used for broadcasting because

(1) It is more noise immune than other modulation systems

(2) It requires less transmitting power compared with other systems

(3) Its use avoids receiver comlexity

(4) No other modulation system can provide the necessary bandwidth faithful transmission

Answer : 3)

Example 11. Range of frequencies allotted for commercial FM radio broadcast is [MNR 1997]
(1) 88 to 108 MHz (2) 88 to 108 kHz (3)8to 88 MHz s (4) 88 t0 108 GHz

Answer : (1)

Example 12. If wu and p2 are the refractive indices of the materials of core and cladding of an optical fibre,
then the of light due to its leakage can be minimised by having [BVP 2003]
(1) > p2 (2) m < p2 (3) = p2 (4) None of these

Answer : Q)

Example 13. The radio waves of frequency 300 MHz to 3000 MHz belong to [AMU 2002]
(1) High frequency band (2) Very high frequency band
(3) Ultra high frequency band (4) Super high frequency band

Answer :

3)



Example 14. The maximum peak to peak voltage of an AM wire is 24 mV and the minimum peak to peak

voltage is 8 mV. The modulation factor is

(1) 10% (2) 20% (3) 25% (4) 50%
Solution : (4) Here, Vmax = 2—24 =12mV and Vmin = % =4 mVv
Now, m = max ~Vmn _12-4_ 8 _1 _5_ 509
Viax + Vimin 12+4 16 2
Example 15. If a number of sine waves with modulation indices ni, nz, ns ......... modulate a carrier wave, then
total modulation index (n) of the wave is
(D) ni+nz..... +2(N1+ N2 ........ ) (2) Jni—ny N5,
©) \/nf +N5 N3, (4) None of these

Answer : 3)

Example 16. An AM wave has 1800 watt of total power content, for 100% modulation the carrier should have

power content equal to
(1) 1000 watt (2) 1200 watt (3) 1500 watt (4) 1600 watt

Solution : (2) Pt=Pc;Herema=1 = 1800=P: = P:=1200W

AR

FREQUENCY MODULATION

(Note : In JEE-Main Syllabus but not for CBSE Board Syllabus)

It is the second type of continuous wave or sinusoidal wave modulation.

In this mode of modulation, the frequency of the carrier signal varies in accordance with the modulating
signal. The amplitude of the carrier wave is fixed while its frequency is changing.

In frequency modulation, the frequency of the carrier wave is modified in accordance with the amplitude
of the modulating wave.

The amplitidue of the carrier remains unchanged at all times. In other words, the amplitude of the
modulated wave remains the same as the amplitude of the carrier wave. The frequency of the carrier is
made to fluctuate symmetrically above and below its unmodulated frequency. As an example, a carrier
frequency, of 1000 kHz may be caused to swing between 925 kHz and 1075 kHz

Modulating /\ /\
Wave : \/ \/

Frequency
Modulation
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or any other amount chosen in accordance with the signal voltage. In frequency modulation, the
deviation of the carrier frequency from its average value is proportional to the instantaneous amplitude
of the modulating signal. When the signal voltage is zero, the carrier frequency is unchanged. When the
signal approaches its positive peaks, the carrier frequency is increased to maximum as indicated by the
closely spaced cycles. However, during the negative peaks of signal, the carrier frequency is reduced to
minimum as shown by widely spaced cycles.

NECESSITY OF FREQUENCY MODULATION

1. Various electrical machines and noises cause amplitude disturbance in the transmission of
amplitude-modulated wave. This makes the reception noisy. So, there is a need for different type of
modulation which can reduce the noise factor. Frequency modulation (FM) was proposed as a
means of improving the signal-to-noise ratio of a radio system. The first practical system was put
forward in 1936 as an alternative to AM in an effort to make radio transmissions more resistant to
noise.

2. Fidelity or audio quality of amplitude modulated transmission is poor. This type of transmission is
also not good for musical programmes. There is a need to eliminate amplitude-sensitive noise. This
is possible if we eliminate amplitude variation. In other words, there is a need to keep the amplitude
of the carrier constant. This is precisely what we do in frequency modulation.

FM is preferred for transmission of music

Frequency modulation (FM) gives better quality transmission and has a larger bandwidth. In FM
signals, the intelligence (information or message signal) is in the form of frequency variations and,
therefore, the atmospheric or man-made noises (which are generally amplitude changes) do little harm.
It is preferred for transmission of music. The range of frequencies allotted for commercial FM radio and
TV -broadcast are given in table below

Range of Frequencies allotted for FM Radio and TV Broadcast

Nature of broadcast Frequency band
FM radio 88 to 108 MHz
VHF TV 47 to 230 MHz
UHE TV 470 to 960 MHz

Frequency Modulation (FM)

The process of changing the frequency of a carrier wave in accordance with the audio frequency signal

is known as frequency modulation

(1) Audio quality of AM transmission is poor. There are need to eliminate amplitude sensitive noise.
This is possible if we eliminate amplitude variation. (i.e., a need to keep the amplitude of the carrier
constant). This is precisely what we do in FM.

(2) In FM the overall amplitude of FM wave remains constant at all times.

(3) In FM the total transmitted power remains constant.

—> —_—

(A) HF carrier wave (B) LF modulating wave (C) FM wave



(4)

(5)

Frequency deviation : The maximum change in frequency from mean value (v¢) is known as
frequency deviation. This is also the change or shift either above or below the frequency v and is
called as frequency deviation.
0= (fmax—fc) = fc — fmin = ks . E—m
2n
ki = Constant of proportionality. It determines the maximum variation in frequency of the modulated
wave for a given modulating signal.
Carrier swing (CS) : The total variation in frequency from the lowest to the highest is called the

carrier swing i.e., CS = 2 x Af

(6) Frequency modulation index (my¢) : The ratio of maximum frequency deviation to the modulating

(7)

(8)

(9)

. L f .. —f f—f.
frequency is called modulation index. ms = O Tma=le  To—hmin _ KiEm
fm fm fm fm
Frequency spectrum : FM side band modulated signal consist of infinite number of side bands
whose frequencies are (fc £ fm), (fc £ 2fm), (fc £ 3fm).........
The number of side bands depends on the modulation index m.

Amplitude

(f—-2f,) (f-f,) f (f+f,) (f.+2f ) Frequency >

In FM signal, the information (audio signal) is contained in the side bands. Since the side bands are
separated from each other by the frequency of modulating signal fm so

Band width = 2n x fn ; where n = number of significant side band pairs

Deviation ratio : The ratio of maximum permitted frequency deviation to the maximum permitted

. . I . i . Af
audio frequency is known as deviation ratio. Thus, deviation ratio = %
m/max
Percent modulation : The ratio of actual frequency deviation to the maximum allowed frequency
(Af)actual

deviation is defined as percent modulation. Thus, percent modulation, m = )
max

FREQUENCY-MODULATED COMMUNICATION (Height of Transmitting Antenna)
The TV signals are frequency-modulated. Their transmission cannot be obtained by ground wave

propagation. This is because the signals get absorbed by ground due to their high frequency. The
transmission via sky wave propagation is also not desirable. This is becasuse the ionosphere is unable
to reflect radio waves of frequencies greater than 40 MHz.

The only way for the transmission of TV signals is that the receiving antenna should directly intercept
the signal from the transmitting antenna.

The transmitted waves, travelling in a straight line, directly
reach the receiver end and are then picked up by the receiving
antenna as shown in figure. It can be seen that due to the finite
curvature of the earth, such waves cannot be seen beyond the
tangent points R1 and Rz. The effective reception range of the

Radiated

broadcast is essentially the region from Ri to Rz which is wave

covered by the line of sight in a conventional sense. Hence,
sometimes this mode of communication is termed as line of
sight communication.

Fig. Ray-path of transmitted waves following space-wave (or R,

line of sight) mode of propagation. The transmitter is locatedat / &+ __..-=" i

the ground on a tall tower. C

For large TV coverage, the transmission of TV signal is done
from a tall antenna.



Consider a TV antenna OP of height h. The transmitted signal cannot be received beyond points R1
and Rz. This is due to curvature of earth.
Clearly, OR1 and OR: are the maximum distances, from the antenna, upto which the transmission
signal can be received.
Let OR1=0ORz2=d [d is half the total range]
The TV signal will be received in a circle of radius d.
The relation between height h of the TV antenna and the maximum distance d upto which the TV signal
can be received can be derived on the basis of geometrical considerations.
From right-angled triangle CR2P, CP2 = CR2? + PR2?
In right-angled triangle POR2, PR22 = h2 + d2
[Note that Z/POR:2 can be taken as right angle.]
Also, CR:2=CO=RandCP=R+h
From Equation (1),
(R+h)2=R2+ (h2+d?

or  RZ+h2+2Rh=RZ+h2+d? or  d=v2Rh

It is clear from this equation that if h is large, d will be large. This explains as to why the television
broadcasts are made from tall antennas.

If one wishes to send signals at far away stations, then either Repeater transmitting stations are
necessary or h is increased (by locating the transmitter on a satellite). However, much before the
advent of satellites, radio broadcast covered distances much longer than the line of sight propagation.
This was found possible due to the presence of an ionised layer in the upper portion of earth’s
atmosphere called ionosphere. This mode of propagation known as ionospheric propagation or sky
wave propagation.

Solved Example

Example 17. A TV tower has a height of 75m. What is the maximum distance and area up to which this TV

transmission can be received? Take radius of the earth as 6.4 x 106 m.

Solution : d= V2Rh = \[246.4x10°x75 = 3.1 x 10*m = 31 km

Area covered = nr2 = 3018 km?

Example 18. A TV tower has a height of 100 m. How much population is covered by the TV broadcast if the

average population density around the tower is 1000 km=2 ? Given : radius of earth = 6.37 x 106 m.

Solution : h =100 m, R = 6.37 x 106 m, Average population density = 1000 km=2 = 1000 (10%)2 m=2 = 10-3m2

Distance up to which the transmission could be viewed, d = v2hR
Total area over which transmission could be viewed = nd? = 2rzhR
Population covered = 10-2 x 2thR = 103 x 2 x 3.14 x 100 x 6.37 x 10% = 40 lakh

Demodulation

The process of extracting the audio signal from the modulated wave is known as demodulation or
detection.

The wireless signals consist of radio frequency (high frequency) carrier wave modulated by frequency
(low frequency). The diaphragm of a telephone receiver of a loud speaker cannot vibrate with high
frequency. So it is necessary to separate the audio frequenies from the radio frequency carrier wave.



Simple demodulator circuit

A diode can be used to detect or demodulate an amplitude modulated (AM) wave. A diode basically
acts as a rectifier i.e., it reduces the modulated carrier wave into positive envelope only.

The AM wave input is shown in figure. It appears at the output of the diode across PQ as a rectified
wave (since a diode conducts only in the positive half cycle). This rectified wave after passing through
the RC network does not contain the radio frequency carrier componet. Instead, it has only the

o . 1
envelope of the modulated wave. In the actual circuit the value of RC is chosen such that f—<< RC ;
Cc

where fc = frequency of carrier signal.
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Data Transmission and Retrieval :
The term data is applied to a representation of facts, concepts or instructions suitable for communication
interpretation or processing by human beings or by automatic means. Data in most cases consists of pulse
type of signals.
The pulse code modulated (PCM) signal is a series of 1’s and 0’s. The following three modulation
techinques are used to transmit a PCM signal.

-l
~ll

(1) Amplitude shift keying (ASK) : Two different amplitudes of the carrier represent the two binary
values of the PCM signal. This method is also known as on-off keying (OOK)
(1) : Presence of carrier of same constant amplitude.
(O) : Carrier of zero amplitude.

(2) Frequency shift keying (FSK) : The binary values of the PCM signal are represented by two
frequencies.
(1) : Increase in frequency (0) : Frequency unaffected

(3) Phase shift keying (PSK) : The phase of the carrier wave is changed in accordance with
modulating data signal.

(1) : Phase changed by « (0) : Phase remains unchanged.

A

A

001104100010

(A) Carrier wave (B) Modulating source code

A
A

A ARARAR-

(C) ASK modulated wave (D) FSK modulated wave (E) PSK modulated wave




Example 19.

Solution :

Example 20.

Solution :

Example 21.

Answer :

Example 22.

Answer :

Example 23.

Answer :

Example 24.

Solution :

Example 25.

Answer :

Example 26.

Answer :

Example 27

Answer :

Solued Example

What is the modulation index of an over modulated wave
@1 (2) zero (3 <1
(4) When ma > 1 then carrier is said to be over modulated.

4>1

Which of the following is the disadvantage of FM over AM

(1) Larger band width requirement (2) Larger noise

(3) Higher modulation power (4) Low efficiency

(1) Frequency modulation requires much wider channel (7 to 15 times) as compared to AM.

When the modulating frequency is doubled, the modulation index is halved and the modulating
voltage constant the modulation system is
(1) Amplitude modulation
(3) Frequency modulation

3)

Indicate which one of the following system is digital
(1) Pulse position modulation (2) Pulse code modulation
(3) Pulse width modulation (4) Pulse amplitude modulation

(2)

In an FM system a 7 kHz signal modulates 108 MHz carrier so that frequency deviation is
50 kHz. The carrier swing is
(1) 7.143 (2)8
1)

Sinusoidal carrier voltage of frequency 1.5 MHz and amplitude 50 V is amplitude modulated by

sinusiodal voltage of frequency 10 kHz producing 50% modulation. The lower and upper
side-band frequencies in kHz are

(2) Phase modulation
(4) All of the above

(3)0.71 (4) 350

1 1 1 1

(1) 1490, 1510 S . @) —— —
1490'1510 15101490

(2) 1510, 1490 3)

(1) Here, fc = 1.5 MHz = 1500 kHz, fm = 10 kHz
Lower side band frequency
= fc — fm = 1500 kHz — 10 kHz = 1490 kHz
Upper side band frequency = fc + fm = 1500 kHz + 10 kHz = 1510 kHz

If fo and fr represent the carrier wave frequencies for amplitude and frequency modulations
respectively, then
(1) fo > fr

2)

The frequency of a FM transmitter without signal input is called

(1) Lower side band frequency (2) Upper side band frequency
(3) Resting frequency (4) None of these

®3)

What type of modulation is employed in India for radio transmission
(1) Amplitude modulation (2) Frequency modulation
(3) Pulse modulation (4) None of these

1)

(2) fo < fr (3) fo = fi (4) fo= fr



Example 28. Consider telecommunication through optical fibres. Which of the following statements is not

true [AIEEE 2003]
(1) Optical fibres may have homogeneous core with a suitable cladding

(2) Optical fibres can be of graded refractive index

(3) Optical fibres are subject to electromagnetic interference from outside

(4) Optical fibres have extremely low transmission loss

Answer : 3)

Example 29  The phenomenon by which light travels in an optical fibres is [DCE 2001]
(1) Reflection (2) Refraction
(3) Total internal reflection (4) Transmission

Answer : 3)

g

A.

[Only for Board Syllabus, not for JEE Syllabus]
INTERNET

Introduction :

Invention of computers changed the working style of people in twentieth century. Its capability to
tirelessly and sequentially do arithmetical and logical operations made the human life simpler and
faster. Offices, universities, banks, schools etc. nothing remained unaffected by use of computers. This
was not enough and before the end of twentieth century we succeeded in creating a global network of
computers that provides ways to exchanged information and to communicate among all computers
connected to the network. This global network of computers is what we now call internet (or simply net).
Internet, in fact, is the short form of INTER-NET work which is the interconnected network of all
worldwide servers.

Networking of computers : The way Internet works

Two or more than two computers are said to be networked g’ C e petter
when they are able to exchange information between them. F ]

This sharing of information can be through wires connecting ‘

these computers or some wireless means of communication caimle:
like Wi-Fi. ,. =

Printes

Networking of computers at small scale (e.g. within an office, Nares L mp“ o

a building or a school) is called Local Area networking (LAN). Q N

One can also connect devices like printer, scanner, etc. to a @ ¢ Compurer » Ompm
LAN as shown in the figure below. ALotil Afte Notwork {LAN)

A Local Area Network (LAN)

_Ong ce_m built such a _Iocal area network of §omputers within an LAN | | LAN
institution by connecting all or some of their computers. Every /-

LAN has some main computers called server computers. LAN-

These servers are used to connect LAN to other networks \

through telephone lines or satellites. In this way by connecting AN | A

various LAN, a Wide Area Network (WAN) is created as shown
in the figure.



Various inter linked WAN together constitute what we call an
Internet as shown in the figure. All information related to a local
network is stored in server computer of LAN. The servers of
every LAN act as channel for information exchange between
computers connected to LAN and also servers of other
networks. Every computer that extracts information from a
server is called a client computer.

Frrmation of Internet

First network of computers called Advanced Research Projects Agency NET work (ARPANET) was
developed by US Department of Defense in 1969. By 1990, many countries of the world came up with a
common set of rules for Internet communication among computers called protocols. Nowadays,
standard sets of protocols called Transmission control Protocol/Internet Protocol (TCP/ IP) are used for
exchange of information trough Internet.

It is important to note that the exchange of information on Internet is very fast (at the speed of light) as
electronic signals (messages) of computers are communicated through electromagnetic waves.

In India, Internet was started in November 1988 by VSNL (Videsh Sanchar Nigam Limited) in Mumbai.
On Internet, information is provided / available through webpages to may contain text, images videos,
etc. one can move from on webpage on Internet to another through a system called interlinked
hypertext documents. In this system, one webpage is linked to another webpage by providing
hyperlinking (a way of highlighting) to any text, image of video. This way of accessing information on
Internet through interlinking of webpage is called www or World Wide Web.

Anyone can provide specific information on Internet by making a couple of webpages containing that
information. Such a set of webpages together constitute a website. One can design a website of own
organization containing information about its different aspects and its activities.

Anyone can connect its computer to the internet network through various Internet Service Providers
(ISP) by paying a prescribed fee. Commonly, mobile network companies also acts as ISP.

Applications of Internet

People use Internet for many purposes like searching and viewing information on any topic of interest,

for sending electronic mails (e-mails), for e-banking, e-shopping (e-commerce), e-booking (e-ticketing)

etc. This list of uses of Internet is endless.

(i) Internet Surfing : Moving on Internet from one webpage/website to another is called Internet
surfing. It is an interesting way of searching and viewing information on any topic of interest.

(i) E-mail : E-mail means “electronic mail”. This is the most used application of Internet. E-mail is a
way of sending texts written on computers through Internet. Along with text one can send images
and videos too. This is cheapest and fastest way of sending messages.

For using this facility of Internet one needs to create a personal email account with an email-Id
(identity) or email address. Email-Id is like an identity card (Name and address) through which
people can identify and communicate to you through Internet. A few websites provides free email
accounts and Ids to Internet users. These email-lds are password protected and thus no one other
than whom it belongs can use them. Internet Service Provides (ISP) also provide email-lds.
“prakrittyagi @gmail.com” is an emal Id. Its two parts :
(i) Part before @ sign: prakrittyagi

It is personal information part. Here it denotes a name Prakrit Tyagi
(if) Part after @ sign : gmail.com
It is called a domain name. It provides information about the server that is providing this email facility.
A message sent through email is instantly delivered to the addressee because communication of
messages is by means of electromagnetic waves through Internet. Beauty of email lies in the fact
that a message is stored in a email account even at a time when its user is not connected to
Internet, which can be viewed later.
Email's use is increasing day by day. We can even send personalized greeting cards through
email. To day it has become an extremely popular communication tool.



(iii) E-banking : It is an electronic payment system allowing customers to proceed for financial

transactions on a website operated by that financial institution (usually a bank). For this purpose,
customer needs to be a member of that institution, needs to have internet access and must register
with the institution for the service. In turn, the financial institution provides the login number and
password to the customer for his/her unique identifiction. With the help of this facility a customer
can link his account with any other facilities such a checking on line status of the balance, check
book requisition, loan, recurring, credit card, debit card etc.

(iv) E-shopping (E-commerce) : Virtual Malls are available on Internet where on can view and order to

(v)

purchase various products. Buying products through product selling websites is called e-shopping.
These websites provide the buyer pay cash on delivery or making on-line payments (using
e-banking or credit cards) options. Similarly, there are websites on which one can upload (put)
photographs of products, which you want to sell. This trading of products using Interned along with
many other market related activities is called e-commerce.

E-booking (e-ticketing) : It is an application developed for ticket reservation through the Internet to
help the travel and tourism industry. It helps consumers to book flight tickets, railway tickets, hotels,
holiday packages, insurance and other services online.

To book an e-ticket, a customer needs to visit a home page of an Airline Company or Indian
Railways. Once he/she enters the travel preference, gets an opportunity to view the available
flights/ trains through an appropriate interface. Once the choice is fixed, the customer needs to
flights/ trains through an appropriate interface. Once the choice is fixed, the customer needs to
select the mode for transfer of money. Once the payment is done through an authentic mode (like
e-banking), an online ticket is issued to the customer.

(vi) Social Networking : It is service providing a platform to the people having same interests to build a

social network. It is a web-based service allows an individual to create his/her own profile, list of
user with whom they want to connect. The service allows the user to share their ideas, pictures,
events, activities etc, with their group. Facebook, Twitter, Google+ etc. are some popular social
networking sites.

MOBILE TELEPHONY

Introduction :

As we look around, in markets, on trains and buses, people crossing streets, we can see many
individual talking on cell phones or mobile phones. Mobile phones have change the way we live and
communicate. With advancement of technology, look and utility of mobile phone has also undergone
change. In latest mobile phones, along with making and receiving phone calls one can also :

Store contact information

Make task or to-do lists

Keep track of appointments and set reminders

Use the built- in calculator for simple math

Send or receive e-mail

Get information (news, entertainment, stock quotes) from the Internet
Play games

Listen radio/music and watch TV

Send text messages

Take photos and videos etc.

In a say, today’s mobile phone is a handy computer equipped with Internet.



In ordinary land line phones, phone instruments are connected to a telephone exchange through
electric wires, which in turn connect our phone calls to the other phones. However, wire connections
limit the mobility of a land line phone. Mobile phone technology has successfully overcome this
limitation. Mobile phone is a low power operated device (transmitter), which can wirelessly send and
receive radio frequency signals. Before this, walkie-talkie was also a wireless system of communication.
You must have seen a policeman talking on his wireless set. After completing one sentence, he says
“‘Over” and them listens. This was because the same radio frequency is used for both sending and
receiving the audio signal. However, in a mobile phone, the outgoing and incoming signals use different
frequencies, so the two individuals can talk and listen at the same time.

Working principle of Mobile phone

In a mobile phone, it is possible to talk while moving. This
becomes possible because of a cellular radio network
technology (a replacement of telephone exchange system).
Under a cellular radio network a given physical area is

divided into smaller parts call cells (or cell zones). To l
completely cover a given area use of hexagonal cells is a J,“"
best possible way as shown in the figure.

In every hexagonal cell a radiop antenna is intalled to

receive and send radio signals to and from mobile phones

physically present within the cell. All antennas present

within an area are connected to each other through a

network (the way computers are connected in internet).

All network related works including handling of all the incoming and outgoing calls are managed by a
central control room called Mobile Telephone switching Office (MTSO). i.e. MTSO is basically a
telephone exchange for mobile phone calls.

Every cell antenna has a working range of minimum 1.5 to 2 km and maximum up to 48 to 56 or more
km are around it. When a mobile phone is switched on, MTSO records its location by identifying the cell
in which it is present. When a mobile phone user moves from one cell zone to another cell zone, MTSO
of its own switches mobile phone link to new cell antenna. This way, user gets an uninterrupted link to
talk while on move. Also, mobile phones use high frequency radio waves for conversation. Audio
signals of these waves are better. As mobile phones works on cell division of physical areas they are
also referred as cell phones.

Scientific process of a mobile phone call

When we dial a mobile number from your mobile phone,

Antenna
Antenna

Antenna

an oscillator circuit (frequency generator) inside the i y f——
T

mobile generates a particular frequency electromagnetic L . // ~y l fot \

. . . : o \

wave. This electromagnetic wave carrying called . 23y - /

lecicnagenc \ G /
number’s information is transmitted through antenna of s . \ /
your mobile to the antenna of the cell in which we are Y, . ¥ '@
present. The cell antenna in turn transfers this signal to [ A

\

/ Delvemagniic g -

m \

MTSO. The MTSO computer system identifies the ‘\” A s Presws o wxbhe s, o
location (cell) of the mobile phone you have dialed and \\ / s o

connects you to that phone. The caller mobile on
receiving your signal generates again through an
oscillator circuit your ID (mobile number) and displays it.
This whole process happens with in a few seconds as all the signals are transferred through
electromagnetic wave, which travel at the speed of light. Here, it is important to note that mobile phone
call is transferred from dialer cell antenna to MTSO and MTSO to caller cell antenna only through cell
antenna lying in between. That is why phone network is also called terrestrial cellular network.



Mobile Phone numbering system

Due to mobility of a mobile phone it is necessary to identify every mobile phone. Forth is, a SIM
(subscriber Identity Module) card in inserted in every mobile phone. SIM card is like an identity card of
its user. It is a small IC (integrated circuit) chip with a unique SIM number and a mobile phone number.
A typical SIM card is shown in the figure. All SIM cards are issued by mobile operator companies and
their information is provided to MTSO. After SIM verification, MTSO activates the mobile number of the
user. This makes a mobile phone usable. Every mobile number in India is of 10 digits.

All mobile numbers in India have the prefix 9, 8 or 7. As per National
Numbering Plan 2003, the way to split mobile number is as
XXXX-NNNNNN where XXXX is Network operator digits and NNNNNN is
the subscriber number digits. To regulate the use of mobile phones system
in India a Telecome Regulatory Authority of India (TRAI) was established in
1997 by an act of Parliament.

Mobile network Generation (1G, 2G, 3G & 4G)

With increasing use of mobile phones and advancement of technology it is pertinent to make the mobile
phone networks more efficient. The efficiency of mobile networks in mentioned by word ‘Generation’
and abbreviation ‘G’. 1G were first generation of mobile networks, which were based on analogue radio
signals. 2G were narrow band digital signal based networks with good quality of calls. They provided
world over connectivity. 3G networks increased the data transfer speed for efficient use of Internet on
mobile phone. 4G networks are going to provide a high-speed interned facility on mobile phones for
surfing net, chatting, viewing television, listening music etc.

SIM CARD

Global positioning system

Since ages man has invented various instruments to assist
him in navigation on earth. Magnetic compass is one of the Indira Gandhi International Alrport
oldest navigational instrument man has been using for many
centuries for direction identification on earth’s surface Global =

Positioning System (GPS) based devices are the latest
navigation assistance devices used these days. GPS devices
provide accurate real time location and much more
information to its user for easier and comfortable navigation AT e
even through his or her local streets. A commonly available Ropatite IR RIA R WSETR 8 :
GPS device is shown in the figure. When fitted in a car, it
shows speed of the car, time, longitude coordinates and map
of near-by area.

GPS DEVICE

What is Global Positioning System (GPS)?

Global positioning system GPS in a method of identifying location
or position of any point (or a person) on earth using a system of
24 satellites, which are continuously orbiting, observing,
monitoring and mapping the earth surface. Every such satellite
revolves around earth twice a day at a distance of about 20000
km from it. The given figure shows sketch view of 24 GPS
satellites orbiting around the earth.

The orbits of these satellites are so aligned that at least four of
them always keep looking any given point on earth surface. This
is minimum necessary requirement for correct and accurate
location identification through this system. In the given figure, the
given location at the instant is visible to 12 satellites.




Working principle of a GPS device

For using the GPS system of satellites, a person needs a GPS device fitted with a transmitter / receiver for
sending/receiving signals (electromagnetic radio waves) so that it can link up with GPS satellites in real time.
The unique location (or longitude coordinates) of a GPS user is determined by measuring its distance
from at least three GPS satellites. Based on these distance measurements, the location calculations
are done by the microprocessor (computing device) fitted in the GPS device.

For measuring distance of three GPS satellites from the GPS device user, the time taken by a radio
signal to travel from device to satellites and back are recorded by the GPS device.

For, example, if a radio signal takes 0.140 seconds to travel back from a satellite-1 to its GPS user.

(Speed of light x times)  3x10®m/sx0.140s
2 B 2

Then, Distance of satellite-1 from user =

= 4200km = 21000 km

Following the above method, let D1, D2 and D3 be the distances of three satellites from a GPS device

user. From this information, the identification of unique location of the GPS device user is done as

follows :

(1) If user is at distance “D1” from satellite-1. Then user's location can be anywhere on a
circumference of circle of radius “D1” from satellite-1 as shown in fig below.

Satellite 1

(2) If user is at a distance “D2” from satellite-2. The user’s location can be either at intersecting points
X or Y of circumferences of circles of radius D1 and D2 from satellite-1 and 2 respectively as shown
in figure below.

(3) If user is at a distance “D3” from satellite-3. Then user’s location will be at the intersecting point of
circumferences of circles of radius D1, D2 and D3 from satellite-1, 2 and 3 respectively as shown in
fig(c). i.e. here user is at point Y.




*

Satellite 1

\ .'f Satellite 2
*

This way, minimum three satellites together provide the exact location (longitude coordinates) of
the GPS device user on his display board.

If a person is at some height on earth surface, then using distance information from minimum
4-GPS satellites even altitude of the user can also be measured.

It may be noted that since all 24-GPS satellites orbit in predefined orbits, therefore their locations
are precisely predetermined. It is these known location of 3 or 4-GPS satellites (3 or 4 sets of
longitude coordinates) and their distances to GPS device that assist a GPS user (i.e. its computing
device) in locating its own longitude coordinates.

Applications of GPS
Global positioning system has many day-to-day applications :

It helps in navigation on water, air and land.

It assists in map designing of a location.

It helps automatic vehicle movements (without man)

One can measure speed of moving object using this technology

One can locate change in position of glaciers, mountains heights.

It assists in keeping standard time world over.

It assists in tracking animals and birds and studying their movements by attaching GPS devices
to their bodies.

it assists in airplane traffic movement.

It assists visually impaired in location identification.

Now-a-days, various devices like mobile phones, i-pad etc. come equipped with pre-loaded geographical
maps and GPS software which identifies the location of these devices using GPS system. GPS is a free
service available to anyone in the world with a GPS device
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@ Marked Questions can be used as Revision Questions.

PART-I: SINGLE CHOICE QUESTIONS

5»

9=

10.

11.

If a carrier wave of 1000 kHz is used to carry the signal, the length of transmitting antenna will be equal
to -
(1)3m (2)30m (3) 300 m (4) 3000 m

In amplitude modulation -

(1) only the amplitude is changed but frequency remains same
(2) both the amplitude and frequency change equally

(3) both the amplitude and frequency change unequally

(4) none the these

Modulation factor determines -
(1) only the strength of the transmitted signal (2) only the quality of the transmitted signal
(3) both the strength and quality of the signal (4) none of the above

Degree of modulation —
(1) can take any value (2) should be less than 100%
(3) should exceed 100% (4) none of these

If the maximum and minimum voltage of an AM wave are Vmax. and Vmin. respectively then modulation
factor—

v, Vi, Viax + V. v, v

(1) m = max. (2) m = (3) m = —max. min. (4) m = —max. — Vmin.
Vmax. + Vmin. Vmax. + Vmin. max. — Vmin. Vmax. + Vmin.

The AM wave contains three frequencies, viz :

fo fo+f, f. —f

O AT (2) 21, 2(fc + ), 2~ 9

(3) fe,(fc + fs), (fc —fs) (4) fc , fe, fe

Which of the following is/are the limitations of amplitude modulation?

(1) Clear reception (2) High efficiency

(3) Small operating range (4) Good audio quality

In which of the region of earth's atmosphere temperature decreases with height?

(1) lonosphere (2) Stratosphere (3) Troposphere (4) Mesosphere

In an amplitude modulated wave, for audio frequency of 500 cps, the appropriate carrier frequency will
be :

(1) 50 c/s (2) 100 c¢/s (3) 500 c/s (4) 50000 c/s
In A.M., the total modulation index should not exceed one or else :

(1) the system will fail (2) distortion will result

(3) amplifier will be damaged (4) none of the above

An'antenna’is :
(1) inductive (2) capacitive
(3) resistive above its resonance frequency (4) none of the above



12. The Q of a resonant transimission line is
® oR L oL
1)Q= — 2)Q=— 3)Q=— HQ=—
1 Q R 2)Q 1 3)Q R 4)Q =
13. Range of frequencies allotted for commercial FM radio broadcast is -
(1) 88 to 108 MHz (2) 88 to 108 kHz (3) 8 to 88 MHz (4) 88 to 108 GHz
14. Which of the following is not transducer?
(1) Loudspeaker (2) Amplifier (3) Microphone (4) All of these
15. In the given detector circuit, the suitable value of carrier frequency is
(1) <<10° Hz
(2) <<10°Hz
(3) >> 10°Hz AM
(4) None of these Input
16. Amplitude modulation has
(1) One carrier (2) One carrier with high frequency
(3) One carrier with two side band frequencies (4) One carrier with infinite frequencies
17. Through which mode of propagation, the radio waves can be sent from one place to another
(1) Ground wave propagation (2) Sky wave propagation
(3) Space wave propagation (4) All of them
18. Sinusoidal carrier voltage of frequency 1.5 MHz and amplitude 50 V is amplitude modulated by sinusoidal
voltage of frequency 10 kHz producing 50% modulation. The lower and upper side-band frequencies in
kHz are
1 1 1 1
(1) 1490, 1510 (2) 1510, 1490 B) ——— 4) —,——
1490 1510 1510 1490
19. In an amplitude modulation with modulation index 0.5, the ratio of the amplitude of the carrier wave to
that of the side band in the modulated wave is
@4:1 21:1 31:2 42:1
20. A carrier frequency of 1IMHz and peak value of 10V is amplitude modulated with a signal frequency of
10kHz with peak value of 0.5 V. Then the modulation index and the side band frequencies respectively
are
(1) 0.05 and 1 + 0.010 MHz (2) 0.5and 1 +0.010 MHz
(3) 0.05 and 1 + 0.005 MHz (4) 0.5and 1 +0.005 MHz
21. In amplitude modulation, the bandwidth is
(1) Twice the audio signal frequency (2) Thrice the audio signal frequency
(3) Thrice the carrier wave frequency (4) Twice the carrier wave frequency
PART-Il: NUMERICAL VALUE QUESTIONS
1w For a carrier frequency of 100 kHz and a modulating frequency of 5 kHz, the width of AM transmission in
kHz is:
2. A transmitter supplies 9 kW to the aerial when unmodulated. The power radiated when modulated to 40%

in kW is :
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The antenna current of an AM transmitter is 8A when only carrier is sent but increases to 8.96 A when
the carrier is sinusoidal modulated. The percentage modulations is -

The total power content of an AM wave is 900 W. For 100% modulation, the power transmitted by each
side band in 10n W. Find the value of n :

1000kHz carrier wave is amplitude modulated by the signal frequency 200 — 4000Hz. The channel width
of this case in kHz is :

The area of the region covered by the TV broadcast by a TV tower of 100 m height is nt x 103 km2. Find
n (radius of the earth = 6.4 x 10% m)

The distance of coverage of a transmitting antenna is 12.8 km. Then, the height of the antenna in m is
(Given that radius of earth = 6400 km)

If the maximum amplitude of an amplitude modulated wave is 25 V and the minimum amplitude is 5 V,
the modulation index is n/3. Find n -

w Marked Questions can be used as Revision Questions.
* Marked Questions may have more than one correct option.

PART - | : JEE (MAIN) / AIEEE PROBLEMS (PREVIOUS YEARS)

3x

This question has Statement —1 and Statement —2. Of the four choices given after the statements, choose
the one that best describes the two statements. [AIEEE - 2011, 4/120, -1]
Statement -1

Sky wave signals are used for long distance radio communication. These signals are in general, less
stable than ground wave signals.

Statement -2 :

The state of ionosphere varies from hour to hour, day to day and season to season.

(1) Statement -1 is true, statement —2 is false.

(2) Statement —1 is true, Statement -2 is true, Statement —2 is the correct explanation of Statement —1
(3) Statement —1 is true, Statement -2 is true, Statement—2 is not the correct explanation of Statement-1

(4) Statement-1 is false, Statement -2 is true

Which of the following four alternatives is not correct? [AIEEE 2011, 11 May; 4/120, -1]

We need modulation:

(1) to reduce the time lag between transmission and reception of the information signal

(2) to reduce the size of antenna

(3) to reduce the e fractional band width, that is the ratio of the signal band width to the centre frequency
(4) to increase the selectivity.

A radar has a power of 1kW and is operating at a frequency of 10 GHz. It is located on a mountain top of
height 500m. The maximum distance upto which it can detect object located on the surface of the earth
(Radius of earth = 6.4 x 10 m) is : [AIEEE - 2012, 4/120, -1]

(1) 80 km (2) 16 km (3) 40 km (4) 64 km



10.

11.

12.

A diode detector is used to detect an amplitude modulated wave of 60% modulation by using a condenser
of capacity 250 pico farad in parallel with a load resistance 100 kilo ohm. Find the maximum modulated
frequency which could be detected by it. [JEE (Main) - 2013; 4/120, -1]
(1) 10.62 MHz (2) 10.62 kHz (3) 5.31 MHz (4) 5.31 kHz

If a carrier wave c(t) = A sinoct, were to be amplitude modulated by a modulating signal m(t) = A sinomt,
the equation representing the modulated signal [Cm(t)], and its modulatgion index, would be
respectively :

(1) Cm(t) = A(1 + sinact)sinomt and 1 (2) Cm(t) = A(1 + sinact)sinomt and 2

(3) Cm(t) = A(1 + sinomt)sinect and 1 (4) Cm(t) = A(1 + sinomt)sinect and 2

For sky wave propagation, the radio waves must have a frequency range in between :

[JEE (Main) 2014_ONLINE TEST]
(1) 1 MHz to 2 MHz (2) 45 MHz to 50 MHz
(3) 35 MHz to 40 MHz (4) 5 MHz to 25 MHz

Long range radio transmission is possible when the radiowaves are reflected from the ionosphere. For
this to happen the frequency of the radiowaves must be in the range : [JEE (Main) 2014 _ Online Test]

(1) 8-25 MHz (2) 80-150 MHz (3)150-500 kHz (4) 1-3 MHz

A signal of 5 kHZ frequency is amplitude modulated on a carrier wave of frequency 2 mHz. The

frequencies of the resultant signal is/are : [JEE(Main)-2015; 4/120, —-1]
(1) 2 MHz only (2) 2005 kHz, and 1995 kHz
(3) 2005 kHz, 2000 kHz and 1995 kHz (4) 2000 kHz and 1995 kHz
Choose the correct statement : [JEE(Main)-2016; 4/120, —-1]

(1) In amplitude modulation the frequency of high frequency carrier wave is made to vary in proportion
to the amplitude of the audio signal

(2) In frequency modulation the amplitude of the high frequency carrier wave is made to vary in
proportion to the amplitude of the audio signal.

(3) In frequency modulation the amplitude of the high frequency carrier wave is made to vary in
proportion to the frequency of the audio signal

(4) In amplitude modulation the amplitude of the high frequency carrier wave is made to vary in
proportion to the amplitude of the audio signal

In amplitude modulation, sinusoidal carrier frequency used is denoted by wc and the signal frequency is
denoted by om. The bandwidth (Aom) of the signal is such that Aom<< wc. Which of the following frequency
is not contained in the modulated wave ? [JEE (Main) 2017; 4/120, -1]

(1) ©c— om (2) om (3) o (4) om + oc

A telephonic communication service is working at carrier frequency of 10 GHz. Only 10% of it is utilized
for transmission. How many telephonic channels can be transmitted simultaneously if each channel
requires a bandwidth of 5 kHz? [JEE(Main)-2018, 4/120, -1]

(1) 2x10° (2) 2 x 108 (3)2x10° (4) 2 x 104

In a communication system operating at wavelength 800 nm, only one percent of source frequency is

available as signal bandwidth. The number of channels accommodated for transmitting TV signals of

band width 6 MHz are (Take velocity of light c =3 x 108 m/s, h = 6.6 x 10734 J-g]
[JEE(Main)-2019_09-01-2019_Shift-2]

(1) 3.75 x 108 (2) 3.86 x 10° (3) 6.25 x 10° (4) 4.87 x 10°



13.

14.

15.

16.

17.

18.

19.

A TV transmission tower has a height of 140 m and the height of the receiving antenna is 40 m. What is
the maximum distance upto which signals can be broadcasted from this tower in LOS (Line of sight)
mode ? (Given : radius of earth = 6.4 x 105 m) [JEE(Main)-2019 10-01-2019_ Shift-1]

(1) 80 km (2) 40 km (3) 48 km (4) 65 km

The modulation frequency of an AM radio station is 250 kHz, which is 10% of the carrier wave. If another

AM station approaches you for licence what broadcast frequency will you allot ?
[JEE(Main)-2019_10-01-2019_Shift-2]

(1) 2750 kHz (2) 2250 kHz (3) 2900 kHz (4) 2000 kHz

An amplitude modulated signal is given by V(t) = 10 [1+ 0.3 cos (2.2 x 104) sin (5.5 x 10%)]. Here tis in
seconds. The sideband frequencies (in kHz) are, [Given & = 22/7]
[JEE(Main)-2019_11-01-2019_Shift-1]

(1) 892.5 and 857.5 (2) 89.25 and 85.75
(3) 1785 and 1715 (4)178.5and 171.5
An amplitude modulated signal is plotted below : [JEE(Main)-2019_11-01-2019_Shift-2]
V()
10V 4

8V

100 ps +— 8us
Which one of the following best describes the above signal ?

(1) (9 + sin(2.5% x 10%t))sin(2x x 10%) V

(2) (A + 9sin(2w x 10%))sin(2.57 x 105%t)V

(3) (9 + sin(2x x 10%))sin(2.5% x 105%t)V

(4) (9 + sin(4r x 10%))sin(5n x 105t)V

A 100 V carrier wave is made to vary between 160 V and 40 V by a modulating signal. What is the
modulation index ? [JEE(Main)-2019_12-01-2019_Shift-1]
(1)0.4 (2) 0.6 (3)0.5 (4)0.3

The wavelength of the carrier waves in a modern optical fiber communication network is closed to :
[JEE(Main)-2019_08-04-2019_Shift-1]
(1) 1500 nm (2) 2400 nm (3) 600 nm (4) 900 nm

A signal Acosot is transmitted using vosinwot as carrier wave. The correct amplitude modulated (AM)
signal is : [JEE(Main)-2019_09-04-2019_Shift-1]

. . A . A .
(1) vosinwet + Acosat (2) vosinagt+= s n(wy — o)t + 59 n(wy + o)t

(3) vosin[wO(1 + 0.01Asinwt)t] (4) (vo + A)cosmt sinwot



20.

21.

10.
13.
16.
19.

Given below in the left column are different modes of communication using the kinds of waves given in

the right column. [JEE(Main)-2019 10-04-2019_ Shift-1]
A. Optical Fibre Communication P. Ultrasound

B. Radar Q. Infrared Light

C. Sonar R. Microwaves

D. Mobile Phones S. Radio Waves

From the options given below, find the most appropriate match between entries in the left and the right
column.

(1)A-Q,B-S,C-P,D-R (2) A-S, B-Q,C-R, D-P

(3) A-Q, B-S, C-R, D-P (4) A-R, B-P, C-S, D-Q

A message signal of frequency 100 MHz and peak voltage 100 V is used to execute amplitude modulation
on a carrier wave of frequency 300 GHz and peak voltage 400 V. The modulation index and difference

between the two side band frequencies are : [JEE(Main)-2019 10-04-2019_Shift-1]
(1) 4 ;1 x 108 Hz (2)0.25;1 x 108 Hz
(3)0.25;2 x 108 Hz (4)4;2x108Hz

EXERCISE # 1 EXERCISE # 2

PARTH PART - |
3) 2. 1) 3. (3)
) 5. (4) 6. ©) L 4) 2. 1) 3. (1)
(3 8. (3) 9. (4) 4, 2 5. (3) 6. 3)

@ 1. @ 12 (3
1 14 @ 15 (1)
@) 17. @) 18. (1)

7. 1) 8. (3) 9. (4)

0. @ 11. @) 12. (3

1 200 @) 21. (1) 13. (4 14 @ 15 (2
6. (3 17. (@ 18 (1)
PART-II
10.00 2. 09.72 3. 71.00 ©. @ 20 @ 2. ©
15.00 5. 08.00 6. 01.28

12.80 8. 02.00



Bl Exercise-1

. Marked Questions can be used as Revision Questions.

= faffed uea Sevm a7 ueE R

PART-I: SINGLE CHOICE QUESTIONS

WRT-: Uhd fdBed U (SINGLE CHOICE QUESTIONS)

1. If a carrier wave of 1000 kHz is used to carry the signal, the length of transmitting antenna will be equal
to -

If& 1000 kHz @ & aied TR BT ITAN RIFel of S (carry) # foar <91 81 @1 WIRG (transmitting)
vfreT @ =TS B -

(1)3m (2)30m (3*) 300 m (4) 3000 m
2, In amplitude modulation -
(1*) only the amplitude is changed but frequency remains same
(2) both the amplitude and frequency change equally
(3) both the amplitude and frequency change unequally
(4) none the these
S SR ¥ -
(1*) ®adt I gRakia gar g <if mafa ad & & |
(2) ST TAT YA I FAM FI A IO 2 |
(3) STATH TAT MIFY ST IRTAM FI A Igerd 2 |

(4) 3T & B1E T

3. Modulation factor determines -
(1) only the strength of the transmitted signal (2) only the quality of the transmitted signal
(3*) both the strength and quality of the signal  (4) none of the above
Aregere™ ged RuiRa wvar g -

(1) daar grafies Ria &1 oith (A1) (2) Badt grafics R @ orE

(3*) RaTe1 &1 UTeed 1 Ieradn i (4) SRITT & | DIg -
4. Degree of modulation — Aregere S0 &1 a9 —
(1) can take any value (2*) should be less than 100%
(3) should exceed 100% (4) none of these
(1) PE M 99 B Fhar B (2*) 100% I &¥ BT =Ry

(3) 100% < fre B+ =TRYy (4) 38 | BIS T



5.»

9. =

10.

If the maximum and minimum voltage of an AM wave are Vmax. and Vmin. respectively then modulation

factor—

TH AM TR & diecsl & AT A Vinax, T FATH AT Vinin, B AT AT Haex (factor) BRT-

(2) m = Vmin.
V +V,

max. min.

+V

min.

The AM wave contains three frequencies, viz :

f, forf £ —f,
27 2 2
(3*) fo,(fo + fs), (Fo —fs)

(1)

(3) m = Vmax. +Vmin. (4*) m = Vmax. _Vmin.
Vinax. =V, Vinax. + V,

max. min. max. min.

Th AM TR I smgfoet v 8, aw ®
(2) 2fc, 2(fc + fs), 2(fc —fs)

4)fe, fe, fe

Which of the following is/are the limitations of amplitude modulation?

o1 3§ | PR I HrSYeeH @) WA 8 ?

(1) Clear reception

(3*) Small operating range

(1) Aal B W€ I F U<l &1 (Clear reception)

(3*) BIEY MR WA

(2) High efficiency
(4) Good audio quality
(2) S=a &He

(4) 381 5 (audio) JoTaxi

In which of the region of earth's atmosphere temperature decreases with height?

(1) lonosphere (2) Stratosphere

(3*) Troposphere (4) Mesosphere

gl & Y AYEH B B N H FATS 987 & W A9 H HH B SR 2?

(1) IMITHTS A

(3*) STURWIRR (Troposphere)

(2) ¥HATY HUSA (Stratosphere)

(4) AARBIIR (Mesosphere)

In an amplitude modulated wave, for audio frequency of 500 cps, the appropriate carrier frequency will

be :

500 cps & &afT MRy & T ASIferd ORI ¥ Aqed R DI SUYS IMgRT BN |

(1) 50 c/s (2) 100 c/s

(3) 500 c/s (4*) 50000 c/s

In A.M., the total modulation index should not exceed one or else :

(1) the system will fail

(3) amplifier will be damaged

(2*) distortion will result

(4) none of the above

ST AT H A i Ub & SATGT &1 81 A1MRY 72 |

(1) T3 (THA) BT ST

(3) yad® - B WY

(2*) fagcht S &1 g
(4) S I TH



1.

12,

13.

14,

15.

Ans.

An 'antenna' is : T&% YT BIT B |

(1*) inductive

(3) resistive above its resonance frequency
(1*) IRBI

(3) 3HD! AT IMRT & HIR URcRIE

The Q of a resonant transimission line is :

(2) capacitive

(4) none of the above
(2) TR

(4) SR § | DS &

T ST HAR0T 3@ & for Q7 —

L
3* = _
SRR R R

Range of frequencies allotted for commercial FM radio broadcast is -

Fraaa® FMIfeal & ford figaa @1 718 (allotted) smgfral &1 w_R™T 5—

(1*)88t0 108 MHz  (2) 88 to 108 kHz

(1*) 88 4 108 MHz @& (2) 88 & 108 kHz T%

Which of the following is not transducer?

(1) Loudspeaker
(1) ARTATH

(2*) Amplifier
(2*) wadi®

(3) 8 to 88 MHz (4) 88 to 108 GHz

(3) 8 &1 88 MHz d&% (4) 88 91 108 GHz a®

1 3§ 9 P STSYER AR 'Y
(3) Microphone
(3) ATSHIBIA

(4) All of these
(4) SWRIaT Y

In the given detector circuit, the suitable value of carrier frequency is

e T wEe uRuy & argd amafa &1 A 72—

| ]
cl
‘ ‘ R=1000 -‘71 x 127 F
AM

Input

(1*) <<10° Hz
Tl

(1)

(2) <<10° Hz

0

(3) >>10° Hz

(4) None of these3aH ¥ @I



1

Sol.  Using <<RC o1 ®

carrier

We get time constant 7 ¥91 fadia o #xd 7, RC = 1000 x 10~'2 = 10-%

1

0—9

=10° Hz

Now 3fd v = l=
T

Thus, the value of carrier frequency should be much less than 10° Hz, say 100 kHz.

9 YPR d18F AGA $1 A 10° Hz | 98d ST B4 =I41 A1feg A1 100 kHz.

= V_m = 5 = Ls < Lm
VS Lm
16. Amplitude modulation has

1) One carrier
2) One carrier with high frequency

3*) One carrier with two side band frequencies

(
(
(
(4) One carrier with infinite frequencies
3T Hige™ &l 38—

(1) T diEd

(2) I=a Mgfd &1 Uh aED

(3*) 1 ured 9vs IMgRIA} ATl Tdh ATEH

(4) 30 M BT UH aAED
17. Through which mode of propagation, the radio waves can be sent from one place to another

(1) Ground wave propagation
(2) Sky wave propagation
(3) Space wave propagation
(4%) All of them
TR & fa Ars # A RN B U W A TR WM R AT T Fhdl 83—
[PC-103-E] [JIPMER 2003]
(1) YR TARY
(2) I=a AMgfd H1 UHh aESD
(3) Q1 ured Jvg g ATl UH ATED

(4*) 3=a Sgfrdl &1 d ATED



18.

19.

20.

21,

Sinusoidal carrier voltage of frequency 1.5 MHz and amplitude 50 V is amplitude modulated by sinusoidal
voltage of frequency 10 kHz producing 50% modulation. The lower and upper side-band frequencies in
kHz are

1.5 MHz 3gfd qem 50 S &1 SAEsd aed fa9d & 10 kHz 3mgfa arel saasa fawa gR1 smams
Afgferd B W 50% ArgeT a1 Rl © | f=1 den 9= ured s gl kHz 8 —

1 1 1 1

(1*) 1490, 1510 (2) 1510, 1490 3) ——— (4) ——,——
1490 1510 1510 1490

In an amplitude modulation with modulation index 0.5, the ratio of the amplitude of the carrier wave to
that of the side band in the modulated wave is
Afged Fadid 0.5 B Udh AW Afgad § Argferd R H d18dh IR $1 UK 498 A ARSI 28—

(1%) 4 : 1 2)1:1 (3)1:2 4)2:1

A carrier frequency of 1MHz and peak value of 10V is amplitude modulated with a signal frequency of
10kHz with peak value of 0.5 V. Then the modulation index and the side band frequencies respectively
are

(1*) 0.05and 1 £ 0.010 MHz (2)0.5and 1 +£0.010 MHz
(3) 0.05 and 1 £ 0.005 MHz (4) 0.5and 1 +0.005 MHz

IMHz &I T& d18d MTgfd dem 10V &1 S=adM & 10kHz &1 Rt amgfd den 0.5V & S=a A & |1
A Higferd 81 T § A1 AigeT gAPIH oM URd dvs Agfdf HHer B

(1*) 0.05 @m 1 +£0.010 MHz (2)0.57m 1 £0.010 MHz
(3) 0.05 M 1 + 0.005 MHz (4) 0.57m 1 £ 0.005 MHz

In amplitude modulation, the bandwidth is
1*) Twice the audio signal frequency
2) Thrice the audio signal frequency

3) Thrice the carrier wave frequency

(
(
(
(4) Twice the carrier wave frequency
M g #, Jvs AT ¥—

(1) #1e Rerer smafa @ gT+A

(2) sre Rywver omafa § ATTA

(3) 8% T Mgfd & FH T

(4) 95® TR MG | I



PART-II: NUMERICAL VALUE QUESTIONS

AT : &S Y99 (NUMERICAL VALUE QUESTIONS)

1=

Ans.

Ans.

Sol.

Ans.

Sol.

For a carrier frequency of 100 kHz and a modulating frequency of 5 kHz, the width of AM transmission in
kHz is:

100 kHz Jmgfa &1 T args angfa derm 5 kHz &1 Arsgeifen amgfd & ford AM grafie @t diers (width)
BT A kHz % 8 —

10.00

A transmitter supplies 9 kW to the aerial when unmodulated. The power radiated when modulated to 40%
in kW is :

T WA T9 mrsferd BT ® 1 RIS B 9 kW MY a1 & | 919 40% & #rgferd gram & a1 fafdRa wfm
kw # gt —

9.72

Pu= {1+m—2} =9{1+_(0'4)2} = 9{1+m}
2 2 >

(- m=40% = 0.4)
=9 (1.08) = 9.72 kW

The antenna current of an AM transmitter is 8A when only carrier is sent but increases to 8.96 A when
the carrier is sinusoidal modulated. The percentage modulations is -

T AM URT & YT @ 9RT 8A B 19 Badt dI8d Woll T 8 Afd o4 U& samasia dgfera & o 2
a8 8.96 A 98 W & | ufiera Afgerd 28—

71.00

2 2
We know that &7 ST & [I_tJ _ 1+m7

C

Here T&1, It = 8.96 A and o7 I = 8A

2 2 2
(BB ™ rmrqosa= 4 T
8 2 2

2
or AT % = 0.254

or I1 m?=0.508 ordl m=0.71=71%



Ans.

Sol.

Ans.

Ans.

Ans.

Ans.

The total power content of an AM wave is 900 W. For 100% modulation, the power transmitted by each
side band in 10n W. Find the value of n :

TH AM T @ FA I AT 900 W B | 100% Argerd & forg o dred 9vs g1 ufyd wifad afe 10nw
2, T NP AF AT BIT |

15.00

Pe=P| =2 |-900| 2 | = 600w
2+m 2+1

2

Now 3fd, Pise = mePC =% x 600 = 150 W

1000kHz carrier wave is amplitude modulated by the signal frequency 200 — 4000Hz. The channel width
of this case in kHz is :

1000 kHz 3gfcr @1 a8® R 200 — 4000Hz R=Tat gfi IR 3™ digferd 81 oIkl 8 | 39 R & =o9a
@ AeTS kHz # B8t —

8.00

The area of the region covered by the TV broadcast by a TV tower of 100 m height is nx x 10° km?2. Find
n (radius of the earth = 6.4 x 106 m)

100 HIeX & ST P Th TV SR gRT TV UGRYT ni x 103 km?2 &%l BT & B ABled Hrdl g, dl n
BT A9 A BN | (g B a1 = 6.4 x 10° m)

1.28

The distance of coverage of a transmitting antenna is 12.8 km. Then, the height of the antenna in m is
(Given that radius of earth = 6400 km)

TEh UYH AT 12.8 5 Y g8 9@ Jarg I ' @ AH @ SaE Wex # 7 (R 7 fF gedt o o
= 6400 f4)

12.80

If the maximum amplitude of an amplitude modulated wave is 25 V and the minimum amplitude is 5V,
the modulation index is n/3. Find n -

I U o Argferd TR &1 Afdead oM 25 V § 91 AW [ 5V ' A1 digfod gadiad n/3 2,
Al n BT A1 AT DI |

2.00



Bl Exercise-2

. Marked Questions can be used as Revision Questions.

» RIffea v ™ 9/ w2
* Marked Questions may have more than one correct option.

* fafred ue @ 9§ e 9 e are u37 8 -

PART -1 : JEE (MAIN) / AIEEE PROBLEMS (PREVIOUS YEARS)

HIT -1 : JEE (MAIN) / AIEEE (ISl a81) o9

1. This question has Statement —1 and Statement —2. Of the four choices given after the statements, choose
the one that best describes the two statements.

[AIEEE - 2011, 4/120, —1]
Statement —1

Sky wave signals are used for long distance radio communication. These signals are in general, less
stable than ground wave signals.

Statement -2 :

The state of ionosphere varies from hour to hour, day to day and season to season.
(1) Statement —1 is true, statement -2 is false.

(2) Statement —1 is true, Statement —2 is true, Statement -2 is the correct explanation of Statement —1

(3) Statement —1 is true, Statement -2 is true, Statement-2 is not the correct explanation of Statement—
1

(4*) Statement-1 is false, Statement -2 is true

9 U W UPHUE —1 79 o -2 A W 2| uheHl @ 96 A W AR e § ¥ 39 fAve 31 g
S & gdust w1 @E quie HRar g | [AIEEE - 2011, 4/120, —1]

Yhd -1

ol & @ A TR @ o @M a7 R &1 yan fhar Sian 2 | |aeRvaan, 98 R . a)a
Rt &Y e o7 R B 2 |

THAA —2:

IR A @l Fawen Hel-ufeer, fRa—ufafes iR Fg—ufimg Igach =& 2|

(1) IHAE -1 & 8, UHIF-2 e &

(2) UHUT —1 FE B, UHAT -2 Il B 3R THYA —2 YHAT—1 B AL AT Fal & |
(3) UBHAT —1 FE B, THAT —2 el B R THUT -2 UHYF—1 P HEl ARAT & el 2 |

(4*) UHAT —1 TToId B, UHAT —2 FE B |



3=

Which of the following four alternatives is not correct? [AIEEE 2011, 11 May; 4/120, -1]
We need modulation:

(1*) to reduce the time lag between transmission and reception of the information signal

(2) to reduce the size of antenna

(3) to reduce the e fractional band width, that is the ratio of the signal band width to the centre frequency
(4) to increase the selectivity.

fr=foRea el # 9 dia &) 781 8 ? [AIEEE 2011, 11 May; 4/120, -1]
& ATgIY™ & IaeIHAT Bl § ¢

(1*) g1 Rt @ GaRoT IR Wiftq & i 999 3Tl &1 "2 & forg |

(2) T BT AR UM B g |

(3) <TiR1® dvs AISTS 3T R dvs ASTS BT B AGRT ¥ U T & g |

(4) o1 e ¥ gfg @ forg |

A radar has a power of 1kW and is operating at a frequency of 10 GHz. It is located on a mountain top of
height 500m. The maximum distance upto which it can detect object located on the surface of the earth
(Radius of earth = 6.4 x 106 m) is : [AIEEE - 2012, 4/120, -1]
Tdh TSR @1 ofdd kW & 3R I8 10 GHz @1 amgfiy R gRanferd 21 I8 500m S48 R U8s & U
i w® Rerd g1 fBa 80 W ! gl (Pl & =64 x 10°m) & U8 W Rod %] &1 I8 TSR
I IR DM [AIEEE - 2012, 4/120, —1]

(1*) 80 km (2) 16 km (3) 40 km (4) 64 km

A diode detector is used to detect an amplitude modulated wave of 60% modulation by using a condenser
of capacity 250 pico farad in parallel with a load resistance 100 kilo ohm. Find the maximum modulated
frequency which could be detected by it. [JEE (Main) - 2013; 4/120, —1]

e SRS Aga® I, 250 Pl Bes arel FeR= &1 100 fFell oigd & e UiRig & |1 ¥R A |
TAHR, 60% ATGR aTell AT ATGAD ORI BT U1 o+ H YJad a1 1 § | $90 gRI Ifdad
Argfera amafa o s1a fan <1 & @ - [JEE (Main) - 2013; 4/120, —1]

(1) 10.62 MHz (2*) 10.62 kHz (3) 5.31 MHz (4) 5.31 kHz

If a carrier wave c(t) = A sinoct, were to be amplitude modulated by a modulating signal m(t) = A sinont,
the equation representing the modulated signal [Cm(t)], and its modulatgion index, would be

respectively : [JEE(MAIN) 2013_ONLINE TEST]
(1) Cm(t) = A(1 + sinoct)sinomt and 1 (2) Cm(t) = A(1 + sinoct)sinomt and 2
(3) Cm(t) = A(1 + sinomt)sinadt and 1 (4) Cm(t) = A(1 + sinomt)sinaet and 2

IS T aiedH T coft) = A sinact Aregferd Fad m(t) = A sinomt & gRT 3™ Aregferd ©, d9 Asgford dad
[Crm(t)] ®1 USRI =1 aTell TR0 TN ST Aregere™ gaadid erMJEE(MAIN) 2013_ONLINE TEST]



(1) Cm(t) = A(1 + sinoct)sinomt TeIT 1 (2) Cm(t) = A(1 + sinoct)sincomt TeIT 2

(3) Cm(t) = A(1 + sinomt)sinact 7211 1 (4) Cm(t) = A(1 + sinomt)sinwct 2T 2
Ans. (3)
Sol.  Cm (t) = (Ac + Am Sin omt) sin wct = A (1+sinoy,t) sin ot
Modulation index ATSgeI¥M JaABIDH Ma = Q"‘ = %= 1
c
6. For sky wave propagation, the radio waves must have a frequency range in between :

[JEE (Main) 2014_ONLINE TEST]
(1) 1 MHz to 2 MHz (2) 45 MHz to 50 MHz  (3*) 35 MHz to 40 MHz (4) 5 MHz to 25 MHz
MBI T YARY & forg T ™M o w1 emafa & i g anfag—
(1)1 MHz¥2MHz  (2) 45 MHz 9 50 MHz  (3*) 35 MHz & 40 MHz (4) 5 MHz ¥ 25 MHz

Ans. (3)

7. Long range radio transmission is possible when the radiowaves are reflected from the ionosphere. For
this to happen the frequency of the radiowaves must be in the range : [JEE (Main) 2014_Online Test]

o G BT AT fAARer q9 G9T B o9 AW R S o wafid gl 81| v g @ forg e

TN @ gy e T @ B F anfRy— [JEE (Main) 2014_ Online Test]
(1*) 8-25 MHz (2) 80-150 MHz (3)150-500 kHz (4) 1-3 MHz
Ans. (1)
8. A signal of 5 kHZ frequency is amplitude modulated on a carrier wave of frequency 2 mHz. The
frequencies of the resultant signal is/are : [JEE(Main)-2015; 4/120, —1]
(1) 2 MHz only (2) 2005 kHz, and 1995 kHz
(3*) 2005 kHz, 2000 kHz and 1995 kHz (4) 2000 kHz and 1995 kHz
5 kHZ smafi & & daa (RTen) @1 2 mHz gy @) aesd a1 W TaM Higed fdar w2 |
ool e (Fad) @1 smgfy 8 - [JEE(Main)-2015; 4/120, —1]
(1) 2 MHz ®aa (2) 2005 kHz, T2m 1995 kHz
(3*) 2005 kHz, 2000 kHz T2 1995 kHz (4) 2000 kHz @I 1995 kHz
Ans. (3)
Sol.  fc=2MHz = 2000 KHz
fm = 5BKHz
Resultant frequencies are
R 3o

= fC + fm, fc, fc— fm
= 2005 KHz, 2000, 1995 KHz



Ans.

Sol.

10.

Ans.

Sol.

Choose the correct statement : [JEE(Main)-2016; 4/120, —1]

(1) In amplitude modulation the frequency of high frequency carrier wave is made to vary in proportion
to the amplitude of the audio signal

(2) In frequency modulation the amplitude of the high frequency carrier wave is made to vary in
proportion to the amplitude of the audio signal.

(3) In frequency modulation the amplitude of the high frequency carrier wave is made to vary in
proportion to the frequency of the audio signal

(4) In amplitude modulation the amplitude of the high frequency carrier wave is made to vary in
proportion to the amplitude of the audio signal

|qE B g [JEE(Main)-2016; 4/120, —1]

(1) oM™ ATge # S=d AERT P d8D A DI AERT A gSd @ R & ™ & SR 2 |
(2) smgfy Arge W 9= JMIRT Bl AEH TR B AW | IS @i R & AW & SFARN 2 |
(3) smgfRy ATge W S=a JMIRT Bl aRS TR B M H gSd @i ReTad & Mgy & U & |
(4) oM ATge # S=d AERT B AES A D MM ¥ daad @ e & M & Ul B |

(4)

In amplitude modulation amplitude of carrier wave (high frequency) is varied in proportion to the amplitude
of signal.

In frequency modulation frequency of carrier wave (high frequency) is varied in proportion to amplitude
of signal.

AT AIGY SR H aT8dh TR (ST IMRT) BT AW Fdha & MM & U # uRaffa g 2|
JMgfRT AreYre™ H IS AT (ST MIRT) A AGRT Fba & MIAM & gura # uRaffa Bt 21

In amplitude modulation, sinusoidal carrier frequency used is denoted by wc and the signal frequency is
denoted by wm. The bandwidth (Awm) of the signal is such that Aom<< wc. Which of the following frequency
is not contained in the modulated wave ?

AT AT H SATAfH qEH MY B @ A TAT RIS AR BT om I ST & | Ria 31 v =
(Aom) B 3F TRE FTI B & Aom<< oc, =1 § & It amgfa Afgforg a= # =8 8rft |

[JEE (Main) 2017; 4/120, —1]
(1) ¢ — Om (2*) M®m (3) ¢ (4) Om + 0c
(2)

Let c(t) = Ac sin oct represent carrier wave and m(t) = Amsin omt represent the message or the modulating
signal where om = 2nfmis the angular frequency of the message signal. The modulated signal cm (t) can
be written as

Cm (t) = (Ac + Am Sin omt) sin wct

= Ac [1+ ':_\\m sin oamtJ sinoct L (@)

C
Note that the modulated signal now contains the message signal. From Eq. (i), we can write,

Cm (t) = Ac sin wct + pAc sinomt SiNn@et L (i)



Hindi.

1.

Ans.

Here n = An/Ac is the modulation index; in practice, u is kept < 1 to avoid distortion.
Using the trignomatric relation sin A sin B = 1/2 (cos (A — B) — cos (A + B),
we can write cm (t) of Eq. (ii) as

HAG
2

Cm(t) = Ac sin ot +

cos (oc — om) t —

“2" cos (mc+om)t . (iii)
In amplitude modulated wave, the frequencies contained are wc — wm, oc, ®c + ©®m.

The frequency of om is not contained in A.M. wave

A T c(t) = Ac sin oct a8® TR BT BT BT &, AT m(t) = Ansin ont ATgAS R 2@l daz
B el Al 8 S4fF, om = 2nfm A RTTa 3 B smgfy 2 | a9 Argfera Rmiet om () ®1 39 TSR
ad fpar S Fodr 2|

Cm (t) = (Ac + Am Sin omt) sin wct

= Ac [1+ ':_\\m sin oamtJ sinwct L (@)

&= AT, org dw Riear wrgfora # erdfdse 21 wiawwT (i), 9 &9 98 fog a6 2|
Cm (t) = Ac sin @t + pAc sin omt Sin@et L (i)
Tl p = An/Ac TG Ga&Ta ¢ | fIwuer § 9919 & forg 9a8R # w < 1 3@ el B |

Sraofida w4e sin A sin B = 1/2 (cos (A — B) — cos (A + B) &1 SUAITT &R & FHIBROT (i) A Cm (t) BT

39 UPR R PR dhd 2 |

cm(t) = Ac sin oct + “2" cos (owc — om) t — % cos(mct+tom)t Ll (iii)

I Argford a1 #, AfFferd 3mgfEt we — om, wo, 0o + om B |
om IR I Argfera dwa & afafera 72 21

A telephonic communication service is working at carrier frequency of 10 GHz. Only 10% of it is utilized
for transmission. How many telephonic channels can be transmitted simultaneously if each channel
requires a bandwidth of 5 kHz? [JEE(Main)-2018, 4/120, —1]

T ST HROT AT, aEd AMIRT 10 GHz. TR BT Rl 8 | 9P dad 10% GaR & oy Sua faar
ST 2 | IfS UA® o9 B §s de’s S5kHz &1 @ TP A1 fhaw Sefiwifve a9 SaRd fad o1 |aad
g7

(1*) 2x105 (2) 2 x 108 (3)2 x 10° (4)2 x 10

(1)

9 6
A (10kHz) _ 10° _10° _, .06

N = =
10 (5kHz) 5x10° 5




12,

Ans.

Sol.

13.

Ans.

Sol.

In a communication system operating at wavelength 800 nm, only one percent of source frequency is
available as signal bandwidth. The number of channels accommodated for transmitting TV signals of
band width 6 MHz are (Take velocity of light c = 3 x 108 m/s, h = 6.6 x 1073 J-s] [PC-PC-104_E]
800 nm T R BRI HRA §Y VP FaR JqeAT 4 Rd &) g S AgRy o1 91 U 9w §s
A & oIy ST &R Adhd 81 6 MHz 8 AIeE & TV Riveal arel fhaw o=l &1 399 darka fdban
ST w8 ? (fRar @ :c=3x 108 m/s, h = 6.6 x 10~ J-s] [JEE(Main)-2019_09-01-2019_Shift-2]

(1) 3.75 x 108 (2) 3.86 x 10° (3) 6.25 x 10° (4) 4.87 x 10°
(3)

3x108
800 x107°

f:g
A

1 f=3.100
100 8

Signal bandwidth =

§><'|013

No. of signal = 8
6x1

5 =6.25x10°

A TV transmission tower has a height of 140 m and the height of the receiving antenna is 40 m. What is
the maximum distance upto which signals can be broadcasted from this tower in LOS (Line of sight) mode
? (Given : radius of earth = 6.4 x 10° m) [JEE(Main)-2019_10-01-2019_Shift-1]

Th TV §aR0T HAR @SS 140 m T A e @ a8 40 m B | 39 W9R ¥ gfe Y@ e
(LOS) # forasit sftrewan & d& Rl TaRa @) |dd 8 ? (R &, gedt a1 35 = 6.4 x 108 m)

(1) 80 km (2) 40 km (3) 48 km (4) 65 km
(4)

D =,/2h{R +/2hgR

D = v/2x 140 x 64 x10° +2x 40 x 64 x10°
D =8x10°[y28 + 8|

D =8x10°[247 + 242

D =16x10%[2.6 +1.4]

= 64000 m = 64 km ~ 65 km



14,

Ans.

Sol.

15.

Ans.

Sol.

16.

The modulation frequency of an AM radio station is 250 kHz, which is 10% of the carrier wave. If another
AM station approaches you for licence what broadcast frequency will you allot ?

T AM AT e @ Arged mgfy 250 kHz B, ST f& & ared o’ IMRT @ 10% B | AR TF 3R
AT W AsHd & Y o 8 A1 Y SF— TR IMghi srafed a2

[JEE(Main)-2019_10-01-2019_Shift-2]
(1) 2750 kHz (2) 2250 kHz (3) 2900 kHz (4*) 2000 kHz
4)

Interval between two carrier frequencies should be atleast two times of AM frequency

An amplitude modulated signal is given by V(t) = 10 [1+ 0.3 cos (2.2 x 10%) sin (5.5 x 10%)]. Here t is in
seconds. The sideband frequencies (in kHz) are, [Given © = 22/7]

(1)892.5and 857.5  (2)89.25and 85.75  (3) 1785 and 1715 (4) 178.5 and 171.5
Te 3T Higfora Rived fstaq faam @1 & V(t) = 10 [1+ 0.3 cos (2.2 x 10%) sin (5.5 x 10%)]. T&T t AHvS
H 2| urd gve @1 mgfiEt (kHzH) 80 [fRan § = 22/7] [JEE(Main)-2019_11-01-2019_Shift-1]]
(1) 892.5TT857.5  (2)89.257M85.75  (3) 178571 1715 (4) 178.5 Qa1 171.5
(2)
V(t) = 10 [1+ 0.3 cos (2.2 x 10%) sin (5.5 x 10%t)]
V(t) = 10 + 1.5 [sin (572 x 10%) + sin (528 x 103%)]
we get, oL + oc = 572 x 10% = 2rf;
f1 =572 x 10%/2n = 91 kHz
oL— oc = 528 x 103 = 2xf2

f2 =572 x 10%/2rn = 84 kHz

An amplitude modulated signal is plotted below :
e AAH-rgfera Ria @ o 7 @ g -

V(t)
10V 4 -
8V




Which one of the following best describes the above signal ?

/1 # ¥ 39 SR Red &1 999 31281 geitar 8 ?[JEE(Main)-2019_11-01-2019_Shift-2]
(1) (9 + sin(2.57 x 10%))sin(2n x 10%) V

(2) (1 + 9sin(2r x 10%))sin(2.5n x 105t)V

(3*) (9 + sin(2r x 10%))sin(2.57 x 105t)V

(4) (9 + sin(4r x 10%))sin(5r x 105t)V

Ans. (3)
Sol.  ws= LG = 21 x 10%s""
10010~
o = ie =251 x 105"
8x10"

Vimax = Ve + Vs = 10

Vmin = Ve —Vs =8
Ve =9mV
Vs = 1mV

Equation of AM wave AM TR &1 FHIGHRT

Vam = (Vc + Vs sin (Ost) sin ot

= {9 + sin (2n x 104t} x sin(2.57 x 10%) (In mV)

17. A 100 V carrier wave is made to vary between 160 V and 40 V by a modulating signal. What is the
modulation index ?

T Arge RIEd @ gR1100 V &) 9186 I &1 160 V 40V & dra gRaffa o=a 8 | Arged gadis
1 21? [JEE(Main)-2019_12-01-2019_Shift-1]
(1) 0.4 (2) 0.6 (3) 0.5 (4)0.3
Ans. (2)
Sol. Ac=100
Ac + Am = 160
Ac — Am =40
Ac =100, Am =60

u= Am _ 0.6
AC




18.

Ans.

Sol.

19.

Ans.

Sol.

20.

The wavelength of the carrier waves in a modern optical fiber communication network is closed to :
T YRS THRiT HIEaR HoROT YO H aEd A B Fdpean /e ®
[JEE(Main)-2019_08-04-2019_Shift-1]

(1) 1500 nm (2) 2400 nm (3) 600 nm (4) 900 nm

(1)

For minimum attenuation A = 1500 nm

A signal Acosot is transmitted using vosinwot as carrier wave. The correct amplitude modulated (AM)
signal is : [JEE(Main)-2019_09-04-2019_Shift-1]

T R Acosot BT HaAR dT8R TR vosineot I AT ST 2 | W21 o Agferd Rt 81w -
: : A A
(1) vo sinwot + Acosat (2) vy sinwyt + Esm(mo — ok +Es|n(m0 + ol

(3) vosin[w0(1 + 0.01Asinwt)t] (4) (vo + A)cosmt sinwmot
(2)
X = (vo + A cos wt) sin wot

X = vosin(wot) + A cos wt sin wot

X = vosin(wot) + % [sin(wo — w)t] + %sin (w0 + o)t

Given below in the left column are different modes of communication using the kinds of waves given in
the right column.

A. Optical Fibre Communication P. Ultrasound
B. Radar Q. Infrared Light
C. Sonar R. Microwaves
D. Mobile Phones S. Radio Waves

From the options given below, find the most appropriate match between entries in the left and the right
column. [JEE(Main)-2019_10-04-2019_Shift-1]

M 98w § A 9oR Ry td <R W § R®IN P UeR A W

A Afichd BIZR TR P. wRTEAf

B. RSN Q SRR YpI
C. AR R. e A=A

D. AIdTSd B S NSRS



o T Al ¥, <R den I’ W™ @) ufafedt &1 9atfaa e = 8 ?

(1)A-Q, B-S, C-P,D-R (2) A-S, B-Q,C-R, D-P
(3) A-Q, B-S, C-R, D-P (4) A-R, B-P, C-S, D-Q

Ans. (2)

So. (A—>Q);(B—>S),(C—>P),{D-—>R)

21. A message signal of frequency 100 MHz and peak voltage 100 V is used to execute amplitude modulation
on a carrier wave of frequency 300 GHz and peak voltage 400 V. The modulation index and difference
between the two side band frequencies are :

100 MHz Jmgfy den RrER dreear 100 V & U6 ga1 Ri-a &1 ST 300 GHz gy den Rer dreedn
400 V &1 U dq8F ORI Pl AW Afgea I3 & ol B © | Alger qadid a1 Qi ued d9v8 &
MRl &1 o=k 8T : [JEE(Main)-2019_10-04-2019_Shift-1]
(1)4;1x 10 Hz (2)0.25;1x108Hz  (3*)0.25;2x108Hz (4)4;2x 108 Hz

N . 100

Sol.  Modulating index ATgeT YAhIDh m = 200 0.25
fmax. — fmin. = (fc + fm) - (fc - fm)
=2Fw=2x 108 Hz

Bl Answers

EXERCISE # 1 4, (15.00) 5. (8.00) 6. (1.28)
PART-I 7.(12.80 8. (2.00)

1. (3) 2. (1) 3. (3) EXERCISE # 2

4. (2) 5. (4) 6. (3) PART -1

7. (3) 8. (3) 9. 4) (2) 5. (3) 6. (3) 7. (1)

10. (2) 1. (1) 12. (3) 8 (3) 9. (4) 10. (2)

13. (1) 14. (2) 15. (1) 11. (1) 12. (3)

16. (3) 17. 4) 18. (1) 13. 4) 14. 4)

19. (1) 20. (1) 21. (1) 15. (2) 16. (3) 17. (2)

18. (1) 19. (2)
PART-II 20.  (2)

(10.00) 2. (9.72) 3. (71.00) 2. (3)
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