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= The block dlagram on the top shows the blocks common to all
communication systems




Since this baseband signal must be transmitted through a
communication channel such as air using electromagnetic waves, an
appropriate procedure is needed to shift the range of baseband
frequencies to other frequency ranges suitable for transmission, and a
corresponding shift back to the original frequency range after
reception. This is called the process of modulation and demodulation

Remember the radio spectrum:
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For example, an AM radio system transmits electromagnetic waves with
frequencies of around a few hundred kHz (MF band)

The FM radio system must operate with frequencies in the range of 88-
108 MHz (VHF band)



Radio Frequency Spectrum

Table 1: Radio frequency classification

Classification Frequency (f) Wavelength (3)

Low frequency (LF) 30 KHz—300 KHz 10 km—Ikm
Medium frequency (MF) 300 KHz—3 MHz 1km—100 m
High frequency (HF) 3 MHz—30 MHz 100 m—10 m
Very high frequency (VHF) 30 MHz—300 MHz 10m—I m

Ultra high frequency (UHF) 300 MHz—3GHz | m—I10¢cm
Super high frequency (SHF) 3 GHz—30 GHz 10 em—1 ¢m
Extremely high frequency 30 GHz—300 GHz | em—I mm

(EHF)
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Baseband Transmission

The electrical equivalent of original information is
known as the baseband signal.

The communication system in which the baseband
signals are transmitted directly is known as
baseband transmission.

Baseband transmission is effective only for wire
communication.

Example, Telephone network, data communication in
computer networks through coaxial cable.

But it is inefficient for wireless or radio
communication.



Limitations of Baseband Transmission

1)Baseband signal having small frequency range
from 20 Hz to 20 KHz only

(so no large channel accommodation, mixing of

signals).

2)Due to small frequency range, baseband signal
cannot travel long distance in free space or air.

3)After a travel of short distance signal gets
suppressed. So not used for radio communication.
i.e. wireless communication.

To make the baseband signal efficient for radio
communication modulation technique is used.



Modulation Technique

To overcome the drawbacks of baseband transmission
and to transmit baseband signals by radio,
modulation techniques must be used.

Baseband signal (Information signal) is a low-
frequency signal and cannot travel longer distance.
Just like we cannot walk at longer distance.

Definition:

Modulation is the process of superimposing low-
frequency information signal on a high-frequency
carrier signal



Modulation Technique




1 ) Modulsting signal

s
Madulation
¢ (b) Camer signa + *
(Hgh frequency signel} ~~ Amplifude Modulstion  Angls Modulation
{AM) ;
Y Y

Fredusncy Phase
Wadulstion Wodulstion

e (FM) [PH)

oY ¢ (c) Ampitiuds moduiated signal




Modulation Technique

WModulated
‘-T ‘|. ._ —.-'- |~ dum
=0 When man sits in car



Need of Modulation

Baseband signal transmission cannot be used for radio
communication. To transmit the baseband signal for
radio communication, modulation must be used.

Modulation is necessary because of following
advantages:

Reduction in height of antenna.
Avoids mixing of signals.

Increase the range of communication.
Multiplexing is possible.

A

Improves quality of reception



Avoids Mixing of Signal
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nes AM, FM, PM Definition, Waveforms

Sr. | Parameter AM FM PM
No.

1. | Definition Amplitude modulation is a | Frequency modulation is Phase modulation is a
technique of modulation, a technique of technique of modulation in
in which amplitude of modulation, in which which phase of carrier
carrier varies in frequency of carrier varies in accordance with
accordance with varies in accordance with | amplitude of modulating
amplitude of modulating amplitude of modulating signal. Keeping amplitude
signal. Keeping frequency | signal. Keeping and frequency constant.
and phase constant. amplitude and phase

constant.

1. | Definition Amplitude modulation is a | Frequency modulation is Phase modulation is a
technique of modulation, a technique of technique of modulation in
in which amplitude of modulation, in which which phase of carrier
carrier varies in frequency of carrier varies in accordance with
accordance with varies in accordance with | amplitude of modulating
amplitude of modulating amplitude of modulating signal. Keeping amplitude
signal. Keeping frequency | signal. Keeping and frequency constant.
and phase constant. amplitude and phase

constant.
2. | Waveforms Ec Eg
0 0 t

Fig. 2.4

Fig. 2.5




Amplitude Modulation

Definition:

Amplitude modulation, is a technique of
modulation in which the instantaneous amplitude
of carrier signal varies in accordance with
amplitude of modulating signal.

While frequency and phase of carrier remains
constant. Nature of Amplitude Modulated
waveform shown in Fig. below.



Continued....
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Modulation Index

Definition:
In AM, the modulation index (m) is defined as the ratio of amplitudes of

modulating signal to the carrier signal.

Modulating Signal Amplitude
Carrier Signal Amplitude

E
m = E—”: .. (2.4)

M.I. =

If modulation index is expressed in percentage, it is called 'percentage

modulation’.

e, %m = % x 100 .. (2.5)
C

Referring to Fig. 2.6, the modulation index is

m = Vmax — Vmin
Vmax + Vmin




Effect of Modulation Index on Modulated Signal

1. Form< 1,
i.e. Eh, < Ec

Envelope exactly same as
modulating signal
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Fig. 2.9 (b) AM Wave for m < 1 (Under Modulation)

2. Form=1

i.e. E;, = E.. i.e. m = 100%.
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Fig. 2.9 (c) AM Wave for m = 1 (Fully Modulated)
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Continued....

3. Form>1
l.e. En > E.
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Fig. 2.9 (d) AM Wave at m > 1 (Over Modulation)
Form=0

Fig. 2.9 (e) AM Wave at m = 0 (No Modulation Takes Place)




Example
Draw the AM wave for triangular and square wave
modulating signfl.

e

E_ Triangular modulating
! signal
o i i i
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For square wave input.
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Example 2 Draw the AM waveform for the modulation
indexm=0.75, m=1and m=1.25.

Take a graph paper and adjust the value of E,, and Ec in such a way that

—Mm 7 —Mm —Mm
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Frequency Spectrum

Representation of AM wave in frequency domain is also
known as frequency spectrum of AM wave.

Definition:
Frequency spectrum is a graph of amplitude versus
frequency.

The frequency spectrum of AM wave tells us about
number of sidebands present in AM wave with
corresponding amplitudes.



Continued......

Consider equation of AM wave (equation 2.12).
(Ec + En sin opt) sin ot .. (2.12)

€am

E. . .
eam = Ec (1 + E—m sin comt> sin ot
C

E
But, m = E—m
C
eam = Ec(1 + m sin ont) sin ot .. (2.13)
Simplifying we get,
eam = Ec sin ot + MmEc sin ot sin ot .. (2.14)

There is a trigonometric identity that says that the product of two sin waves

IS

A-B A+ B
sin Asin B =COS(2 )—COS(Z )

By substituting this identify into equation becomes

MEc MEc
eam = Ecsin ot + cos (o — o) t - cos (o + o) t ... (2.15)
2 2

CarrierLSB ~ USB



Features of Frequency spectrum

From equation (2.15) of AM wave, it consists of three terms:
(i) The first term is sine term called unmodulated carrier signal.
(ii) The second term is cos term at frequency (f. — f.,) called Lower Side Band

(LSB) with amplitude % (0w, = 2nf. and Wy, = 2nf..).
(iii) The third term is cos term at frequency (f. + f,) called upper sideband
(USB) with amplitude %:

e This shows that AM wave, having two sidebands which contains
actual information and one carrier.

e From equation 2.15, plot of frequency spectrum shown in Fig. 2.13 (a).

Carrier
Amplitude
LSB USB
mE./2 mEq/2
BW
>
0 fo—1fn fe fe + Frequency

Fig. 2.13 (a): Frequency Spectrum of AM Wave




Bandwidth Requirement

The bandwidth of AM signal is defined as the
frequency range from upper sideband to lower
sideband frequency in frequency spectrum.

BW = fuse = fiss
= (f.+f )—(f.—f. ) ... (from Fig.2.13)
= fo+f —f +f,
= 2f
— BW required for AM signal.

Hence, bandwidth of AM signal is twice the
modulating signal frequency.



Sideband Concept (DSB and SSB)
AM

' ¢¢¢ '

DSBFC  DSBEC S58 VaH

DSBFC:

Means double sideband full carrier as shown in Fig.
2.13 (a). Its BW = 2fm.
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DSBSC (or DSB):
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SSB:
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Representation of AM Wave

AM wave is represented in two ways:
(i) In Time Domain
(ii)  In Frequency Domain

AM in Time Domain
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AM in Frequency Domain
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Power Relations in AM Wave

(i) The Total Power in AM (P,):
P. = (Carrier Power) + (Power in USB) + (Power in LSB)

Pt = Pc + Pysg + Pisp ...(2.16)

2 2 2
Ecarr EUSB ELSB

R TR TR

where, Ecrr, Euse, ELsg = r.m.s. values of the carrier and side band amplitudes
R = Characteristic resistance of antenna in which total
power is dissipated.
(ii) Carrier Power (P.):

The carrier power is given by,
2

_ (EN2)?
- R
E2
P, = 2—; .. (2.17)

where, E. = Peak carrier amplitude



Continued...

(iii) Power in sidebands:
The power in USB and LSB is same as,

E2
SB
Puss = Pisg = ?
From equation (2.15),
mE
Peak amplitude of sideband = f
(MEy/21/2)?
Puse = Pisg = R
m2E>
~ 8R
2
m2 Ec
Puss = Pisg = T X ﬁ
From equation (2.17),
2
E _
2R = Pe
2
m
Puss = Piss = T




Continued....

(iv) Total Power in AM:
From equation (2.16),
The total power in AM wave is,
H=Pf+%?+PB%

m.m
=Pty Pty R

p - (1 ; m{) 3 L(219)

From this equation, we can say that as value of 'm’ increases, total power also
Increases.
Form = 1, total power will be maximum. (i.e. for unity M.I.)

P.=1.5P




Example 1:

A modulating signal 20 sin (27 x 103t) is used to modulate a

carrier signal 40 sin (27t x 10 t). Find:
(a) Modulation index
(b) Percentage modulation
(c) Sideband frequencies and their amplitude

(d) Bandwidth of AM wave
(e) Draw the frequency spectrum.



Solution:
Given: Modulating signal,

e, = 20 sin (21t x 103t) ... (1)
e = E.sin(2nf t) ..(2)
Compare equation (1) and (2), we get

E,, = 20V

f = 103 Hz = 1 kHz
Similarly, carrier signal

e. = 40 sin (21 x 10%t) ... (3)
But, e, = E.sin (2 f_ 1) ... (4)
Compare equation (3) and (4), we get,

E. = 40 v

f = 10*Hz = 100 kHz
(a) Modulation Index:

m = = =0.5
(b) Percentage modulation:

% modulation = m x 100

= 0.5 x 100

= 50%



(c) Sideband frequencies and their amplitude:

LSB = F g = f.—f,
= 100 kHz — 1 kHz
= 99 kHz

USB = F|qp = fo+f
= 100 k + 1 kHz
= 101 kHz

LSB amplitude = USB

amplitude
= = 0.5 x
= 10V

(d) Bandwidth of AM
BW = 2 xf_
= 2 x 1 kHz



AM Transmitter

The functions of transmitter are:

1. To convert original information into
electrical signal.

2. To amplify the weak signal.

3. To modulate the signal.

4, To increase the power level of modulated
signal.

5. To transmit the signal through transmitting
antenna.

The AM transmitters are of two types:

1. Low level modulated transmitter.

2. High level modulated transmitter.



Low Level Modulated AM Transmitter
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High Level Modulated AM Transmitter

Crystal [W][}Wl

g_ Stabilized Buffer Driver Class C RF
RF crystal — Ampliier [ Amplfier [ O/P Amplifier
oscillator (Modulator)
y
Pre-amplifier Driver Class B
Audio andAudo |yl ppifier [ AF Power
signal Processing Amplifier
(sound) Circuits

AM output



comparison petween High Level ana
Low Level Modulation

ﬁr. High Level Modulation Low Level Modulation
OI
1. Modulation takes place at high|Modulation takes place at Iow
power level. power level.
Z. [Class-C amplifier are used which are [After modulation linear amplifiers
highly efficient. (Class A, AB or B) are used.
3. [Very high efficiency. [OW effiCiency than high level
modulation.
4. [Complex because of very high|[Easy because of [ow power.
power.
5. [Used 1In high power broadcast|{Used 1n [V transmitters (IF
transmitters. modulation method).
In laboratory equipments, walkie-
talkies etc.




AM Modulator Circuit using BJT
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Signal
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Power
Amplifier
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AM output
— (Modulated
output)
|/' Class-C
Ny RF Amplifier

(b)



Operation

The transistor is normally operated in the Class-c Mode in which it is biased
well beyond cut-off.

eThe carrier input to the base must be sufficient to drive the transistor into
conduction over the part of RF cycle, during which collector current flows in
the form of pulses.

eThe tuned circuit in the collector is tuned to resonate at the fundamental
component, thus, the RF voltage at the collector is sinusoidal.

When modulating signal is applied to the steady collector voltage,
changes to a slowly varying voltage given by V'_. = V_ + V_(t).

eThe modulating voltage V_(t) is applied in series with V_ through the low
frequency transformer.

eThe RF bypass capacitor provides a low impedance path for the RF to
ground so that negligible RF voltage is developed across the LF Transformer
secondary.

eThe modulated output is obtained through mutual inductive coupling as
shown in circuit diagram.



e [ne coupling prevents the 'steady voltage from being transferred to the output,

eso that R; varies about mean value of zero shown in Fig.

Modulating

signal input

AT

I

> t

RF carrier input

-
LATRVRIATRTAVAVIURVAVATATRVAIA
— |
Vg max. ‘F/Nﬂ—n n\m\ /W’n 7‘ Modulating
output
0 >t

Fig. Input/Output waveform of AM Modulator



Advantages of AM
1. AM transmitters are not complex.
2. AM receivers are simple and easy to detect.
3. Less expensive.
4. Covers large distance.
Disadvantages of AM
1. Requires large bandwidth.
2. Requires large power.
3. Gets affected due to noise.
Applications of AM
1. Radio broadcasting.
2. Picture transmission in TV (VSB is used).
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Frequency Modulation

Definition of FM:

Frequency modulation is a technique of modulation in which the
frequency of carrier is varied in accordance with the amplitude of
modulating signal.

e In FM, amplitude and phase remains constant.

e Thus, the inAformation is conveyed via. frequency changes

EmI
= t

Eoﬁ AARAANAAAAAANAAAL
RVAVAVAVIVAVAVAVAVAVAVAVAVAVAUR

I TANARANWAWA RN
IVARATAVAVAVAR WARVIIVAVAR

—
C

N i Max
Frequency Min.
Frequency Frequency
change

(c) FM wave
(variation in frequency, amplitude
and phase remains constant)



Modulation Index

Definition:
Modulation Index is defined as the ratio of frequency
deviation (5) to the modulating frequency (f,_).

M.I.=Frequency Deviation
Modulating Frequency

mf =0
fm
In FM M.1I.>1

Modulation Index of FM decides —
(i)Bandwidth of the FM wave.
(ii)Number of sidebands in FM wave.



Deviation Ratio

The modulation index corresponding to maximum deviation
and maximum modulating frequency is called deviation ratio.

Deviation Ratio= Maximum Deviation
Maximum modulating Frequency

= Omax
fmax

In FM broadcasting the maximum value of deviation is limited to 75
kHz. The maximum modulating frequency is also limited to 15 kHz.



Percentage M.l. of FM

The percentage modulation is defined as the ratio of the
actual frequency deviation produced by the modulating signal
to the maximum allowable frequency deviation.

% M.I = Actual deviation
Maximum allowable deviation




Mathematical Representation of FM

(i) Modulating Signal:
A

Enl--= em

It may be represented as,
e = E A cos ot ...(1)

m

Here cos term taken for simplicity

where,
e = Instantaneous amplitude
O, = Angular velocity
= 2nf
f. = Modulating frequency



TNV
SIS

Carrier may be represented as,

e, = E sin (o, +¢)  ----- (2)
where,
e, = Instantaneous amplitude
®, = Angular velocity
= 27tf,
f. = Carrier frequency
¢ = Phase angle



(iii) FM Wave:

s
Frea. N

f \/ A
] I, S

Fig. Frequency Vs. Time in FM
FM is nothing but a deviation of frequency.
From Fig. 2.25, it is seen that instantaneous frequency ‘f’ of the FM
wave is given by,
f=f_.(1+KE_, coso,t)... (3)

where,
f. =Unmodulated carrier frequency
K Proportionality constant
E_ cos ot =Instantaneous modulating signal
(Cosine term preferred for simplicity otherwise we
can use sine term also)
e The maximum deviation for this particular signal will occur, when
cos ot = =1 i.e. maximum.
. Equation (2.26) becomes,
f=f.(1zKE,) ... (4)
f=f_ +t KE_f. ... (5)



So that maximum deviation 6 will be given by,

0 = KE. f. ...(6)
The instantaneous amplitude of FM signal is given by,
e = A sin [f(o,, ®,,)]
= Asin® ...(7)
where,
flo, ®.,)= Some function of carrier and modulating

frequencies
Let us write equation (2.26) in terms of o as,

® = ®, (1 +KE_ cos ot)
To find 0, ® must be integrated with respect to time.
Thus,
0 = o dt
=, (1+KE,_ cos o, t) dt
0 =m, (1 +KE_ cos mt) dt
= . (t+ KEm sin omt)
mm
=0t + KEmo, sin omt
®m

=o.t + KEmf_ sin omt
®m



=0t + O sinmmt ['_' 0=K E. fc]
fm

Substitute value of 0 in equation (7)

Thus,

ey = A sin (ot + d sinomt )---(8)
fm

ey = Asin (ot +mf sinomt )---(9)

This is the equation of FM.



Frequency Spectrum of FM

Frequency spectrum is a graph of amplitude versus frequency.
The frequency spectrum of FM wave tells us about number of
sideband present in the FM wave and their amplitudes.
The expression for FM wave is not simple. It is complex because it
is sine of sine function.
Only solution is to use ‘Bessels Function’.
Equation (2.32) may be expanded as,
€y = {A ], (M) sin ot
+ J, (Mmg) [sin (o, + ©,) t — sin (o, — o) t]
+ 1, (Mmg) [sin (o, + 20,) t + sin (o, — 20,,) t]
+ J; (Mg) [sin (o, + 30,,) t — sin (o, — 30,,) t]
+ 1, (Mm¢) [sin (o, + 40,) t + sin (o, — 40,,) t]
+ ... ) ... (2.33)
From this equation it is seen that the FM wave consists of:
(i)Carrier (First term in equation).
(ii)Infinite number of sidebands (All terms except first term are
sidebands).
The amplitudes of carrier and sidebands depend on ']’ coefficient.
o, = 2nf,, o, = 2nf_
So in place of o, and o, we can use f_and f..




<— Lower sidebands T Upper sidebands ——»

A A o0 Number of
sidebands
A A
Amplitude
‘ A A
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f - 5f L A f +5f
c 'm | | I f—f C f4f | | | ¢ Y'm — >
' g © c.'m | ' Frequenc
fe-4fy, | f-2f f+2f | f+4f quency
f—3f, f+ 3f,

<

- BW =00
Fig. : Ideal Frequency Spectrum of FM



Bandwidth of FM

From frequency spectrum of FM wave shown in Fig.
2.26, we can say that the bandwidth of FM wave is
infinite.

But practically, it is calculated based on how many
sidebands have significant amplitudes.

(i)The Simple Method to calculate the bandwidth is —

BW=2fmx Number of significant sidebands --(1)

With increase in modulation index, the number of
significant sidebands increases. So that bandwidth also
InCreases.

(ii))The second method to calculate bandwidth is by
Carson’s rule.



Carson’s rule states that, the bandwidth of FM wave is twice
the sum of deviation and highest modulating frequency.
BW=2(8 +fmmax) ...(2)

Highest order side band = To be found from table 2.1 after the
calculation of modulation Index m where, m = §/fm

e.g. If m= 20KHZ/5KHZ

From table, for modulation index 4, highest order side band is 7th.
Therefore, the bandwidth is
B.W. = 2 f_ x Highest order side band
=2 x5 kHz x 7
=70 kHz



Carrier Distribution Charts:

Table 2.2: Carrier Side Band Distribution Chart for
different Modulation

Modulatio | Carrier Side Frequencies
n Index m Jo 1st ond 3rd 4th gth 6th 7th gth gth T 1o0th T 11th [ q2th
J1 J2 J3 J4 J5 J6 J7 J8 J9 J10 J11 J12

0.25 098 | 012 | 0.01

0.5 094 | 024 | 003 [ 0.02 | 001 | 001 | 001 | 002 | 0.02 |0.01]|0.01|0.01]0.01
1 077 | 044 ( 011 | 0.06 | 003 | 004 | 005 | 0.05 [ 0.03 | 0.01|0.02|0.03]0.02
1.5 0.51 056 | 023 | 013 | 006 | 013 | 0.13 | 0.09 | 0.06 | 0.02 | 0.06 | 0.05

2 022 | 058 | 0.35 0.2 013 | 026 | 019 | 013 | 0.13 | 0.02 | 0.1

2.4 0 052 | 043 | 031 | 028 | 032 | 025 | 023 | 022 | 0.13

3 -0.26 | 034 | 049 | 043 | 039 | 036 | 034 | 032 | 0.28 | 0.18

4 -04 | -0.07 | 036 | 0.36 0.4 035 | 034 | 0.34

5 -0.18 | -0.33 | 005 | 026 | 036 | 0.19 | 0.34

5.9 0 -034 | -012 | 011 | 0.16 | 0.03

6 015 | -0.28 | -0.24 | -0.17 | -0.1

7 0.3 0 -0.3 | -0.29 | 0.03

8 017 | 023 | -0.11 | -0.24

8.65 0 027 | 0.06




Effect of Modulation Index on Sidebands
Modulation index 0.5/ 1| 2 (2.5 4
Number of significant sideband on eitherside| 2 | 3 | 4 | 5 | 7
of carrier
Ca/r\rier m, = 0.5 A m, = 1
- > @ @
[ R 2311 ] %
1 i | I %
f—2f, f—f, f.  f+f, f.+2f_ f,
4 | SBs i UusSBs—bi
N me;= 2
@ @
o ] ] ? o
@ @
> T ] [ § g
f—af, | f—2f, f—f, f  f+f, f+2f, ! f+4f,,
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Types of Frequency Modulation

FM (Fre?uency Modulation)

X l

Narrowband FM Wideband FM
(NBFM) (WBFM)
[When modulation index is small]  [When modulation index is large]




Comparison between Narrowband
and Wideband FM

Sr. Parameter NBFM WBFM
No.
1. |Modulation Less than or slightly Greater than 1
index greater than 1
2. |Maximum 5 kHz 75 kHz
deviation
3. |Range of 20 Hz to 3 kHz 20 Hz to 15 kHz
modulating
frequency
4. |[Maximum Slightly greater than 1 5 to 2500
modulation
index
5. |Bandwidth Small approximately Large about 15 times
same as that of AM greater than that of
BW = 2f NBFM.
BW = 2(8+fmmax)
6. |Applications FM mobile communication |Entertainment

like police wireless,
ambulance, short range
ship to shore
communication etc.

broadcasting (can be used
for high quality music
transmission)




Representation of FM

FM can be represented by two ways:
1. Time domain.
2.Frequency domain.
1.FM in Time Domain
Time domain representation means continuous variation of voltage with respect

to time as shown in Figé

C

0

1g. 1 In Time Domain

2.FM in Frequency Domain
e Frequency domain is also known as frequency spectrum.
e FM in frequency domain means graph or plot of amplitude versus frequency as

shown in Fig. 2.29.
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Fig. 2: FM in Frequency Domain




Pre-emphasis and De-emphasis

. Pre and de-emphasis circuits are used only in frequency modulation.

e Pre-emphasis is used at transmitter and de-emphasis at receiver.
1. Pre-emphasis

e In FM, the noise has a greater effect on the higher modulating frequencies.

e This effect can be reduced by increasing the value of modulation index (m;), for
higher modulating frequencies.

e This can be done by increasing the deviation ‘6" and ‘6’ can be increased by
increasing the amplitude of modulating signal at higher frequencies.
Definition:

The artificial boosting of higher audio modulating frequencies in
accordance with prearranged response curve is called pre-emphasis.

e Pre-emphasis circuit is a high pass filter as shown in Fig. 1



Fig. 1: Pre-emphasis Circuit

Vo Pre-emphasized

output
R=500 .

filter



As shown in Fig. 1, AF is passed through a high-pass filter, before
applying to FM modulator.

. As modulating frequency (f ) increases, capacitive
reactance decreases and modulating voltage goes on increasing.
f  oc Voltage of modulating signal applied to FM modulat

m

Boosting is done according to pre-arranged curve as shown
in Fig. 2. f A

Output !
(dB) |
:
+3 F—-—————————— :
0 ! i
—Bl-------———- T |
! :
126L--c————____ + S Y —
3180 Hz 15 kHz >
25 Hz

Fig. 2: P re-emphasis Curve



The time constant of pre-emphasis is at 50 us in all CCIR standards.

e In systems employing American FM and TV standards, networks having
time constant of 75 usec are used.

e The pre-emphasis is used at FM transmitter as shown in Fig. 3.

Transmitting
Antenna
Modulating Frequency
Signal —{ Pre-emphasis —» M (I:I\:It c ™ up —P| A':novﬁﬁgr
octato Conversion P
Crystal
Oscillator

Fig. 3: FM Transmitter with Pre-emphasis



De-emphasis

e De-emphasis circuit is used at FM receiver.
Definition:

The artificial boosting of higher modulating frequencies in the
process of pre-emphasis is nullified at receiver by process called
de-emphasis.

e De-emphasis circuit is a low pass filter shown in Fig. 4.

M— M L

nput Demodulator oAF

output

I
| |
11
<

---------- -1 Low pass fter
L orDe-emphasis cireut

Fig. 4: De-emphasis Circuit



Fig. 5: De-emphasis Curve
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As shown in Fig.5, de-modulated FM is applied to the de-emphasis
circuit (low pass filter) where with increase in f,_, capacitive reactance X_
decreases. So that output of de-emphasis circuit also reduces .
Fig. 5 shows the de-emphasis curve corresponding to a time
constant
50 us. A 50 us de-emphasis corresponds to a frequency response curve
that is 3 dB down at frequency given by,
f = 1/ 2nRC
= 1/ 2mx 50x 1000
= 3180 Hz



The de-emphasis circuit is used after the FM demodulator at the
FM receiver shown in Fig. 6.

i
|

AF an

P ek Poyer Anpife

De-cmpnass

Fig. 6: De-emphasis Circuit in FM Receiver



Comparison between Pre-emphasis

and De-emp

Nasis

Parameter

Pre-emphasis

De-emphasis

1. Circuit used

High pass filter.

Low pass filter.

2. Circuit diagram

I R i Cc
FMo——AAAAA | AF
AF‘)_’? in i J—Ci output
in ""F‘ig_—_E‘2.37
3. Response curve dBA LI =
Ig D; e%qghasls curve

+3dB
o

—12.6

o
—BdBf-——————— ==
1

________________

4. Time constant

T =RC= 50 §18°HZ

ToRo= S0,

5. Definition

Boosting of higher
frequencies

Removal of higher
frequencies

6. Used at

FM transmitter

FM receiver.




Comparison between AM and FM

Parameter AM FM

1. Definition Amplitude of carrier is Frequency of carrier 1s
varied in accordance with varied in accordance with
amplitude of modulating the amplitude of
signal keeping frequency modulatlng sgjnal keeping
and phase constant. amplitude and phase

constant.
Z. Constant Frequency and phase. Amplitude and phase.
parameters

5. Modulated signal

‘/Ec+Em

SIEAAEAAR
| RVAVATHILIATAY

AM \\Aave EFEM Wave
4. Modulation Index
m=Em/Ec m = §/ fm
5. Number of Only tTwo Infinite and depends on m..
sidebands
6. Bandwidth BW = 2t BW =2 (G +F 1y, (max))

7. Application

MW, SW band broadcasting,

video transmission in TV.

Broadcasting FM, audio
transmission in TV.




FM Generation

There are two methods for generation of FM wave.

Generation of FM

l l

Direct Method Indirect Method

1.Armstrong Method
1.Reactance Modulator

2. Varactor Diode



Reactance Method

o+ VCC
RFC R RFC
Rp c § ’
T
1 n
CT Reactance {
Modulator
0
R
o o [l o
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Re 1. 4 1
/ AR TC, b Cl I
in 1 ;é(
¥ o o o ¢ CZ B C
Modulating =
signal I

Fig. : Transistorized Reactance Modulator



» TO carrier
oscillator

Varactor Diode Modulator

+V
4

:CZ

C,
—5oom
\ A
. @
Varactor diode

o

Modulating
signal
Fig. : Varactor Diode Frequency Modulator



Limitations of Direct Method of FM Generation

1.In this method, it is very difficult to get high order
stability in carrier frequency because in this method the
basic oscillator is not a stable oscillator, as it is controlled by
the modulating signal.

2. Generally in this method we get distorted FM,
due to non-linearity of the varactor diode.



FM Transmitter (Armstrong Method)
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FM Generation using IC 566

FM
out

’ o V4
Ry R,
0.001
c, [ |
ModuI;ting | 0 8 — /\/\
signal >  NE 566
7 1 —
R3
— C1

Fig. : Basic Frequency Modulator using NE566 VCO



Advantages / Disadvantages /
Applications of FM

Advantages of FM

1.Transmitted power remains constant.

2.FM receivers are immune to noise.

3.Good capture effect.

4.No mixing of signals.
Disadvantages of FM

The greatest disadvantages of FM are:

1.It uses too much spectrum space.

2.The bandwidth is wider.

3.The modulation index can be kept low to minimize the
bandwidth used.

4.But reduction in M.I. reduces the noise immunity.

5.Used only at very high frequencies.
Applications of FM

1.FM radio broadcasting.

2.5ound transmission in TV.

3.Police wireless.



Pulse Modulation Technique

Pulse Modulation
I
Y Y
Analog Pulse Modulation Digital Pulse Modulation
\ \ Y ‘ \
Pulse Amplitude Pulse Time Pulse Code Delta ~ Adaptive Delta
Modulation Modulation Modulaton ~ Modulation ~ Modulation
(PAM) (PTM) (PCM) (DM) (ADM)
|
Pulse width Pulse Position
Modulation Modulation

(PWM) (PPM)



Fig. : Carrier for Continuous Wave and Pulse Modulation

> t

Modulating signal
(same for both techniques)

Carrier for continuous wave
Modulation (AM, FM, PM)

Carrier for
Pulse Modulation



Need of Pulse Modulation

* Comparing to continuous wave modulation (like AM, FM),
the performance of all pulse modulation schemes except
PAM in presence of noise is very good.

* Due to better noise performance, it requires less power to
cover large area of communication.

* Due to better noise performance and requirement of less
signal power, the pulse modulation is most preferred for
the communication between space ships and earth.



Pulse Amplitude Modulation (PAM)

Definition:

eThe amplitude of the pulsed carrier varies In
accordance with the instantaneous value of
modulating signal, is called PAM where width and
position remains constant.



Generation of PAM

QU

Modulating

signal c(t)

QU

Low pass
filter

—

Multiplexer

—

Modulator

Fig. : Generation of PAM Block diagram
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Waveforms of PAM

c(1) A

/\/ Modulating signal

o e

R(t) o E E
o—‘ﬂﬂﬂﬂﬂﬂmﬂﬂﬂﬂﬂﬂnﬂ P:ISteCamer

S(t) A _ | i |
ol TN IR

AU

S® 4 i Double polarity PAM

ol ﬂrm HT’ i orra il or ¢ Utnipolar PAM




Advantages of PAM
eIt is easy to generate and demodulate PAM.
Disadvantages of PAM
1.Since PAM does not utilize constant amplitude
pulses, output is distorted due to additive noise so
that it is infrequently used.
2. Transmission bandwidth required is too large.
3.Transmitted power is not constant.
Application of PAM
eUsed in radio telemetry for remote monitoring and
sensing.



Generation of PAM Transistorized Circuit

T+12V

TR

Input o H '/ Q,
(Modulating N
signal)

R

Sampling o—\/vv:/v < Q,
clock (carrier) P o Qutput
Lannn % A

Fig. : Transistorized circuit for generation of PAM




Pulse Width Modulation (PWM)
PTM

'
v '

PWM PPM

Definition:

eWhen the width of pulsed carrier varies iIn
accordance with the instantaneous amplitude of
modulating signal, is called PWM where amplitude
and position remains constant.



Generation of PWM

Sicing P
circut | g g 99"

Sawtooth
generator

Fig.:B.D. of generation of PWM



Modulating signal

O : \/ > {
sod | 1] i
| : . PWM
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Waveforms of PWM



Generation of PWM using IC 555

T Vo= +5V

TC“D R, SR
8 4 = 1 8 4

Cs
3 L— 1" e
3—° PWM
c1 | 1000
|C555 Output1 —16 IC555 Output 2
_T_ (Pulsed
3 — T carrier) 1 2 5 _l
1 I Cs 1 Input v
J_ H _ J_ modulating

_T_ signal

Fig. : Generation of PWM using IC 555



Advantages of PWM

1. More immune to noise.

2. Synchronization between transmitter and receiver
is not required.

3. Possible to separate out signal from noise.
Applications of PWM
oPWM is used in special purpose communication
systems mainly for military but is seldom used for
commercial digital transmission system.



Pulse Position Modulation (PPM)

Definition

eWhen position of pulse carrier varies In
accordance with the instantaneous value of
modulating signal is called PPM, where width and
amplitude of carrier remains constant.



Generation of PPM

Modulating Sllcmg PWM PPM

sona » Adder —¥ direut —» Differentiator —

Sawtooth
generator

Fig.:Block diagram of PPM generation



Waveforms of PPM

PWM

> 1

Differentiated

» 1

PPM

> 1



Advantages of PPM

1. Good noise immunity.

2. Requires constant transmitter power output.
Disadvantages of PPM

1. Requires synchronization between
transmitter and receiver.

2. Large Bandwidth requirement.

Applications of PPM

1. It is used for optical communication system
where there is no multipath interference.

2. PPM is useful for narrowband FM channel
allocation, with these channel characteristics in
the radio control and model aircraft, boats and
cars.

3. PPM is also used for military applications.



Generation of PPM using IC 555

Pulsed ° ;WM
carrier _T_ PWM O/P R1
T Generator _I_
(IC 555) =
(o, C1
Modulating
signal . 5
=i 2 ]
] D 1 T C,
1 I i

Fig. : Generation of PPM using IC 555



Comparison of PAM, PWM and PPM

Parameter PAM PWM PPM
1. Variable Amplitude Width Position
parameter of pulsed
carrier.
2. Bandwidth Low High High
requirement
3. Transmitted power | Varies with Varies with Remains
amplitude of variation in constant
pulses width
4. Noise immunity Low High High
5. Information Amplitude Width Position
contained in variations variations variation

6. Output waveform

el

U1 oo nn




ANY QUESTION?

For more detail contact us



http://www.pcpolytechnic.com/contact-us.html

