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\mraquency Division Multiplexing (FDM)

¥ AMPLITUDE (UINEAR) MODULATION =

; Introduction

As discussed earlier in Chapter 1, Modulatiop ; e

gystem. Mod\_ﬂ:tmn rr?y be dl;ﬁned as a pmﬂsfh; Eﬁgﬁ’:ﬁiﬂﬂ“‘!‘m ::_. ommunica

carrier is varied according to the instantaneous valy cteristic of 2 slanel kanae
: ; e of another signal known s gy

Modulation may be classified as continuous wave
waveform is continuous in nature then the modulat

tion. The examples of this type of modulati ; : ous-wave (CW)
On the other hand, if th_e carrier waveform is a pjlr;iﬁ:‘igi‘;g:rﬁﬂiglau&nmdm modulation f 5
called as pulse H‘{ﬂ{iUIEtlﬂﬂ. The examples of this type of modulation are ;MW mﬁs’ Vil
(PAM), Pulse-Width Modulation (PWM), Pulse Code Modulation (PCMy et |\ oo on
Am;ghtude Modulation and Angle Modulation are the two families nf‘ contin ' =
modulation systems. In amplitude modulation, the amplitude of a sinusoidal carrier m'w =
accordance with the baseband (modulating) signal. On the other hand, in angle modulatio “ﬁ. ed in 2
of the A:in;lmn;da] t::'rief wave is varied in accordance with baseband signal. ulation, the angle %
plitude modulation is discussed in this chapter, wh iom ' ol R e
e D ereas the angle modulation will be discussed 3

8.2 Multiplexing e
Multiplexing is a technique in which several message signals are combined into a composite t,
signal for transmission over a common channel, In order to transmit a number of these signals

over the same channel, the signals must be kept apart so that they do not interfere with each
other, and hence they can be separated easily at the receiver end. | o

Basically, multiplexing is of two types as under:
(i) frequency division multiplexing (FDM) R
(i) time-division multiplexing (TDM) s

N

1

The FDM scheme is illustrated in figure 3.1 with the simultaneous , :
message or baseband signals. The spectra of the message signals and tha sum of the m
carriers are indicated in the figure. DSB modulation 1s used in lllushratmgth .-:-'
8.1. Any type of modulation can be used in FDM as long as tha"&"‘ﬂﬂu; ~,
avoid spectral overlapping. However, the most widely used mathnd of madullﬂmil 8B mat
At the receiving end of the channel the three modulated signals are separated by bandp: -
(BPFs) and then demodulated. :

FDM is used in telephone system,
fgﬂunmamn networks. Cumm;r:ialﬁil{:{to ;
KHz apart in the frequency range trom 244 : 8613 g
spectral overlap fo:q AM with a reasonably high fidelity (50 Hzto lﬁm ' !
AM stations on adjacent carrier frequencies are plac --
iNtarfarence. Commercial FM {pmqum.mw_mtm werior Sy
art, In a long-distance telephane system, whmﬁp mare vaics SR

telemetry, commercial hmdu nd
broadeast stations use carrier freque .
640 kHz. This l_'lw_ _ llﬂ :

: Mﬁmﬂddkﬂxwhmmm peal GFANE




[LPE[=> (1)
[LPF}—=> (1)

(P> (1)

ers, then every user can be given
:t,),.aach user for one second time
mals. Because digital signals are
suecessive digital codewords can
)M whereas Intersymbol Interference
ecial cares.

,.-,,. um amplitude of the carrer
de) of the modulating or baseband

.(3.1)
is the carrier frequency. For
Zero in equation (3.1).
g to amplitude modulation,
“ onal to the instantaneous
e
WE may be expressed as
. .32
T (33

frior signal and modulated signa!

- the same shape as the message signal or

e s(t) = [A +x(0)] cos 0t = B cos @t _d___;-:;:;:'f' -

cid)

- - - — - =}

Fig. 8.2. Illustration of amplitude modulation.

(iii) The resulting signal from the process of amplitude-modulation 15 called amplitude m dulated
signal or simply AM wave. S
(iv) Inthe process of amplitude modulation, the frequency and phase of the carrierr -I‘H:'A"'
whereas the maximum amplitude varies according to the instantaneous value of th
information signal. X T
() Equation (3.8) represents an amplitude modulated wave. This wave has a constant frequency
o, and amplitude A + x(1). This implies that the amplitude of the wave is changing | | 4
in accordance with the value of the modulating signal x(f). The frequency of the Al
~ remains unchanged and is equal to . pre
(vi) Figure 3.2 () illustrates the process of amplitude modulation. [t may be observed: hat u
point P modulating signal is not applied so there is no modulation and maximum ampli
of the carrier remains constant at A. Now, at point P, the modulating signal is &p

* Therefore, after point P, the amplitude modulation occurs. This means

amplitude A of the carrier now varies in accordance with the instantar o0 ue ¢ ‘5

~ modulating signal x(f). L aae
(vii) The AM wave has a time-varying amplitude called a= the envelope of the AM wave. ¥i§
~ 3.2(c) shows that the envelope of AM wave consists of the modulating 8% "# 0L

-‘mm‘ﬂlﬂt the upiqu& pmpgﬂyﬁfwil that th:m .'-‘:" 2 i e =

I

e e

w that the expression for AM wave i

E(t) = A+xt) e e
led the envelope of AM wave. This en' 1 —T*'h{"--s“ i

pectrum of AM Wave or Frequenc:
ol =Aehmy. . o S



- if we want to know the (3.

: freq
find its spectrum oy freq{::;e"

: g Mar transform of AM wﬂn“'
s the Fourier transform of (s ﬂndﬁz]
hg as shown in figure 3.3(a)
ted to the interval —» <, < & A
L]

es not have any frequency compong i

ulating signal ﬁ'equem—‘}' ranges extend

to 0. Practically there is ng meanin
) r mathematical convenience only :
X(w)

ﬂm =0
4 Cw)
O »ae
_______ ; Upper
J Sta) gideband
' {(USB)

B
K b

88 from 0 to @,, or simply th*
Fansform of a cosine signal cos o

D

(a8

.38

- % AMPLITUDE (LINEAR) MODULATION =
To find the spectrum of AM wave, we take : '
The Fourier transform of s(f) may be fuundl:;:rpm:r B
,¢ separately as follow: considering the two factors x(f) ¢
To find the Fourier transform of x(t e
Fourier transform as ) 05 0,4, we first note the ¢ *quency-shifting
If x(t) & X () i
then & x(f) & X(o— o) Rt
This property states that if a signal x(t) is multini; s et o e
Xi(w) in frequency-domain is shifted by an amount u;f 'ed by ¢ in time-domain, then; 18 upects
Similarly, e™ x(t) & X(w + ®,) e 2=

But, since & is not a real function and cannot be ted

T » . - 2 m

shifting in practice is achieved by multiplying x(t) by a n':mﬂ
Therafﬂl'ﬁi

such as cos 1. Rt -
x(t) cos mt = m)[% (e +.-*-=';]

x(t) cos m t = 3

Hence, using equations (3.10) and (3.11), we get

| x(t)el +-é-xm o el

x(t)cosmt e %[X{m-m, ) + X{NHIIJ]

This means that the multiplication of a signal x(¢) by a sinuseid of frequency o_shiftst s
H‘m) b}'im‘,. AT i
The Fourier transform of the second factor A cos ®,1 will be as in equation (3.8)
A cos Wt & rA[S(o + ) + 8w - o)) o
This means that Fourier transform of A cos o f consists of two impulses at + ®,
Therefore, the Fourier transform of AM wave given by equation (3.6) will be the sum ¢ Fwquatis
(3.14) and (3.15), L o T Y

Thus, S(w) = %[X{m*ﬂ¢]+3[ﬂ+ﬂ, I]+ m[ﬂu+u,]+&.-.,_jl

Above equation for Amplitude Modulated Wave contains two fneto
12 [X(0 - ) + X(® + ®)] represents the spectrum of original or basehand vignal shiftes
: Ppositive as well as in the negative direction by the factor o, On the other hand, the secand fa
s A3 + m) + 8w - w)) represents the presence of carrier signal Le., two in 3
strength equal to e |
‘Thus the spectrum of modulated signal contains shifted spectrium ¢
‘Spectrum of carrier signal as shown in figure 3 3(c). |

L | Sl
= -
e
A
g
-
e

BT ey )

........

I. | Prom figure 3.3(c) following points may be observed: e
the upper sideband (USB) whereas the symmetrical portion b

l
™ fir = "':WA S
i ‘f:i.".t""-"'ﬁ*f;"--ﬁ:"n' o Ve "
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.:.: wider only ﬂ:epnglfwt- frequengy reo;

=" saplica of the positive frequencieg %;"

8 dar only positive side. =
I'_:._"_'. E _ " 1__ J;“ }'mmpﬂnent pn:.s{_\ul .

B aaney component 18 ©_ — o Al

m"

'wl scies is equal to the handwidth of the

B (3.1)

ulation, deg s¢ of modulation or modulation

NOWT a5 percentage modulation.

.(3.18)

¢ of AM signal only if the per

lop
R et e
. -

T than 100, the baseband

aseband signal recovered
ope distortion and the AM

8 0wn in figure 3.4(a) and
ipon the amplitude of the

-

™ AMPLITUDE (LINEAR) MODULATION =

(ii) Amplitude Modulation with m, > 1

In this case, the waveform of the AM signal is as shown in fi 3.4(d). ¥ . e

a baseband signal exceeds maximum carrier amplitude i.e,

I x(tj I IHﬂ.‘l‘)A

s(t)

]

In this case, the modulation index m, is more than 1 or 100%.

Dv

3.5. Single Tone Amplitude Modulation (AM)

Till now, we discussed amplitude modulation in which we assumed that ba

signal is a random signal which co
a carrier signal (fixed frequency signal)

In this section, we shall discuss amphitud
signal consists of only one (single) frequency i.e. m
This type of amplitude modulatio

Let us consider a single tone
x(t) = V,, cos @ 1"
which contains a single frequency ©,,.

-

Let the carrier signal be

or

s(f) = Acos

eu}=Amm‘{ w2 ;
We know that the general expression for AM signal is

Bl
VAL

(e)

: Fi e ’B- el
VAYAY,

s(t) = [A +x(0)] cos o
s() = A cos Wt + x(f) cos O f

=

S

:1' '.L-E. N

Ly

Y
]

large number of frequency components. This means th X
ismodulatﬂdhyahmnulnhu& ponents.
litude modulation in which the modulat
odulation is done by & e frequ
nisknownanuinihmulmil S| o
modulating signal as e g

P
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 uting s el ineqution G2 ¢ 6%
s T AT _ﬂ-_,ﬁ_gw_fmﬂpﬂ.ﬂ e (323
L e ilt st mﬁ:ﬂd‘hmhﬁadm serve pf, quency componeng,
~ present in AM signal -
| o) =Acosot[L+m s 0 f]

@ s =AckoitA-m,cen)csm,l

or 0 =Acosmt + ﬁ?*ﬁ!iwmna.tl

= et 2 oo 0, 408 (0~ )]

ik Rk “Th*ﬁe frequency-spectrum of single-tone
cR one-sided frequency spectrum of single

 Rultio hﬁnncia:}:pto 8 kH#

| w | : a{mod'-‘hm gignal and A is the maximum

Ladly

% AMPLITUDE (LINEAR) MODULATION =

e

golution: The oscillator in AM transmitter is uged tE AR

frequency of the oscillator will be the caryiay frequency te high carrier frequency. Hence, the r

—

Therefore,
I

ier frequency, = — .
Carr q ¥ e P i
Here given that L =50 uH

L=50x10%H

and C=1nF =1x10¥%F
Thus, f.= ; il =TSy 1

zn;JE.II} %1078 %1 x 1o
fe =712 % 10° Hz = T12 kH2
Now, it is given that the highest modulating frequency is 8 kHz.

Therefore, the frequency range occupied by the sidebands will ;
: - : range 8k
below the carrier frequency, extending from 7 to 4 kHz to 720 kHz=. Ai ’.fmm Hz above to 8 kHz

2ry5x 10714 T 2xx107 x 45

);& Power Content in AM Wave

It may be observed from the expression of AM wave that the carrier component of the amplitude
modulated wave has the same amplitude as unmodulated carrier. In addition to carrier component,
the modulated wave consists of two sideband components. It means that the modulated wave contains
more power than the unmodulated carrier. However, since the amplitudes of two sidebands d!ﬂlml
upon the modulation index, it may be anticipated that the total power of the amplitude modulated
wave would depend upon the modulation index also. In this section, we shall find the power contents
of the carrier and the sidebands.

We know that the general expression of AM wave is given as
s(t) = A cos w_t + x(t) cos 1 -.{3.25)
The total power P of the AM wave is the sum of the carrier power P_and sideband power Y

Carrier Power . |
The carrier power P, is equal to the mean-square (ms) value of the carrier term A cos @ ie

P_ = mean square value of A cos ©/
n 2

. 1 a 9 _ A
P_ = [Acos wl]*= = !A cos” W L. di* =

-

..(8.26)

Sideband Power - i
The sideband power P, is equal to the mean square value of the sideband term x(f) cos w.t, i.e.

P, = mean square value of x(f) cos .1

2%
1 a0 2
P, = [x(f) cos mrtjzn H}[: (1) cos™ o2 dt

- 2 .t) 22 (0) dt
P"_EI [Ema ml.].: ()
0
2:1 ih
= AFS =3 — | x*(t)cos 2 2 dt
or P‘_nllax(lldt-rﬂllj;

* Since period of the signal A cos 8,1 is 2%




wuit tuned to carrier F""‘l“li'nw 4
1 , "

- «(3.28)
S ributions of the upper ang low

i .i‘dg];m.ndﬁ will be "

-(3.29)

3 of the carrier power P_and sidebang

«(3.30)

«(3.31)

d mﬂ' 1! the power carried by the
nsmission point of view because

e Pn is transmitted alongwith
nce, P, is the only useful message
oressed by a term known as

ed as the per centage of total power

(3.32)

Power of a Single-Tone Amplitude .- .

Mﬁdg 3.6, we have found the power con

gignal and may consist of several &e;::tn;i Ethnm;m: s Tik
Mﬂ-ﬂ)ﬂﬂ Amplitude Modulated (AM) signal. S
Let us consider that a carrier signal A cos ¢ is amplitude-modulated |
ﬂ@alx(t} =V, cosw, L. ' e
Then the un.modulated or carrier power _
P, = mean square (ms value) =y
—_— 42
P, = (Acoswt)® = —

The sideband power P_= &

2 xz'“) =_;'(Vm mﬂmﬂﬂ

AV A
T 41””‘ "
We know that the total modulated power P, is the sumof P,and P,
Therefore ) T
4% 1 NPt
PI!=P +P—"§'-+I'Vl -1_ il

Aﬁ v 2
Vi _ Maximum baseband amplitude _
But A ~  Maximum carrier amplitude "'n;:_: e
= modulation index for AM q'-""-:"'_..

z
Py [irp ]

_ﬂm — = P_=carrier power
4 2
P] == ‘P:[I'.'&*]

,“ 3.2. A 400 wnmmhrismoanh&
L nplity mmmdmmmmm




i : e

— . ' o ]h.' TP .
24 | gxample 8.4, The antenna curront of nn AM transxmitter et

1% {nereases to 8.3 A, ifthe carvier is modulated b sy
O i of power if 4008 : (U.P, Tuch. Sem., Exam,, :
e .g_.xﬂm power “"“d“htlnn - Solution: () The current relation ﬁwadngla.mampum uie - s 15 ek iid B

'f:,"pw- ma
,f,:;r [+_é1

where 1, = towal or modulated current B

ol I = carrier or unmodulated eurrent _ =
m, = modulation index il

Using equation (1), we get :

I 2
'jL = 11420
L, 2
g
! m-
ecl = -tk
ar Lﬂ-] 1+ 2
2 2
My owfde) 2
or ) [Ir 1
Y
or ms =2 {—‘-] -1
I
a4
fid . T. [ I' 4
namitter current than the power. ly or m, = |2 [-I'L] -1
the values of unmodulated and modulated ¢

Putting all the given values, we have

( 't and /, be the r.m.s, value of the : 0
e the antenna resistance through whik m, = Jﬂ (i:_ﬂ] n l] 2 JE[{L'ILEI' _1]

F 'ki---

m, = (3246~ 1) = J0.493 =0.701 = 70.1%.

 HarE
(B.86) | - k) #:J |
(i) Bince II = L1 -l*—!l' 4 ¥ I nd
b -_ ) _I_ K
~ Here, I.=8A and m, =08 - neipint f"ﬂ‘ =N i e

1‘ 0.8 -1l- L S
.[‘I«EK .l+-—i—- =841+ o i ) ‘i? i
i i Ir T ™ i~ ::- =
N AuPERELE A
RN 2.
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‘"(3—39]

{340

(3.4

(3.43)

A3

- ~.,,, ln'-

==

Now putting the value of P_and P, in equation {ﬁ;ﬂ} ﬂﬂ

A2
P,=P.% .F'-a—+—deﬂ*[,.,r.l +mg® +mg)

Az
or i ="§'[1+-Un1 +mg’ 4 my 1] {14-
2 2
o P, = P¢[1+"”—+."1L+Ef.]
R

This expression may be extended upto to n-modulating terms i.e.

3.10.1. Total or Net Modulation Index for Multiple-Tone M jon
Let us consider thal m, is the total or net modulation mdm h ult -.- -t
We know that for a multiple-tone modulation, the total power i&

p P[HEL vl +ﬂf-}

.-"'T-‘ y _.‘.

2

where m,, m, .... m, are the mudulaunn indexes for different m
The power for AM wave is also expressed as

PI - Pz[lﬂl‘ﬁz—]

Comparing equations (3.46) and (3.47), we get
m2 =m2+m?2+mg?+ . tm?

"*_f :

or -er1 +my” PO

This is the desmad expramunforthewmmmtmﬁﬂmm _ e
Mu.mmw“mwsnm yower when the ca
and 10.125 K watts when the carrier is sinusoidally ms el -
per centag of modulation. Now, if another sine wave, corresp
is transmitted simultaneously, thuﬁhﬂhhﬁa%l
Bﬁﬁﬁw{ﬂﬁ&kn&wthatm!nmnﬁl&mm

B ——



; |
]
~ Given that m, =04 %
S Wl — — Jp95+0.16 = 0.41 =0.64
Y hwmbﬁﬁw be

ﬁj-n-P_{H»%J’“[H - J

P, =9(1+0203)= 1034 kW Ans.

mmwhﬁtnMM amplitude modulated (AM) wave is known as Amplityg,
mm&mmm be broadly classified as follow:
(b Low-level AM Modulation

8.1L1 Low Level Amplitude Modulation

Figure 3.5(a) shows the block diugram of a oy
amplitude modulation systen -"_,_"?;ngmfulﬁm U s
AssOclated with m gy erlevel. 'At low power levels, a very
. There ,, _mnd"_'l“hng E{lgnal. Because of this, the
4 output Jeve m m“ iu, 'smr?qmmdtobonst the amplitude-
. After this, the an diagr ;m in figure 3.5(a), it is clear that
' Il!ili;u_ m”dﬂaifed signal (i.e. a signal
85 = 4 I'P“’“’r _ﬂmpllfier.A wideband power
T l::ri signal. Amplitude modulated
talled low-leve] amplitude modulation

By

\/ Antenna

® AMPLUTUDE (LINEAR) MODULATION =

3.11.2. High Level Amplitude Modulation

Figure 3.5(h) shows the block diagram of a hi ~ = r.
modulation system, the modulation is danghnieﬁimzzf‘]‘h“;‘“ system. In a high-level
iodulation at these high power levels, the baseband signale::dw to PrOCUDS. S
Sower levels. In block diagram of figure 3.5(b) the modulating T et
- igbad amplified 1and lthen ﬂ_pplied to AM high-level modulator. For modulating si i
band power amplifier is required just to preserve all the frequpnm.; com ts siguats g
gignal. On the other hand, for carrier signal, the narrow hand pﬁwar mp:mt _-'l-ﬁ m " : . B

fixed-frequency signal. The collector modulation method is the example of high-level modt

Baseband or
modulting

isa

Wideband o .

Signal source
Power o
amplifier v Y L
High Level
AM modulator
RF Carrier Narrowband l
Oscillator "1 power amplifier

Fig. 8.5. (b) Block diagram for high level AM Modulation.

Before we discuss low level and high level modulation methods in detail, we shall establish the
fact that a non-linear resistance of a non-linear device can be made to produce Amplitude Modulation

when two different frequencies are passed together through it.

3.11.3. Non-linear resistance or Non-linear Circuits
We know that the relationship between voltage and current in a linear

e

as
i = bv

where
v = voltage across the linear resistance
i = current through linear resistance
and b = any constant of proportionality
If equation (3.49) is applied to a resistor. then constant b1s clearly its

conductance.

Also, if equation (3.49) is applied to the linear portion of the transistor
characteristic then i is the collector current and v is the voltage applied to
the base.

As more general, equation

i=a+bv
where a is the d.c. component of the current.

(3.49), may he written as

ce. For & non-linear

Now. let us consider a non-linear resistance. TOX .
registance the current-voltage ¢ will be non-linear as shown
in figure 3.7. .

The non-linear relationship between voltage and current may be



o s treated as a non-ling,
» ote. exhibit non-linear charge

¥ Pegjgy
te t‘iﬁt_it 8

jurent £0 the input voltage of 5 ,

g . ',_:T':‘;"--' characteristics of a FET th
s : En

(3.5

al having different frequent:ies. then

12 sin? pt+2V, V; sin ot sin py)

[3,;]2

B ang

~ whereaq, b, and ¢ are constants
% R

O =

" AMPLITUDE (LINEAR) MODULATION =

In a practical modulation circuit, the

frequencies are rejected with the help of a tuned cipeuit

3.11.4. Square Law Diode Modulation e
Square law diode modulation circuit make yge 1 |
of nonlinear current-voltage characteristies of diode* 2 L =iy
This method is suited at low voltage levels because E / -
=
2
a

—

T = R

frequencies other than the carrier ='=-:'.'-"

of the fact that current-voltage chara-cteristic of a
diode is highly nonlinear particularly in the low
voltage region as shown in figure 3.8,

Figure 3.9 shows the circuit of square law diode
modulation. 0 =

It may be observed from the figure 3.9, that
carrier and modulating signals are applied across
the diode. A d.c. battery V__is connected across the
diode to get a fixed operating point on the v—i characteristics of diode
may be explained by considering '
the fact when two different ' T ¥ Diode

P
e R

frequencies are passed through a

5 Vi + :
non-linear device, the process of 3 Ohiaes

amplitude modulation takes place. "¢ signal (modulating L
Hence, when carrier and ~ signal) ‘-
modulating frequencies are b Uy =

applied at the input of diode, then i
different frequency terms appear Vee

at the output of diode. These S— P
different frequency terms are TN Square | el

applied across a tuned circuit which is tuned to the carrier frequency and has a
just to pass two sidebands alongwith the carrier and reject other frequencies.
of tuned circuit, carrier and two sidebands are obtained i.e., Amplitude Mod
procuced. I
Mathematical Analysis
Let us consider that carrier voltage is expressed as
v, = V_cos @f
where ,_ is the carrier frequency.
Let the modulating voltage be expressed as
v, =V, cos @t
- where w,, is the modulating frequency. At
The total a.c. voltage across the diode is given as NS .
I I 4
v, = V, cos ﬂl-‘ + vumﬂh' s
The non-linear relationship between voltage and current for
s i =atby 4

el

.; E: My
= .i‘.,;‘i' i . : 1" =y '. -' ¥ .



_:-1 — % ion (3.69), we got *
B e 00 v o
S et Ve

#0042V,

c¥'m COS () ¢ oo
2

wﬂ ;@ ﬂmt+2'.‘r; o
| .uﬁ-“‘ﬂr}iw'_ ot + €V 05 Om e.VeV,, cos gy o8
By
I y2(cos® o)
s, cosingt+ 3 Ve il
-i-% an’ '[fh'ﬂ‘:*ﬁ':""mt:II - H':" Ffﬂ (2 cos @.¢ cog W ¢
™ |

;II.1 :- 1
' 1 yia+estod g
g ar i::ri-ﬁﬂﬂﬂ-""'b?-m%”'g et e
| cvﬂ!u. +m’ mmﬂ""fvt VM [EDB (E}C - (ﬂm_] t+ cos fn‘.n ~ )t
! ¢ Tmi
1 1
9 =ﬂ*.5ﬂj!ﬁ#*ivlm'“!+§ EVEE + '2" ﬂv’;! Cﬂﬁziﬂft +
% tV-.’*';' c'l-".l pos 2 @, + cV.V,, cos (0 Fo )t +cV .V  cos (@,~ 0
.__[ et Lovtlsw B £+}-V 1 12 \
ar 1= ﬂ'i-if‘: *I"i'ﬂ' " +H{,maj+5 .mmm 2:’.‘ ‘-‘mEmf'r+§CVm cos 2a), ¢
o @ @) (4) }
+eV ¥ eos (@F0 N +cV. V, cos (@, - )t . (34
. (5) (6)
Equation (3.60), consists of six terms in all as follow:
term (1) is the d.c. term
term (2) is the carrier signal
term (3) is the modulating signal
term (4) consists of harmonics of carriar an e
SR o b i and modulating signals
term () ooy
.:.sﬁ';,mmmﬁ‘f‘"- in the diode modulation cireuit. ¢
S m;;w"rm&h the l?ﬂd ‘iIII]JEdance is a tuned cireut
Whﬁ ‘dmﬂm %%m&tm ned circuit responds to a narrowband of
components are utpat terms of frequency u., (¢ frequency components which are actually
) € rejected by the o, (,+ @ )and (
Therefore, the required w? € S/ RGO, ~ @, ). The rest of the frequency
=V e T Output current will e
or e > ‘#*ﬁﬂ;l’m&‘*
P = OV, ol g e 008 (0 = 0, )
=YV s 49,0y v '?"fiﬁ“ﬂ"’“ﬂ{m o )i]
A DO
where m_ = 2V e m =%
e S i T 360
current. : . mm (
: Ry m-hﬂ“’ required expression for AM

. . AMPLITUDE (LINEAR) MODULATION =
3.12. Collector Modulation Method

(Collector modulation method 18 a very o . = T

o it dium'}m} _ﬁf RNl l-“n{hl;iu::l.ll-"lj!':u::::t }i?:é[u:—ll’d for k:;'*J'«-! gen_emttun, Figure 310 illust " et
(RF) class- C famphlu-l'. At the base of T, the L_“”h_r-s-i ':::itr e transistor T'; makes n radio
used for hiasing purpose. Also, the transistor T I"I‘.I'I.ktfi ;E appLad. ‘{u makes the collectar spr v .
the audio or modulating signal. The baseband % f;md;_ﬂ?,f‘ ass-B o nplifier which is used to amphif el
(ransformer after amplification. This amplified huﬁ“hqn;n'sz signal appears across the modulation .
with the collector su‘pp]_v‘ V_.. The funetion of the uﬂ]}#L:itur E:'_m"du]atmg ﬁﬁﬂ““l Appears in senes
high-frequency carrier signal and bence the carrier signal ; 15 to offer low impedance path for the T
modulation tra nsformer. signal 1s prevented from flowing through the .

+ V.. (Power supply)

R
1 &
Care 1.
Arrier o—— R, Modulated
gignal T T output
¥
n%
R i Cﬁ;
=
z/Mn-duhmnn transformer
Baseband T : :
signal : ! I
i i
S| S |
J o+ V,,
Fig. 3.10. [llustration of collector modulation method.
Operating Principle
It is a known fact that in a class-C amplifier, the magnitude of the output voltage is a definite

fraction of or at the most equal to the supply voltage V. In addition to this, a hnear relationship
exists between the output tank current 7, and the variable supply Voltage V. (i.e, here we have

assumed that the supply voltage V__ is a varying quantity and its varying value is dencted by VK
This means that in class-C amplifier, the outpul valtage will be an exact repliea of the mm _
waveform and the magnitude of the output voltage will be HFFW“WI-" equal to ""“m“@- . :_‘,

voltage V.
Now if R is the resistance of the output tank circuat o
ey ' -~

output voltage is given as

RL=V, =
Therefore, the unmodulated carvier is amplified by class-C modulated amplifier using tral
T, and its magnitude will remain constant at V,_ sinee there appears no voltage across &
transformer in the absence of baseband or modulating voltage. ikl
But now if a baseband or modulating voltage Uy, = V,, cos @,,¢ appears acrons tHE FHEC _'
transformer. this signal will be added to the carmer supply voltage V... This results in &4




Falon _- tion in carrier supply Vﬂltﬁg;:\‘ m AMPLITUDE (3 2
’“m“t of the modulated class-C q n‘ir.ll.if'1E:=_inﬁmlI (i) Square-Law detectors -
F 4 (#1) Envelope detectors

AM signal with large carrier are detected by usi y
yses the circuit which extracts the envelope of Erh‘:“;lﬁ ::::vin;ﬂm detector. The envelog
the ba_seband or modulating mg:nal_‘ But a low-level Emplitud- act, the ﬂl!!.?!lﬂpe of the A AF o
by using square-law detectors in which a device ¢ oy mUduht?d signal can only be de ected

| Jperating in the non-linear region is w 'I-,.-I- Frove <

; the modulating signal. .
| 3.13.1. Square-Law Detector (U.P. Tech ¥ ' :
| 7 fhe square law detector circuit is used f _ (U.P. Tech. Sem., Exam., 2003-04) (05 marks) N
‘ pelow 1 volt) so that the operatin e HEteuiye .mndm“t*d signal of small e
e i i g region may be restricted . magnitude (i.e,
| iamgtﬂl:;ﬁt;ﬂ i d‘:"'lﬂed. Figure 3.12 shows to the non-linear portion of the
| e circult of a square-law etector.* It may be ' ,.l . - =
i‘ ohserved that the circuit is very similar to the  + RSO & N ‘-
| square-law modulator. The only difference lies " C Detected output -5
i in the filter circuit. In a square law modulator, =~ ' R (Modulating signal)
AT : the filter used is a bandpass filter whereas in a IF"'-"'
r square law detector, a low-pass filter is used. B = .
. - “dh:u t];etc;cu;t* tge de supply voltage V, is Fig.8.12. Basic circuit of square law diode detector.
AL T i _ s S : ) u et the fixed operating point in th X : - '
It may be ; : : L T e non-linear port ] e i r
modulating MMﬂiﬁW gRGs gt voltage is identical with the baseband o the operation is limited to the non-linear region of th dmd ‘b af the diods V[ GHATECEEE SR
1odulat g voltage and hence an AM signal is generated. : . e diode characteristics, the lower half-portion
| g ; the modulated waveform is compressed. This prod 1 ‘od distorti e
Wi S : average value of the diode-current i ol produces envelope applied distortion. Dus to this, the
mm%ﬁ?mm V. may be expressed as I figure 3.13 is no longer constant, rather it varies with time as shown in
o =V _+1 X '
R |
ar V=V +V, o | Anode
] . , t e cos @t { Anod
me&mmw%m%mmnb, (369 | R current
AR Y S ' : (v-i) uharfcteri
B MaEximum m : - stic
AAXT = o} A
| Operating— AT At T
I point ¢ ; = ;_1?_‘-
369 | r‘LT , SR -
: ] : i ':f‘"
..-{3.6’41 i : 0 s i = q-l.-‘:
1 ] e
|[ : | p=A [.I.'-l-m.;:u; ﬂﬂllm “r‘t -‘&
i -
4 I. ) : -3
(385 ‘ ,
: :
| N |
I
SO _ i I S
£ tection are called dompgy ﬁiﬂ modulated signal is call® v
Al g J s et + €8 used for dﬂmodl.dlﬂﬂ“w
tion, detectors or demoduls’™
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: ¥ we Ay the presence of terms of ¢
3 . observe p ms of fy 1.+qu,,m~i+3

:_-_-_ _ I - 'mmy t,grmg_
R iy ] these frequency terms is passed through 4 |,
T frequencies below or upto mpdulahil:g &;quzn(.}, ®,, and rej{ﬂ:}m}ﬂ
oo B R~ Whianl modulating or baseband signal with, ¢ S the
: pich v comp : mﬂﬂ ting g with tr@qumm

' i & linear region of its V-I characteristics cqy, i
; i

P ; , el iy
 Ivis & known fact that o diode operating 1n

ﬂﬁuk ﬂ“ mﬁ;". mw‘wiﬂm as envelope detector or a “WEH}
detector. Envelope detector is most Diode

since it is very simple nnd 15 not expensive, - %
‘bmmm h,, e .ﬁ: == : &= R Detected outpuy
performance for the mmz‘::m T : T (modulating S1gngl)
i Ii-. el i II..'.-' P e B s —
,-,m,-um I'ﬂ“_ml' I“‘m Tuned transformer

portion of the circuit, the tuned BgE8IL A linear diode detector

& Ifchen v iﬁ%ﬂh“m&mﬂen@ R-C network is the time-constant
opera Ilhll mlllwhu;ﬂlmh_ W E;Hahﬁmpﬂt nfthe detector is 1 volt or more, the
.uilpulmu[ Yoo M_. by of the hﬂh&mntanstma of diode. Figure 3.15 shows the

L e nput voltage and output current waveforms.

W:n::m here &!ﬂw @-the Girewt. In this case, the detector
creuit. Fww&mﬁuw SUre .15, Now let ys oy : Waveform would be a half-rectified
of the carrier vytyge, mhﬂhmm that the eapacitor is introduced in the
; ’;ﬂ'ﬂrl% alf-ovale 'mm?nmf’rmch&rged to the peak value

L CRTEr voltaen is dic YHE 1S Téverse-biased and does not

T from the R-C eircuit, Therefore
ross i} '@mﬂmmmut = RC. If the time:

ey "':"'_":' th Ii;;‘.;};m not fall appreciably during

* Ve of the carpicr Ve cyele appears. This positive

e ¢ Voltage and thus this process

 Eelone ting or baseband signal. This

Sy the modulated carrier signal
R of the capacitor (.

*Aseband signal. We can reduce

tge 50 that the capacitor €

t; HCEs another problem know?

= £, I:: n wﬂ ].im.i[. ThErEfurE'

® AMPLITUDE (LINEAR) MODULATION =
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Current
A :
| I
-l - - - - -
I L]
sl i hai e gt
u, i L 1 [ § s
—* - C e
oy ) (Y : _:::,n: 0 v amplitude Demoduluted or RS
P = | ¢ "“-“m‘ﬂdm‘ﬂm e
‘T =% 1 N A o
g i Amplitude TN 4
1{_: : . modulated
§ — T (AM) signal
oo IR SR R T 1

(a) Characteristics of linear diode detector (b) Detected output

Fig. 3.15,
3.14. Double Sideband Suppressed Carrier (DSB-SC) System

The equation of AM wave in its simplest form i.e., single-tone modulation, is expressed as

--43.68)

m
s(t) = Acosw,t + A,?ﬂ«tﬂﬂ. (w, + wy, )t + A.%ma (w, — Wy )t

From this equation, it is obvious that the carrier component in AM wave remains constant in
means that the carrier of amplitude modulated wave does not convey

amplitude and frequency. This
leulation of AM signal, it has been observed that for single-tone

any information. In power ca
2
. . = m ' i
sinsusoidal modulation, the ratio of the total power to the carrier power is [1 + —;-] m , being the
uired for

modulation index. Thus for 100% modulation about 67% of the total power is req mitt
information. Hence, if the carrier is suppressed, only the

the carrier which does not contain any ; | :
sidebands remain and in this way a saving of two-third power may be uhf.watint 100% modulation,
This type of suppression of carrier does not affect the baseband aignn.l in any way. "Hllr eiting
signal obtained by suppressing the carrier from the modulated wave is called D sideband

suppressed carrier (DSB-5C) system. _ 0 S
Thus, in a double-sideband suppressed carrier modulation there is no carrier signal only sidebands 3

are present. B =
We know that the frequency-shifting property of Fourier transform is given as
If x(t) e— X(w)
then elet x(t) e— X(w—w)

~ This property states the if a signal x(t) is m

X(w) in frequency-domain is shifted by an amount .
Similarly,

ultiplied by o in time-domain then ite

IRl e B coaliy et
 But, since ¢/ is not a real function and cannot be Em”d e 1 e
shifting in practice is achieved by multiplying () by a sinusoid such ke )
Hence, x(t)cosw,t = ﬂll-%fﬁ“" +e ) ' LR
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am of modulated signa|
i s. However, we know
8 ig called Double-S;

Bnal, th &1
dﬁjg-n]

e

f'ﬁ‘h{ h "‘Q‘f y 4 2
S leudes R

anstorm, carrier signal and its Fourier

.".‘“hibi“' phase-reversal at zero
B h@ause of this, the envelope
: HSII-‘IL This is unlike the case

are mwh.lchmeansth&tthe
sideband terme, USB and LSB are
' i-aB“SC) system.

‘a product modulator. In this section, we shall discuss two types of

_:_"' m
_Fﬂmwthatamlimarmmau -ﬁm

@815, Generation of DSB-SC Signal

The expression for DSB-SC signal is given as
s(t) = x(t) cos w,t
where x(t) = Baseband signal
cos w,t = Carrier signal
From this expression, wemthataBSB-SCmgmlmbamﬂyﬂa

baseband signal and the carrier signal. Unfurmnatalmam lec
DSB-SC signal. As discussed earlier, a circuit to achieve the

Balanced Modulator and the Ring Modulator.
1. The Balanced Modulator

i.e., one carrier and two
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B daceoss o non-linear deviceand iis the o,
Ll NP t

Bandpass filter
centred al £ w,

!

_'___F

s [ = e |

e

w(3.74)
+(3.75)

..(8.76)

«(3.77)

———
Abandpass. filter is that type of filter which !“:B\'m to m
filter is centred around + w_, it will pass a mrruwband

b':;anl pandwidth of 2 w_ to preserve the sidebands,
Therefore, the output uf BPF centred around & 1, is given by

= %Rﬂlicuﬂ WJ-Kﬂf}mm,r
which is the expression fnr a DSB-SC signal

3.15.2. Ring Modulator
. Ring modulator 1s another product modulator, which is used to g

3.19 shows the circuit diagram of a ring modulator. In a ring
Ectﬂd in the form of a ring in which all four diodes pouint in the same
m are controlled by a square wave carrier signal cf) of frequency f‘ ¥

uppad transformer.
In case, when diodes are ideal and tranafnrmar are parfﬂﬂth w

are switched on if the carrier signal is positive whereas the two inner di
and thus presenting very high impedance as shown in figure 3 20(a). m
modulator multiplies the modulating signal x(1) by +1.

Modulating or
baseband signal

Now, in case when carrier engnal is negative, the situation b
3.20(b). In this case, the modulator multiplies the modulating #




ids around each of the odd
/e have assumed that the
d sideband around the

P
St

AN T

Fig. 8.22. Spectrum of the DSB. -SC output of the ring modulator.

- Demodulation of DSB-SC Signals_

The DSB-SC signal may be demodulated by following two methods:
(] Synchronous detection method

{ip Using envelope detector after carrier reinsertion.

3.16.1. Synchronous Detection Method

We know that the DSB-SC system is used at the transmitter end to Mtﬁi
[hm.-mg maximum frequency w, ) to a higher carrier frequency =w,. Now, this m
signal is transmitted from the transnuﬂ:er and it reaches thermwrthraugha- ran
At the receiver end, the original modulating signal x(t) is recovered from the m
signal. This can be achieved by simply retranslating the baseband or moi
higher spectrum, centered at +w,, to the original spectrum. This process uﬁ
demodulation or detection. Hem:e the original or baseband signal is recover
signal by the detection process.

A method of DSB-SC detection is known as synchronous m
block diagram of synchronous detection method.

e cos w,
Receiving I!‘ocallygensmmd

Antenna (carrier signal) _
| Multiptor [“——sf | 1 F®
x(f) cos w i = x(t) cos w it :
(modulated or
DSB-SC signal)
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rdula ng signal (0tow, )is
en this signal i.e., X{t) coe
Y w,,, the originai baseband
.r.' ﬁe md wﬁ }:“‘wmmld

: @ﬂﬁt}m recovered from the DSB-SC signal

.  for DSB-SC requires a local oscillator
o Benerated carrier signal and the carrier
i that the local oscillator signal must
ﬁt' transmitter, both in frequency and

n,-_ clore, E'.his method of recovery is called
d&manta of the synchronous detection
" s 't.hat the locally generated carrieris
T rercomplex and costly.

.......

isby inserting a carrier gEBEﬂ‘“’d |
f@ﬁhase and the frequency of the
the transmitter end in order
of same frequency and phase "
‘wave. Now, this AM wave "
YUency errors will result in simi¥

jame
o

. * AMPLITUDE (LINEAR) MODULATION =
Let us consider that the received D
s(t) = elt) - x(1)
o 8(t) = A cos (2nf.t) x(t)
Let us assume A = 1 in equation (3.84), The
8(t) = cos (2nf 1) x(1)
The inserted carrier at the receiver will he
¢'(t) = A cos (2rf t + )
where ¢ = amount of phase discrepancy,
Then the resulting signal will be
r(t) = s(t) + re-inserted carrier at the receiver
oy r(t) = s(t) + /(1
Substituting equations (3.84) and (3.85) in equation (3.86), we get

r(t) = s(t) + ct) = cos (2nef Ox(t) + A cos (2rf .t + ¢)

SB-SC signal is expressed by

n equation (3.84) can be written a8

or r(t) = x(t) cos (2nft) + A cos (2xf.t) cos ¢ ~ A sin (2nf 1) sin & e
or r(t) = [x(t) + A cos ¢] cos (2nf t) — (A sin ¢) sin (2nf.0) T ;
or r(t) = e(t) cos|(2nf.t) + 6(1))] .ﬂ‘-ﬁ .
where e(t) = J[A +2(0)F -24 x2(t)[1-cos¢]

a(t) = =X -_% ?'
e Qs L{:]+Acaa¢] i
Now, from the expression

r(t) = e(t) {cos [(2nf2) + B(t)]}
it may be observed that e(t) is the envelope of the resulting signal r(¢). .’

Also, if we take ¢ = 0, then envelope will be given hy

e(t) = A + x(t) - iEA

Hence, modulating signal x(f) can be recovered from r(t) using an envelope detector. e tl '_

r(t) is basically a conventional AM wave given by TS
r(t) = [A + x(1)] cos 2x [ ¢

This is however possible only when [A + x(£)] > 0 for all values of £.

It is possible only when the modulation index m is less than unity.

If ¢ = 0, then the phase error exists between the two carriers. It is given as
¢ 1

2
e(t) = .4{” 2 ma¢+{%ﬂ} r

If A>> |x(t)], then, we have ,
e(t) = A + x(t) cos & o Euuh i .
i 1 ill thus be x(f) cos 9. 1f ¢ = U and there 15 & BHIEEEE
Af ﬂaﬁﬁﬁﬁ%ﬁiﬁm envelope of the resulling si§ 4 s
P e L
Theé envelope can be detected by an envelope detector buk Aere G
coherent detection. _

L
=
=

[




—

""\\\-
(QAM) —
The multiplexed signal s(t) from QAM transms: . :
= a " »
herent detectors that are supplied with £ nsmitter is applied simultaneously to twe

wWo l fs e ':
in phase by 90°. The output of one detectoy : ocal carriers of the same frequency, but differs .

= AMPLITUDE (LINEAR) MODULATION =

g - .

F Definition called ww""’“iii‘t’ﬁiﬂi‘i’émi?ﬁﬁi;i*“* Oduly S U2 Ax(t), wh

TR ol s alspcalled QW « to peCUPY SMISs10n bangy,: ., oy : b Peh e 1), whereas the output deter
 Thismodulation w# . Jated signals to 0ccUP B St ihe recoive, ::r:ith i w12 :: }:ﬁ{ge};ﬂ; ;i‘:zfeﬂif:ggéﬁpranon of the coherent detector. it is aamwﬁalu:nmmglw P
5 = = m "t e ) ) 1D 1 x - M. — 4
T g for ﬁw# tion scheme- g puase b between the oscillators used in the QAM transmitter and raceivee

| - : arts of the system. The Quadrature A : : -
. Pl dwidth-C05 adrature Amplitude Mnf:lulatmn (QAM) 4, fgleviaiun (CTV). re Amplitude Modulation (QAM) finds application in colbws |
Figure 8,25 shows 8 llll::"“ in figure 8.26(a) and gﬁM rezewez has beep sh.';,:mm |
e en shown . i ' =
The QAM transmister hiak Be8 SPRRP L o o separate balancec modulators (gyy) T 318, Effect of Phase Freq f
Mfmmm“;m waves of the same frequency hutddﬁermg . Dhaxely ‘}il:v o % . d earlier, the f - uency Errors in Synchronous Detection
are with two carmier WEES= s aad in the adder an transmitted. The tr e As discussed earlier, the irequency and phase of the local st & . & UL i
output of ﬁlmwmm added Tansmitye method at the receiver end, must be identical to the tmnsmitte?lﬁrf;r;;;ﬁz:yﬁﬂmﬂ dm )
signal is thus given l’lr Aoos (B L 504 sin (2xf.0) in Erequefli:y or phslise produces a d.mmrtiun in the detected output at the receiver end. '
iﬂ:’lm : in GF.) In this subsection, let us examine the nature of distortion produced by a frequency or phase
& sty = A x,(0) cos (251 f) + Axy(t) s1D & (3.9 discrepancy. M o
: . ant mes i lied to the prod : For this, let us assu hat th - : . Gty
where, 2. () and % mﬁmmmm sapp 1€ product modu]yt or this, 1 sume that the modulated signal reaching the receiver is denoted as x(f) co
Both x, (1) I:?dl,ﬂ] m'wW-EMHW“f. Sf< [ then 5(t) will Occupy a handn'i{c.lrt; . Co’f‘sldermg« a locally generated signal with frequency and phase error equal to Mﬂm
of 2/, This bandwidth 3/, is centred at the carrier frequency /., where [, is the bandwigg}, ot respectively, the product of the two signals in the synchronous detector provides
message signal x,(6) or x,(0). | ey(t) = x(t) cos wt. cos [(0, + Aw) ¢ + 9]
— .
> Multiplexed or e (t) = 3 x(t) {cos [(Am) ¢ + 6]+ cos [(2m.L+ Aw)t + 8]} .(3.99)
signal s(1)

Now, when this signal is allowed to pass through a low-pass filter (LPF) having a cut-off
frequency ®_, the terms centered around + 2w, are filtered out and the filter output is given as

eq(l) = ]:; x(t) cos [(Aw)i + o] ..(3.94)
The baseband signal x(t) is multiplied by a slow-time varying function
cos[(Aw) t + ¢] which distorts the message signal x(1).

Now, let us consider the following special cases: 5
(i) When the frequency error Am and phase error ¢ are both zero, then last mw ,

! S

1 l,i r-
3Ax( < . | TR
e This means that there is no distortion in the detected output signal. o . 3
(i) When there is only the phase error L.e., o
Aw =0 but ¢=0
In this case, equation (3.94) gives
| e(t) = -%r{!l cos ¢
e 1 This shows that the output signal is multiplied by cos @ When gy~
P g 4% ' no distortion, rather, there is only attenuation. The output will be g
: minimum when ¢ = 90°. But, in g_m?rnl ¢ randomly varies W ithr w, S act et
Bt as . | variation of propagation media (i.e.. iono sphere). This causes UndesIEatiE ™ _
. diiation ( g output, ’ .
eain " (RAM) system | etk
It may be noted thatthem““’“‘“m'- usdrature

8B Lomponan: ~ Bull effect since the signal is zero when the local carrie
- SRERent 4 x (1) and the quadratur® Cirrier sional



t and produces distortion in th
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FrOT muygg p,

- fﬁﬂﬂmte‘i nutput signal. A]S'ﬂ, in this case th
: ..nﬂth& frequency error produces distortiop in‘ th:

output signal at the receiver end,

19, Carrier Acquisition in DSB-SC System or Synchronization
As discussed in the last subsection. the phase and the frequency of the locally generated carrie;
signal in synchronous detector is very critieal, Precision phase and frequency control of the local

carrier requires an expensive and a complex circuitry at the receiver end. Some im
i techniques are given as under: portant

;:ﬁm-m tran:lmitted alongwith the modulated
I 0F carrier signal is called pilot carrier. This
%Wﬁlter. 1s amplified, and is used to phage
: Rt tho reo ‘ml:hgaelochng provides synchronization.
eris tranamitted tlongwitk the DSB-SC signal is also referred to
I 8Ys dis F-nuf:tatnlly suppressed. The processin

e oams o Slgnalis known as amplitude modulation.

&8 the reception system. The DSB-SC

is fed with a locally generated carrier
18 detector circuit is called inphase
oremploys a local carrier which isin
8d Quadrature phase coherent

. 4'€ a negative feedback system
Tkl carrier signal

-

onized with the transmitted
in ¢ = 0) because of ¢
drifts slightly /€. 9 1% ¢
#d, but Q-channel outp"!

= mmm -
how is not a zero, rather some signal wo
Thus, the output of the Q-channel,
(i) is proportional to ¢ (since sin ¢ = ¢ for small o)
(i) would have a polarity same as the I-channel for one direction of phase s

——

uld appear at its output and is pro |
%, .

whereas, the polarity would be opposite to l-channel for -
I-channel
N i e e 3
Produet 1 | Low Pasa | 1/2 x(t) cos &'
bRt or Filter (LPF) :

I
Imﬁhurr'&ﬂ R e

l < VCo
-— 4
x(1) cos vl 90° phase
| shift
| sin (ot + ) Q-channel
) e et s i 1
Product ' | Low Pase | V2x(0)siné,
Modulator | | Filter (LPF) 1
]
1 T T - —

Fig. 3.26. A Costa's receiver.

The phase discriminator provides a d.c. control signal which may be used to correct lots
oscillator phase error. The local oscillator is a voltage controlled oscillator (VCO). Its frequency
may be adjusted by an error control d.c. signal. =5
Limitation _ R, i ’ O

The costa’s receiver cases phase control when there is no modulation i.e., x() = 0. The phase
control reestablishes itself on the reappearance of modulation. However, the reestabhishment is

| so fast that distortion is not perceptible in case of voice communication. 3
| (iii) Squaring Loop ) s =R
. In this method, the received signal is squared by a squaring circuit as show
The output of the squarer will be given as }
r [A. x(t) cos @ t]* = A% ¥*(t) cos™ Ot =) s o 1 ?
| For simplicity let us assume that x(f) is a single tone sinusoid denoted as ¢ : E——
x(t) = cos W, ! e =
then the output of the squarer becomes | : .
[A cos @,t. cos @, f]* = A? cos? @t cos® Ot
_ . |
- | = -ﬁ—{l-}mﬁﬂ%lﬂﬂﬂiwi
= £[1+mﬂﬁl,t+mﬁ2ﬂﬂ+ﬂw;#m . .'Li'. :
4 ; ng n.'}':"-'-*-i. T oe i @ :
- Theterm cos 2 @ can be obtained by using a DAFFOT L L0
T £ 2a_is kept constant by tracking Mhﬂmﬁm Sk
~ feedback technique to praviﬂoﬂm =
i - lowpass filter of PLL as depicted in figure 255 ©2
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Both these equations (3.97) and ey f SSB-SC with upper sideband.
e ..(3.99)

) sign represented the upper sideband.

(3.100)

(3.101)

Tesponding cosine terms simply

In the expression of i | 80 o
_émw thuﬂ' .. ..1.I " " -‘I,I"' -r : Vi : -me ﬂaﬂ,ﬂ of ging]ﬂ'-tﬂﬂﬂ
il W :‘__;. v &asl ! wave.

Iwmm'

a— e, st ot o
As t
signals. b
Hence, expression in equation (3.99) may be
general modulating signal x(f) as expressed belows extended for a SSB-SC signal mex

$(hsgp = x(t) cos w t + (1) sin w ¢
where x,(t) is a signal obtained by shifting the X (3.102)
: e e s phase o L
Similar to equation (3.99), (+) sxgnaimneswndsmthi’lt;en mf;pﬂncn!pmm iu;ﬂ) (-x/2)
to the upper sideband. wer sideband and (-) sign corresponds

[

his point, it may be noted that (1) ma -
¥ h’['!' “‘p‘rﬁﬂmd ns a = - "
continuous sum

3.21. Hilbert Transform

It may be observed that the function xy(t) obtained b

: ¥ providing | P
component present in x(f), actually represents the P (~n/2) phase shift to every!

Hilbert transform of x(t). This means that x,

is the Hilbert transform of x(¢) defined as L

n() = ~xpyet -1 J () 4 |

. t mdt-x LA 108) _,.{1

Also, the inverse Hilbert transform is defined as i £
—_— [ (%) _

x(t) = I ey 3308

Example 3.7. Show that if every frequency component of a signal x(f) is shifted by an amount it ‘*Eq

x/2, then the resultant signal x,(¢) is the Hilbert transform of x(f). -3 y :1

Solution: The given situation may be considered ' o

as though the signal x(¢) is passed through a phase (1) Hw) r

shifting system having transfer function H(w) and “{"‘;‘“—" [ _x phase gw) -
the output is x;(t) as shown in figure 3.30. Alo 2

The characteristics of this system may be Fig. 880, A phase ,mm ol -

specified as under:

(i) The magnitude of the frequency components present in x(f) remains unchar
is passed through the system. This means that H(w) = 1, and

(if) The phase of the positive frequency M Hiw) f
components is shifted by -l;-. Now, since ,ﬂ.m_ i
the phase spectrum 6(w) has an odd ___ﬂiﬂ_l_ I i
symmetry, the phase of the negative
frequency components is shifted by + X The

spectrums H(w) and 8(w) have been ]ﬁuttad
~ in figure 3.31.
The transfer function is expressed as
Hw) = | Hw) | &

o Hiw) = 1.¢°w)
From figure 3.31, it may be observed that
s + X form<0 (i.e. negtive
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The concept of pre-envelope, also called gg th b o conath o SIS
eral expreseion of the BSB-SC sjgnal “‘“mﬁmmh quite u

gen The pre-envelope of a real-valued signal *(1) is defined as
Xplt) = x(t) + jux,(t) | G
where x,,(f) is the Hilbert transform of signal x(f). ¢ I alel
valued signal. The real part of x, () is x(1), and the mwmlr P 7
The complex conjugate of the pre-envelope denoted by x. () = ataeaes hert tr:
x,* = x(t) ~ o, (1) e e |

..-1 l:'l.:,;: ..
' . .-!;f_:'.. I e

e,
i-_ -1"..I .

) i'_'."'||

L e

e =
i ous se " ¢ already dervy an ex 2 SR TR R Ty ]
gwpfd?ng the concept of SSB-SC for a signal-tone I::nu-dul:ﬁ?i‘ln '.;':. synet iy
game expression (i.e., equation) by using the concept of pre-envelope or & .“m-'- prived g dm
As we know the pre-envelope of a function x(f) is defined as R
x,(8) = x(t) + jx, (1)
The Fourier transform of x,(1) is the sum of the
Fourier transforms of x(t) and x,(t) i.e.

F[x,(0] = F [x(1)] + jFlx,(0)]
or Xp{tﬂ} = X(w) + j [~ j X(w) sgn (w)]
= X(w) + X(w) sgn (0) ..(3.112)
We know that

: 1 for >0
sgn (0) = -1 for <0
Therefore, we have

~ 2X(w)for >0
Xp(m} L for w<0

’Fin\ua 3.32(a) and (b) show Xiw) and X (w)
respectively. It is obvious from figure 3.32(b) that X, (@)
vanishes for negative frequencies,
Similarly, we can find the Fourier transform of
wmﬂ by equation (3.111)
X o) = X(@) -j |- X an (@)]
o X M) = X(o) - X(w) sgn (o)

L3113




rum of & combined signal x,, (1) € + x () gins
nmﬂww kot of the 8SB-SC spectrum shown in figure 3.34 is eXpressed
as

Thus, figure 3.33 represents the Spec
l)gsg = _}g;;m e s xy(1) ¢ ]
Substituting in terms of Hilbert transform from equations (3.110) and (3.111), we get
s, 1 | A
el)ggp = ¢ 150~y 1™ + 3130 + fry (0] €7

ot - b J, ;

i T
or slt)gsp = 5 [%(t) cosw,t +x, (1) sin w 1] ~(3.114)

',hi&i‘m‘- s i B i e . ; =i . : .
m‘“m B i g Mﬂcw congisting of only the lower sidebands.
as under: pression for an SSB-SC signal consisting of the upper sidebands

...(d.113)

. the expression i
Jagp = 2l cos m t + o
s A ‘i[“‘“"e‘ _.(3.116)

where ‘¢ I T
SIgnE correspond to the ey ¢
l b | 0 10 the lower sidebands ang upper sidebands respectively

Ina frequency d cr
pmdl.Iﬂt mod: 1 -
- Signal is generated simply by using 8

" AMPUTUDE (UNEAR) MODULATION =

i sidebands is filtered out by a suitable
::ﬂthnd i P s g andpass filter (BPF), The schematic dia

[nfact, the design of bandpass filter is quite erit; e
odulating or TS A e (1l f!‘Equen{?i = eritical and thus puts same limitations on the

cos 1!}']

Product X (1)cos 0L | Band Pass
Modulator ["A-psB.Sc | Filter (BPF) [~ oo er
Signal ; Sign.;l

Fig. 8.84. Frequency-discrimination method for SSB-SC generation
Following are the limitations for frequency discrimination method: NSy
() The frequency-discrimination method is useful only i ' ' i :
' ‘ y if the baseband signal is restricted
its lower edge due to which the upper and lower sidebands mannn-a;arlappi:i: For mmp:.
the fi]teF method is used for speech communication where lowest spectral mmmmnl 18 70
Hz and it may be takf:n as 300 Hz without affecting the intelligibility of the ﬂpeldl signal,
However, the system is not useful for video communication where the basehand signal starts
from d.c. e
(ii) The another rest?ictinn of the frequency discrimination method is that the basehand signal
must be appropriately related to the carrier frequency. Infact, the design of the bandpass
filter (BPF) becomes difficult if the carrier frequency is quite higher than the bandwidth of
the baseband signal.

3.23.2. Phase-Shift Method

The phase-shift method avoids filter. This method makes use of two balanced modulaters and
two phase-shifting networks as shown in figure 3.35.

In figure 3.35, one of the modulators, M, receives the carrier voltage shifted by 80° and the
modulating voltage, whereas another balanced modulator M, receives the modulating voltage shifted
by 90° and the carrier voltage.

Both balanced modulators produce an output consisting only of sidebands.

Modulating Balanced .
or audio signal 3 Modulatir Y
f M‘l ."-‘ I
R Audio J |
Amplhifier T
Carrier 50° :
Phase i
Shifter o gl
M
.. I I ) 4 K] L &
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m the SSB-SC signal by using the
DSB -SC signals. With the help of
signal centered about ® = < ,, is
out ®= 0. The process of synchronous

nal with a locally generated carrier

(3.120
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Demodulation of SSB-SC signal (a) -ﬁmchmm
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3.24.1. Phasor Diagram and Waveform of SSB-SC Signals |
‘ﬁ this article, let us consider a single tone modulating signal V; ﬂ if

m signal V, cos ot to generate an SSB-SC signal.
@Jﬁ mwltmg signal considering lower sideband, will be Mﬂ

mmwmambmsﬂﬁwﬂhm mplitude —

the phamr&ngrmmunfam
ted wave. This is obvious from the phe
qure 3.37(b). It is alnn chlr&ﬂm {hﬁﬂ
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| m SSB-SC signal
SB-SC signal

s rotate. The amplitude variatio
multiple tones SSB-SC signi

= AMPLITUDE

3.24.2. Waveform of SSBSC with Large Carrier Signat
I this article, let us consider an SSB.SC signal in which s lases e,
carrier signal can be introduced at the transmitter as in a large car
receiver end. When a lar_ge carrier is added to the SSB.SC %
easy. When a large carrier signal is present, the SSB.8C w!:w
even for a single-tone modulating signal. TSR
The expression for such a wave may be obtaj . & ry=:
of SSB-S8C given in equation (3.122) j.e., nedby adding a large car

1 —mal
Sgsp = 3 ViVecos (0~ @) 14V, cos ot forV, >, Fa
The phasor diagram has been shown in figure 3.39. The SSB-SC waveftsin et

super position of two waveforms (i.e., lower sideband and large carrier }t.""":'“'_ o
carrier term). =
v. e A
Carrier o, : v - s
Resultant voores ;%Vﬂﬁe e S

Fig. 3.89. Phasor diagram of an SSB-SC signal with large carr
3.24.3. Detection of the SSB-SC Signal having Large Carrier : e
Whenever a large carrier is introduced, a synchronous detection is not essential to ree

the modulating signal. In this situation, an envelope detector provides the appn

signal. An envelope detector is quite simpler and cheaper than synchro;
expression for a SSB-SC signal with a large carrier A cos w4 may be wr
8(t)ggp = x(t) cos w_t + x;(t) sin ot+A cos ot _
Here, it may be noted that the carrier is added to an SSB-SC signal (i.e., not ¢

it as in synchronous detection). This technique is also known as earrie ser
Equation (3.123) may be written as

8(Dggp = [A + x(2)] cos @t + x, (1) sin @, “‘.’ ;

or S.(t)ssﬂ = e(t) cos {mr_.‘ +8) = '

where e(t) = J[A+=(t] +x3(8)
is the envelope of the wave and

= s o) ]
S [a +x(0) i

ig the phase of the wave. When this SSB-SC signal is applied to ax
of the detector will be the envelope e(?) i.e., =



is elose to the desired modulating signg)
=TT x(l!l}_ h

th m, oful for the detection of DSB-SC signajg dige,

. ) : : t the receiver. W
B Lol 2 ,tthamﬂﬂm‘“” orat | CIver. When th,
mmmwhdﬂﬂ*” jzation problem remains as it is and th;, e cay g

1
’ . il ( “m‘ .. , *‘h. ' o 13 s S tee Nig,
signal is added at ¢ “mm. _ﬂ‘m“mmﬂmtter than this mode has the ”dvanh tf[u-\_-

EEgf

% ﬂ&mmmmml I,II tmwmm bandwidth, and at the same time, {{m;ﬂ
3.24.4. Compatible Single Sideband Signal .

An SSB-SC signal may be generated in which the carrier is suppressed, even thoy, o
deteoted with an envelope detector (i.e., simple diode detector). Such a signal is ¢y, o Can by
reception using a commercial AM radio receiver. The signal with this characteristcg ; : tihh]n fur
compatible single sideband (CSSB). However. such a signal involves complex signal th,::ii:{_i as

2 ,-g,mg

and the system is presently impractical for commercial applications.

Am e & . A E ]
modulation system mmawmmmaebemgen DS_B-SC and SSB modulation system
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Fig. 8.40. Illlustration of frequency spectrum of VSB signal,
(a) Frequency spectrum of Baseband signal x(t)
(b) Frequency spectrum of DSB-SC signal
(¢) Frequency spectrum of SSB signal
(d) Frequency spectrum of VSB signal.

signal, S() is therefore, given by
S(f) = Fourier transform {s(0)}

S\ = %-[X(!-f,] + X(f+ 1) B r p

- el e e
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~*] filter (LPF) e

)= Aeos QL) :
s - Soheme for generation of VSB signal.
; - o eeanefor function H(f) of low-pass filter (LPF)
M,Mu%ﬁhm t"'f.l[l]- This can be established by passing s(t)
to the spectrum &(f) o1 BIE o
mmmw for teansfer function H(/) by determining the p,,,
; now, derive the expression : : RS, e88ar,
We shall, now, ¢ detection output to provide an undistorted version of t}, Wi
conditions for the nﬂ.ﬁﬂlﬂ Thus, multiplying s{¢) by a locally generated sine wave A’ cog 2nf 1) :ﬂr_mf
Wmmﬂﬂ ilmﬂ‘-'-'f #) in both frequency and phase. Itr}-, i hic
i# synchronous with the carrier wave € as begp
shown in figure 3.42.
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mmw . IQW'PEEF output
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B 848 Block diagram of VSB demodulator.
mmammm»mw
3 o) = a(t) A cos (2 £, 1)
P = Al cos (2,
e i 44 Ly -..(3.125)
g
Vi = IS¢~ 1)+ 8(7+/
; - f+10)
. s ' -.(3.126)

o W -.—-.-ﬂ[ﬂ{f-

L T
& N LN +=2 WS H - 1)+ X(7 421 1107 41
mm f th - ting signa m&ﬂm of equation (3.127) corresponds
181ng Jo - T RRVING Carpiny Fu . econd term of Vi corresponds to the

THHENeY 2f. The second term can be removed
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The frequency spectrum of the

signal v (t) at the Oulput of the LPF is #1ven by

Vip = A4
ol - IHI:‘—U-ath{,}].\'m

For a distortionless reproduction of the : =
. * oniginal modulats ' B
coherent detector, we must have V() as a sealed et :1 ultl'l;:};”i tn;ina; x(f ill:. the output of the TR
. soeenshown in figure 344, = 0
ll J‘-
VD 4
A

- XY Hi-f ) + Hif )

f:l‘.':. n i‘rrl- _’!

(H)

Fig. 3.44, Spectrum of the demodulated signal v (1),

Thus, for distortionless reception by the VSR modulation se

transfer function of the filter H(f) must satisfy the condition give
H(f =)+ H(f+f) = 2H () (3138

where H(f) is the transfer function of LPF at carrier frequency £ It is a constant value.

I:Iuw. when th? spectrum I}'f[ﬂ 18 zero outside the interval - fn €[5/, equation (3.141) is
required to be satisfied only in the above range. This requirement can bhe fulfilled by using a
filter having a normalised amplitude response as shown in figure 3,45 for positive frequencies.
The magnitude of normalised | H(f)| should be one-half at the carrier frequency /. The sum of
the values of | H(f) | at any two frequencies equally gpaced above and below f.. lhl:llliﬂ be unity in
the transition band /. -/ S f<f + f,- The design of such a filter is much more simpler than the
design of filters needed in generation of SSB signals.

In order to preserve the frequency spectrum of x(¢) properly, the phase spectrum of the signal
should be linear in the interval f —f, < | fISf, +/, and its value should be equal to zero at f, or
an integral multiple of 2x. ’

heme, it is necessary that the
n a8 under:

n R
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m Tllustration of amplitude response of VSB filter

3.26.1. The Time-Domain Representation of the VSB Signal .
k gﬂlﬂﬁmﬂ-duminrepman;tinnﬂfthﬂﬁﬂdpﬂmhm'*yl
form of the bandpass signal given by ;
e !ﬂ}=l,tt}m(hﬁ.&}—s,{nmﬁl!,ﬂ
- Frequency spectrum of VSB signal will be



"-[3130}

...(3.13:}
of the VSB filter satisfies the €quatig,

_ -(3.139)
juation (3.132), we get the in-phag

-+(3.138)
(t) can be obtained by substituting

.(3.134)

ate the quadrature component
through a filter whose transfer

| .+(3.135)
gu ."--B.s&ﬁ assuming that H(/) is
“Sponse to x(t). Hence, we can

...(8.136)

’“Mm l -
bstituting equations (3. 133) and (3.1 —
Mg;’:antaﬁan of VSB signal as undep- ( 38} in qum @.

ﬂluﬁﬂﬂt"d in figure 3.47,
x(f) x(t)

- | Balanced
Modulatoy

A cos ot | Al
i il; Oscillator

Filter H. (/) ﬂﬂ'ﬂf‘ﬂim
8 r

Asin ot

x,(t) Balanced
Modulater

Fig. 3.47. lllustration of Block diagram of phase discrimination W
for generating VSB signals

mals can be dateetedumngnuherantdamnmwmm :.__...
~"!.i"l;lﬁiila‘.eu'si.'ﬁhe:m.«n:lwv.w.'*lm:ha'.mtan:rs.ﬂalurnver.ieater:Wrnsnmm:lﬁ:u-:i nodulating VSE ¢

) = Sxteos 2t - 3, Osin 2t 0]

s(t) = %[H %xm]mmm- .

_.ill,&l&na can. he written ' 88 under:
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o - and WSS 1+ %Mﬂ
' . under:
i be written 88
The envelope of sif} can thus E ‘:

-:(3.149)

1 1+
.' elf) = -‘l[‘*‘z‘w” 1+;Tk.:m

nvelope consists of the modulating

tx(t) of the incoming V8B signg)
on index and by increasing the widy,

In this section, let us compare conventional AM system, DSB:SC system_, S5B system and Vsp
system of Amplitude modulation. We know that the nunventmpal. AM signal contains the tw,
sidebands as well as carrier. In suppressed carrier schemes, the carrier is removed before transmission
process. The relative merits and demerits of various forms of AM can be summarized below:

(i) The demodulation or detection of AM signal is simpler than DSB-SC and SSB systems.
The conventional AM can be demodulated by rectifier or envelope detector. Detection of
DSB-5C and S5B is mthar&?lﬁcu]t and expensive alsop. Furthermore, it is quite easier to
generate conventional AM s:gml_s at high power levels as compared to DSB-SC and SSB

o _?:::J:::; this ;esﬂsn;, conventional AM systems are used for broadeasting purpose.
i et e, 7 1
S8 vl rovibuniad Kbt ' [ e ;n. or sm_usn}da] nmdul:futmn
AN, Hoswover, only D8 dEGs e i i:ﬂ for o mpdulatmn in .CUI]VEﬂtlﬂnﬂi
information. This makee A et Eﬂml.’-fl by the sidebands which carry the
of DSB-SC and SSB systmes, oo ﬂiﬁ? coefficient, On the other hand, the receivers
Due to this reason, DSB-SC and SSB t, are much more complex and expensive too.

systems only find applications in point-to-point

tommunieation. In point-ta. po; Mnisats
point com . ,
are needed. In public broadogst Hmmimm only a few receives and one transmitter

(i) SSB wepy needed o the simpler and o mitter caters to millions of receivers. It
' scheme needs on : ledper.
o thut-m] ; nhr:l%;n;‘b;f ;'fht:: mgﬁdﬂl required in DSB-SC system and less
;::':l'ﬁﬂ-lﬂ_leut-lnhamﬂ amoeng DSB-SC ;u??g say that SSB modulation scheme is the
e transmission of vojce Wmm SSB modulation scheme is used

i because it allows longer spacing between

l?i;m Mmmm ne

e processing of signals in : SN

modulated signal to & new frequeps 190 8Ystems, it

the received mdju-ﬁa:ql_::,y_mh#;* an exam _itr_f;:ﬁm required to translate or shi._ﬁ the
AL 540 0 1640 kijg ey m.';l?mmmmdio receivers
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frequency (IF) (455 k_H:r.l band for Processing. The repes
wasily be amplified, filtered, and demodulateg.

A device that performs the frequency translat;
y 101 of a modulated s ]
signal is known as a fir

f ation is often called f p
m]‘:‘#h I'he oper req“ﬂﬂ(‘_}l' in
A common problem associated with mixing, frequency conversion, or

frequency mixing is the presence of the tmage *1)= m(t) eos Wl
frequﬁ'“cy' For uxnmplv. In an AM
Euperhewmdz;nu receiver, the locally

genﬂfﬂted frequency is chosen to be 455 kHz

higher than the incoming signal. Suppose that

the reception of an AM station at 600 kHz is

desired. The locally generated signal is at 1055

kHz. Now if there is another station at 1510 kHz, it w
155 kHz = 455 kHz). The second frequency, 1510 ki =
frequency of the first, and after the heterodynin aration it is i i ingw

two. Note that the image frequency is separu}tnd i!iﬂt:np{tl:: l:!]:sil:e:f :;:::fl::: l:x;:t?\if:rig:;#

Usually, the image frequency signal is attenuated by a selective RF ' '
i ) - * RF amphifi
o er placed before the

=5

d signal, now translated to o fixed '-'.s.

2008 (0, + wylt
Fig. 3.48, A Frequency mixer,

ill also be received (note that 1510 kHz -
600 kHz + 2(455 kHz), is called the image

MISCELLANEOUS SOLVED EXAMPLES

4 sin 2 = (100,000¢) determine the following:
b (a) Sketch the audio signal.
; (b) Sketch the carrier signal.
(¢) Construct the modulated wave.
(d) Determine the modulation index and per cent modulation.
(e) What are the frequencies of the audio signal and the carrier?
(N What frequencies would present in a spectrum analysis of the modulated wave?
Solution: Given that  Audio signal = 15 sin 2 nt (1500¢)
Carrier = 60 sin 2 n (100,0001)
(@) audio signal or modulating signal is sketched in figure 3.49
(b) The carrier signal is sketched in figure 3.49 e
(¢) To construct the modulated wave, first let us develop the envelope of the me
the following two steps:
(i) Locate the amplitude of the carrier (dashed ling). i
(i) Using the amplitude of the carrier as an axis, lay in the audio signal.
Now that the envelope has been determined, a signal having an ‘“‘Fhmd“m_ a7
found above and having a frequency of the carrier is laid in within the envelope as w e
3.49 (o). e
(d) The modulation index is given by
_  Maximum audio amplitude _ 15 =% =025 Ans
¢~ Maximum carrier amplitude 60 y
Further, converting modulation index to per cent modulation, we h"? a5t
M = m, % 100 =025 x 100 = 25% L

{e) Since the expression for audio signal is gim_ by
U, =V, 80 2xf b= 15 sin 2 = (15000

fo =1600Hz  Ans

E;ﬁp]e 3.8. An audio signal given as 15 sin 2 n(15001) amplitude modulates a carvier given as

m

Hence




. o gl |....r -r ——————

UL
i

PR8N Waveforms for example 3.8.
(f We know that the frequency spectrum of an amplitude-modulated wave consists of
fl' ";+'fn und fc-fn

L = 100,000 Hz
[, *1,, = 100,000+ 1500 = 101,500 Hy
fo= 1, = 100,00 - 1500 = 98,500 Hz
Therefore, the frequency content of the modulated wave will be
100,000 Hz e
I.%Bﬂn Hz
500 Hz Ans,
Example 3.9, The maximum power efficiency of .
(a) 26% Of an AM modulator is
© 76% b 5o
(@) 100% (GATE Examination- 1996)
Solution: We knuwﬁ.t P g_!{1+£_- oy .,I. o
Also, useful power R t‘?"!' %

and ' 1
P‘ -il y
R .

Hence, efficiency

1
put m s 1. therefore M., =3
Thus, option (b) is correct.

.10, A 756 MHz carrier signal having an amplitude of 50 V is modulated 3 kHz
E:l;j-:;l;nll having an amplitude of 20 V. i
A

! (a) Sketch the audio signal.

. (5) Sketch the carrier signal

(c) Construct the mudulate:ﬂ wave.

(d) Determine the modulation index and per cent modulation.

() What frequencies would be there in a spectrum analysis of the modulated wave?
(f) Write trigonometric equation for the carrier and the modulating waves,

Solution: Given that:

f.=75MHz V,=50V; f,=3kHz V,=2V
(@) Audio signal or modulating signal is sketched in figure 3.50(a).
r Carrier signal
| ﬁudiﬂiigﬂﬂ mk’ﬁ"]\]\]‘ﬂﬂ\
= \_/ - 4 0 e 4
I
Modulated wave 50V |V |- yuuuuL EM
A -
T0] AT
51::‘1" A
a0
u = I
| 30
| =50 ,...J)_--q HHEIH
| --':‘Iﬂ R[“uy lc] |,_“_Jf

(b) The carrier signal is sketched in figure 3.5015;1
(¢) The envelope of the carrier is fist developed by

around the dashed line, providing the envelope within w
be laid as shown in figure 3.50(c)
(d) Modulation index is given as

m :Eﬂ:.@:ﬂi{ Ans.
e Yy, B0

Per cent modulation may now be determined by _l.nl-li plying b
M = m, % 100= 04 100 =403 Ans.

: ulmmiludﬁh!urrill_ .
(e) The uanc}-mntenlufnﬂmm_ g :
Eﬁch result from adding the gudio frequency carner

m'hmr&ummmwﬂm

-

ke - e
. il ¥
i . - |
e =
- ¥ -—.-" ek AT 13 [
B S'paE .

. e tive. The =
unmodulated carrier amplitude, both posiive e hich the radio-frequency SIgR £




e TﬁMkﬂl-—ﬂtﬂﬂ ?J:Ii;'fbtﬂz
Thus, ﬁ*&;quej;rymmt-dthtﬁﬂwlw
75,000 MHz
75.003 MHz
75.087 MHz Ans.

mmMmmrmodnhﬁﬂﬁwI“why
o, =V, sin2uft

where . =20V and f,=3000Hz Ans.
Therefore, v, =20 sin 2x/(3000) =20 ¢in 6000 !
The expression for carrier signal is given by
v, =V sin2n /4
V.=850V and /. =75MHz
v, = 50 sin 2 7 (76 % 109t = 50 sin 150 x 106 nt Ans,

Remember that v, represents the maximum amplitude of the carrier signal and v_ the m axim;
amplitude of the modulating signal, m mum

Example 3.11. How many AM broadeast stations can be accommodated in 10 i
if the highest frequency modulating a carrier is § kHz? g
Solution: Given that:

where

Number of stations accommodated
= B_WTM Ei'i' - 100 x 10

Hence, number Ieretatm "~ J0x108

i of stations tiecommodated = 19 stations
Xample 3,12. A bapdy : +  Ans,
If the idth of 20 My, is .
many :‘ﬁ:: audio frequencies Mh:nhd.ﬂ.u 'th:"d'hl' the transmission of AM signals.
another? lcast within this band simute. . T.eFS are not to exceed $ kHz, how
Solution: Given thay. g usly without interfering with one
Total BW = 20 MHz
fq- = a kl{t

We know thy the muy; .
frequeney of g mm._ﬂ;:mﬁ;ﬁw of each

_ AM staion: -
Station BW = zf.* Ften is determined by the maximum

Thus, the numbey
“0e another will be

._--'"'"'_'_-_._-_“_._

g0 = 10"

8 P = 3.333 % 109

il
Number of gtation= 3333 Ans, : _;,l_l‘,_ -

.... I. 0
ing
o
=i

. The total power content of : -
cample 8.13. T : nt of an AM signal is 10 Detarti
ﬁ.mgmitted at the carrier frequency and at each of the niibaﬂiﬁhalﬁhﬂ :;tﬂh.:tm

is 100%.
Solution: Given that

L‘" = 1000 W : ._'_
m=100%=1 : -
[
We know that the total power consists of the power at the carriar £
frequency and at the lower sideband frequency, ie., frequency, at the upparm,j
. P =P APyt Py
Form the equation for total power, we have

2 2
P==Pc+mapf+mnpc= _i_M!Pf '
4 c
Substituting, given values, we get
2
- (1.0)" P, _ 3

1000 = P, + 5 = =P +0.5P.= 15P,

1000
or T J

Solving, we get
P, =666.6TW  Ans.

The leaves 1000 — 666.67 = 333.33 watts to be shared equally between upper and lower sidebands.

But, Pysp = Prsp
Thus, 2P, cp = 333.33
333.33
or PLSB =Ppgg = —2"’ =166.66 Ans.

Example 3.14. Determine the power content of the carrier and each of the sidebands ,
signal having a per cent modulation of 80% and a total power of 2500 W, o

Solution: Given that
M =80%; m, =08

P, = 2500 W
We have to find P_ Py and Pysp.
We know that the total power of an AM signal is the
and the power contained in the sidebands, i.e
P, =P +Pygp* P;sa
Using the equation for total power, we write

mmofr.hnmwlrlﬂlﬁ.'

a ip
m:P. W Fe
.-L—
Pt=Pf +_.§—+ 4
: 2 ip 2 T |
B m.F:.+mf¢ =m|§ Eald
i 4 ] 2 ;-3:' o



*F.
»=Fk ‘“!f'
ofp . 0845 _132p =132P
ﬂ,ﬁ}a +_____P s e ¢
S e
Pt=%’m - l d th
1.4 he total power and the carriey pg,,
. : Whﬂwmut Powey,
¢wo sidebands is the
Pm**”l&l:m—lﬁsﬂ
ar Pﬂsl"'Pm:mlw
Pleys W =30850W  Ans.
- Pysp =F188™ 3

sarrier of an AM wave is 5 kilowatts. Determine g,
Example 3.15. ?mg:m uhdl'l:“d the total power transmitted when the carrie, i:
power content sideban
modulated upto 75%.
Solution: Given that
P =5kW
M= 75% m, =075
We have to find Pysg Propand P,
Since, in an AM wave, the power in each of the sidebands is equal, therefore, we have
3 2
_ . mip (0.75)(5000)
o S e
Pm=Pm=Tﬂa.lﬂ_-W Ans,

Now, the total power is the sum of the carrier power and the power in the two sidebands.
Thus, we have

(GATE Examination-1999)
Nﬂhthu;hi:{ﬂ = BlL +2 cos 20008t) cos 2000 gy
be demodulateq . 1 an amplitude modlinn /1«
law device {!llt!hh:::ydlﬂif demodulators (ﬂm'm.mlﬂ'ﬁiﬁband signal which can
. 21, \ m .' it B m N - re
Hees, Answers (a), (b) and © lﬂ&::z used, lope detection using a squa
Example 3.17. Ay o

uency. Dete

C. e iy Aled wave /
Solution: Given thyy the power content hli &

uf-a.ﬁ ot )
P = il e oands for a 90 modulation.
We have to MPW P;gn  M=90n; m=0.60

: : B
ssce, the power in each of the sidebands i mep. i
Sine & equal to _i-li' therefore, we

m;P, (0.9)" 800
PI..&'H = ‘Pf',n_.'“ P _'1'"1 = ) 80
4
., or Prsp =Pysp=162W  Ans,

Elﬂml’le 3.18. Determine the per cent modulation of a
wer content at the carrier of 8 kW and 2 kW in e
modulated by a simple audio tone,

Solution: Given that

n amplitude-modulated wave which has
ach of its sidebands when the carrier i

P =EkW: P["':'.Elzp . _—_Ekw

b ‘s :thi
We have to find M. |
Knowing the power content of the sidebands and the carrier, the relationship of sideband power

can be used to determine the modulation index. Once the modulation index is know TEE
multiplying it by 100 provides per cent modulation. , merely

2
m-B
— e a”-c
Pysp = Prsp= 4

mZ(8x10%)
4
o 4XEXI0T
o Ma = g x 10°
or m. = 1.0

Also, M =m,x100=100% Ans.

Example 3.19. The total power content of an AM wave is 600 W. Determine the per cent
modulation of the signal if each of the sidebands contains 75 W.

Solution: Given that s
e _.’

P'. = 600 W; P{_rsﬂ = Ff.ﬁﬂ =76 W

We have to find M. _ : R,

In order to determine the per cent modulation, the power Wﬂ_m i:l:r :h;dwm’m w5
first determined. Once P, is known, the relationship between P, and t ¢ modulation is easily found.
a means of determining the modulation index, from which the per cen . - ;

Carrier power can be determined as follows:

u"l'_'._:" I
Pr:Pr+PlISR+P£.SB ":ﬂ
600 = P+ 76+ 75 St
or P = 5r— 150 = 450 watts Ans. |

i 1 [
Now, using the relationship between sideband power and carner pow

m>P.
Pysg = Puse = 4

7 & m? (450)

4
_m;-ﬂ,ﬂﬁ?
m,’ = 450

L¥]
m, = 0.8186 Ans.



.+ froquency- Then use the relationship Ir.ﬁtw%n

Biret find the power contained at the ?uﬂr_;:modulﬂti““ index. Once the modulation Indey j

¢t the carrier frequency
The power d ﬂ=P;+Pﬁﬂ'+Pm
2500 = P, + 400 + 400
p, = 2500~ 800 =1700 W

wer to dete "ve found merely by multiplying by 100.

can ba-determinEd as follows:

ME;

PlFﬂ =Pm= I

2
: m!.ll'?ml

ar m

or
My

= (.970

Thus, M=0970%x100=97%  Ans.

Example 3.21. Determine the power content of each of th
- | _ ent of e e sidebands and of the carrier ofan
signal that has a per cent modulation of 85% and contains 1200 W of total power.

Solution: Given that
M
We have to find P, Py,

hined : A .
ing the expression which relates the total power to carrier power,

=85% m, =085, P=1200W

Prsy

we have

el

Ewmﬂt 1200 = Er. .[-1 ‘_to.&ﬁ.],]
| 2

The sum of carrier pawer

_ 1200

= {L+.u_?ﬂ5 }
AT 1= P [1+0.3613) = 1200 = 1.363F,

® AMPLITUDE (LINEAR) MODULA e

e

e 8.22. An AM signal in which the carrier is modulated upto 70% i
jer frequency. Determine the power content of the upper and lower side 0 W at

ca pdulation. Calculate the power at the carrier and the power content of his per

cent ™

gidebands ™ i

golution: Given that o
M =70%; m,=0.90; P.,=1500W &

o

We have te find  Ppspg, Pyseror Pesor Pusase Prssso 3
We know that the power content of each of the sidebands is equal to m * PJ4, thus, we have
o - -

2
m-P (0.7Y1500
Pysgio = Prgpp = —a— = == = o
[ISBT0 LSA0 1 4 183.75 ﬂ}:é
Pyspro = Prspoo = 183.75 W Ans. g -

¥
o
e
s
Qince in standard AM transmission, carrier power remains the same, regardless of per ce)
modulation, thus, we have _,

IJ-

i)

= P_.,= 1500 W

2 L
P - P = mﬂPr = {u-ﬁlllﬁf}ﬂ
LSBa0 LSBs0 — 4 F 4

P.,=93.75W Ans.

Example 3.23. The per cent modulation of an AM wave changes from 40% to 60%. Grm,
the power content at the carrier frequency was 300 W. Determine the power content at the
carrier frequency and within each of the sidebands after the per cent modulation has risen to

60%,
Solution: Given that
M, = 40%; m;=040; M,=60% m, = 0.60
= P 4o = 900 watts
We have to find P g, Pyspeo PrLsseo
The power content of the carrier of an AM signal remains the same regardless of per ﬂ}
modulation, Thus, we have g

Pcﬁ(l SN0 900 W 3 -I '
The power content of each of the sidebands is equal to m R4 AL
il
2 2 = A
m*P. _ (0.50)°(900) -
Thus, we have  Pygpeo = Prspan ™ 3 e = 3 RIS, 7 S
=81.0W Ans. :

Pygpeo = Prsneo k-
Example 8.24. A signal sideband (SSB) signal contains 1 kW. How much power is contained b
the sidebands and how much at the carrier frequency? :

Selution: (Given that

Pegp = 1 kW

We have to find Pgp, P

C

- We know that in a signal |
. Therefore, all the transmitted power is m&mﬁuﬂﬂm i

PEr cent modulation.
Thus,



——

transmission is to be replac

m,_hntﬂﬁﬂd'& Fm:mﬂ ihlnﬂﬂ'm’l if to be the same as the total poy, COntgy,

et of
m“&ﬂ"fmp; l:;:m ¥ |
samrnrmmm-.sa-wmw:;; ge k.
p=RtRst PRt T T

'Pr = 7575.76 W Ans,
The power contant of the sidebands is equal to the difference between the total power and the
carrier power, f.e,,
Fop = F,~F,
The power content of the upper and the lower sidebands is equal, i.e.,
Prep + Py = 10,000 - 7575.76 = 242.24

Pran=Prgp = 222 - 1919 1oy

shown

Wi? have to find m_ and M
Using the equation relating

fnc minimum peak:to-peak Amplitude to modylgign index, we

m= ﬂl.“ P-m:'m-
MFF*,m_
PUPP = 280)= 169
m"’ lm:"'ﬂ.
Thus 160 - 4p b
L] n 2 A
" *ml%