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#
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Derive the expression of narrowband FM both in time domain
and frequency domain, plot the NBFM frequency spectrum also
compare with an AM signal using phasor diagrams

e Derivation
e Phasor diagrams
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2a)

Explain generation of FM wave using direct method.
e Circuit diagram
e Equations
e Theory

RN DN

2b)

With a neat diagram, explain the generation of wideband FM
signals. How the frequency stability is achieved.

e Block Diagrams

e Theory

N W

With the help of linear model of PLL, obtain output expression
of demodulation of FM signals.

e Theory
e Derivation
e Block Diagram

w o1 N

10

With the help of amplitude response of VSB filter and necessary
block diagrams explain VSB modulation and demodulation

e Block Diagram
e Theory
e Equations

w w s~

10

5a

Derive an expression of SSB for which USB should be retained
e Spectrums
e Theory

5b

Explain the working of superheterodyne receiver
e Block Diagram
e Theory

A FM wave is represented by the following equation:
s(t) = 10sin(5 X 108t + 4sin(1520t).
Determine (i) Carrier wave (ii) modulation index (iii)
Frequency deviation iv) Power dissipated by FM wave
across5(1
(i) Carrier wave
(it) modulation index
(iii) Frequency deviation
iv) Power dissipated by FM wave across5()
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State and prove sampling theorem. -
e Statement
e Spectrum

e Derivation

10

A BADN

Solution

MR E - Moyrwe Bend E A

Cont.i inq  Q Con Seadiorn S = A ( !?“L'L-"””--i- + B Sialanf, -'-“j.]—‘rfl']
o -
b Cxpandingiiiue g, o i Cer{ata) = (o1 A-LoB —SinAS “J:]-""E
e - ' - .
S(4) - J\I'- Cen (2044 ( esl B Sin(2n -l:.__.L‘:';l - R, Sin (1n i_tl] Sim ||_|}E,:n';l-ll [.-,.,,--L]] —a Q]

p‘-\ﬂ'\- Moy hodulolier Incheg 'E vy =reall Lo PO L _Le Ome o o 4 !‘1}__ lwwad O
then (v [ B :;.rx¢:n$mt:;']:| | (ene = |
% ) . B ' Siab= B
& S | B Sialangt 1| = R&in(am i_',,__{_} Jl

ql:{ :I = Ph,-_ Lmihl;ﬁl-i ),_ Eﬂ'{_ -";.-"l{lll r.-n‘l_]'{;- f‘.[l]’l-fc-ﬂ_}
) LAAIAT Sinl Sinl _'_E'.a-j... Bl
‘ L b =(p [Awm]

S = Ac len (Tt ) +L Bﬂ% Con (2w (4 4,)

8 - Con [am et} | —— (2)
FT'LU—'. '\.':'i_n_k_l.'l-.l-._!.ﬂ-'\--\ L -E—"""'I-“II“-"""\" 'i'; ﬂw& "-‘L‘-]'ﬁnf .
Saml 0= Acton (dct ) + LU A, Ilf:""”-‘ R S A E A

fum-..\!:u:u.h_r:.] e9" (@) L(w , the basic differme betwesn an Am Signal and o
Nerew band FM Smal b He u.lﬂal_—,rwt Eﬁn "-F Aowe, E"dt‘_ Emiwﬁ?

fan e rarow band FMm i Tevesed., Thun @ Marnow bond £m Sigral
eMentially Me Same Hermmivion bondwd# A, arAmM Siqnal)

&

WG LU ¥ €A




Sum of side-
frequency phasors
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side-frequency
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=enevaken &t PnNoS r'C] nals, ‘
In o duvect EM ctem , JdHae Imstentaneoous
4

t’&u\/’ Uy @.!& dht  arn ey woue B Ajaned]
- : ; — voidh e ymesQioy g
ol mu_-u{ 1y atordon Wb rg)
beq&ncﬂ by Muams 03»(3 a davits known 9%

Q \Ic:»\iar%e Coutro Ued peciliaboT,

One ooy = mp lemst o % ko e oo Ainuasor -

{

|
dod  swillodoy hav -'r\? a M‘j hhj &elechv e
Vu\cv LALAA (\,S — mxwvua StLusonond-  neto oy s Eil

Jo owmml gt oullloksy blﬂ 1M cwmonged vamalhong
tq gl  swackhve oMM poMeAts.

The Blow dJ,'O.?LOAN\ -bO'Y a)m’fqh'wzﬁ £ S»ﬁﬁa&
w{wa 4—@0@1‘\.0{1 osfUodoy B8 shewn im aAﬂ .




.

b
: i
L) —>

Qf(}‘ . HmrHec.d oic'{Llod‘OY ,
Tl CaPoLuEh\n. OMP oot & dlee ’MM kI 0TK N
dlu  escillatoy  Cevaists  of b/n(m\ Copacdt’ Shunted
h“i a \/oltacae Vamnable Capaciter.
| Tl stsultoupt- m?mdtwm QED> 14 \%mmemm)
by e,
A voltage Vamaple Capacitr Commenly Colled
a Vamctor ov varicoP, b enc Lohoktcapa(_ﬁhnq
| dependds ©n the \/n\—tn?@ applicd &2 g e
elechpdes.
The Mup_r\ud ea pscillanon of the HQ‘T"{H
0&(,?.[,.(0&0#‘ La (affver\ c.c__&

-?‘;‘bt- = = = @

wheae e s the Iotal C.G.PO.(;'L.{'OJT\(.Q 53 \U\Ld«t’)@d
Copqu:’rm 2',‘ Hae Vo;‘n‘o.bq—vt? capac,c‘.’rm%
L6 by o e oo imductoun ws,




T SR - st Sinusoida) medulakng woous qu;txmca
£t haste Cotls +he total capacit(l/v\ui/vx Gl
(35S ITVNEN s(f ™odudahen,
BC s dhe moimum C.V\On.ﬂe N Cmpocitanca
o i~ O
ey =

C.oxpo.cito.nu. c(d is cexpresed ay

C(t)= C, 1+ AC cos(arcft)

- _—
O (Lt ka) (ot Be CDSm

10 = ‘ |

AR Co(Litha) J1+ 22 cos [2n8mt)
o ‘

<

Note ! Rimormuwal Huoren,

-R
() - x|
T3 Zé_g <]ty @)

| AcC
'wen['ﬂ =i {‘ Tl el &K&“ﬂ




o «f-; Lﬂ = <¥0 - Oan BC (ps RS — @
QC,

VoKL,
FiO)= £ + Kem(¥)

Fr10) = ot Ke Am COS(FmM)

Fi) £ 4 b4 cosangt —()
ompan © g ©

~BC popp —@

&C,

e gg\'n @

Fﬁ e &, —\— NE € wsu; L | =)

. b e duived stlabon o M Irustdntanoous

Mwuﬂ 91 an M wove o.xgww\/\%

gztnuao\olol‘ modedoaher
Tha Lowpguoxahm helowr Sretds 18 s

Jo C%mmmh a woide bawd £V waVve er'?
Hax smq)umd meud Adaviah en.

M ST oA R e M;W}M-__

oo
2% Dsd\.LOJ'U{

-




This  couyt demh'm providy e constat mmh‘o— j
,naﬂ.ﬂ'hi, b [W o{P Mmu" C‘“‘W‘% 8, ;[P w..(a
,Uwfv\tﬁ €1 & e V\!szau‘f #Lq)muu( deviadon

o odhiitue  poide  howd. BN

TThe @MWQ% B Aok Ha carpes  pug) -
Uty weot obtalvud. flemn a Ju‘ca lngd
Kokl 8l Uodor . e maldhod. 5—& edde ek

s Couhol B Ao helewo. Vﬁ

1)
>L:V T — l ——Si)
LPF ree I Misey |—eaystal
w'm"‘ oot \latee

| T ofp B o P qensTodey s applied do oo musay

J.D(a&i{u"f with e outpuLt et oo t’n,}/stQJ Couwo Led
o¢ e Llade,

The sty olpw vewe applied Jo o MW
AW UR i wator g Jtun Jdew P ¢t Lested,

Thus Conyiguaahon poovidus (aood o & Uatoy
Sstability - cens tont Fm?owh‘onab‘hd bfw o|p fracy -
ey dhavgs ko p vEg Chovge & e
muuauj ts"“\}”"“"“ﬂmd“’"“""e’“ o achodve VORFM,

| -~ ‘




-
[ 9 B
Phase hkockad  dooD: (P 1—'\7

i ~voltage
¥ PLL ve an elichowtc Q&t~su§L\h o Vo Cl%
Cowholled '08ciNatesy ok wvustwﬂ. 4 o
‘s\(ﬂh .

fo wotth Jda o Qug) il el CL“ ‘u».p‘u:‘ LI
» PLLs ot ualoh .tb qem*m_k smbtgg, |

~\ocky, &r +o MOd.uLQh o .&\canol
¥, Pll e ou uu,d M -keuwW\muMCOhm can\p\é%

o
madio, uohsalus MMWM@%& amn/v%m

% PLL amqahw WWM
: WV%/\,U.LH &d:}u)yh/v’\ca &SC’CMT&’«O'W\&&M

P’\MQ/V\O-MLLML‘ QJQNL WLPU-fv&l(ar\al
&’ét C'BV\.&‘ '

U
2. Multipliea: bobut.h ‘Tnbdhpheé am

Fw
wave b"d ki G[P e-J G nmwy\((}

» 3. L\DOP 'f;LUQ‘T 51 a low "PQ-‘A ‘ﬂq *meﬂ
M to vemone. high <ond,

MW “’W\Penw\x.s




- PLL Opevatss Wi e mwapdis .
} \‘l?‘F'x'ee 'm.mnfn% Mode
’ PLL. epevatys im . Jais ods: | Llhon ~Hase (2 -
| no mr\.pu.k ’%PM app!ed th ' ol
3> COP{‘UWQ mode "
As ween ar & :LP ﬁuq)uwvxui is opp.hed),
e Veo wtasks 1o c_\r\mv\qe amal b—qm ¥

Qo 9‘*)‘7?“*t ‘*W\-ua -bm wvaafn%\m This
- wwwdy s coudad Captusg bd

2> Phase Loek | ywieds, -
| - The fugjuamiuy eBmpaniaen teps 08 $000
| lcusm olp  guopumey i3 osjustid Es beiema ¢
!wvumxo Tar rapusk M‘“’"ﬁfw a%ws 1o
! ?hﬂu Aouad  sviodo. ! .

’&'\/\Ihen Input Biqnal ((tewhol -&qmi) ¥ 'gexo,

T g o] sighal quuatul oy
VEo is equal to unmodulotd | casaien Uy
¢ &a s (-t). 3

@‘ﬂu VCO ol'p hot oLQD pm,u ALt " ot
4 umnod.ulond Cmrrne'zs w ave,

Lok “Hug .t[pﬁ\@iqr\cﬂ b dEbS (+) dalfmwl 03 |
oS = A, BN (a-m?t—rtb tt) __—o
whow &[5z axke (mpdt @

&




A, s e caser amplituds

Ky s e duouamuy Swalivity jecter of
Lok Hu olp 8 veo be w0, clajined O

T(H)= A, COS [an £t + cbltt}] e )

whow By i cavpuinds &
D 1) v ctlotd do W) O3

q)alﬂ-’ IR Ky _S;t‘\ﬂbt)df ———@

Ky i ddat gugpuamuy  Banaihy ity Jectos o veo,
The juncion ef PLL is Jfo adjust the amale
Byl) o - Lhat it ayunls &),
ek e() br e outbul B Mulihpley.

sty @l | =)

@ @ CD) .
8\ elt) = gc am (&'R—'@C‘t'\‘ ¢\[‘U) A LOS (&Z’K—ﬁcf’f d%_(*))

{Sifnﬂ CDSB:T;‘I_[g{en(H-fB)—i— gim (f—\--_@}
e(t)s b@jgl[sm@}w%t*ﬂb,mﬂl%@
A ‘%’;\‘/ [s{n (d1D - Cbz[%)ﬂ
— @




rgec.un@ has fwo teyms
‘ T TN akigjh pugummey - cemperwvet deyined

as Olouwhle
= F%:v smf/wcﬁci— + & +th,[_tj beym. &

= Ken OcPy SRS+ b0+, 18] —@
W hee Km=Ll i dh muwlhplier gatn.
&V\O\ Rym: 14 a Low meuﬂ Cempovremt eln_rwld o
cijpiimee gl term
| KmRcPy Sl (0 - 1] (@)
J Loep 48lter i Agned o Supprens \/u'(jh
prg vy temponuuss bhunu clictasd Ju‘c?h
Cdoub(.ﬂ)
| ML&N’LLL@ J-Lioy Mgm @

—

CUB: Kae, Sin cb,u)-d:,m]
D kA sin[ ) D)
w\’\LU (1)?[1) IA e W €T oY’ rdﬂ,drl\V\Qd Qax

B = &) — & (1) —
The  eyvor  iqrol  e(t) s “possed %\xouﬂk a
toop 4fles with mpul susporse  h(£). The ofp
] qiliey i V() ,defined 05
N ()= ewc.f) ¥ h(+)
~ () :—£QQ(VC) (O dwe — (3)




Cubstitats egm [© in (D
WLE) = gK A0y 9«(@(@)th—“®wa@

—©

2\oc K mOﬂ?am ouptﬂée(\tahmﬁd chfn@ps
Kkl Ay
! 3
h ck?@,@_» sim( D HS hLQ — ~ (1)
\ca@

But th() w = & 1O— RlD)
Rewhting e Block moquntwa@

KPP
) el
| Cb_‘[_? 8L7 S 7] hid) [—>®-——7'\9 (+)
XD Hq®)

3
Ruke @z{g = AR K, f-\p(ﬂa ot |
[ &)

Qx.wﬁhv\c} blo g cha%fmm @ KA AV

d? L-D Oﬁ’ { 18\"0( L_’> h({) lééf>\9&%‘)

| E(-&
S\ f * old ’

R
/{\ )]

AR Ky, °t:f<3 ®




‘Ff% @). Block diagrowmn canbe otidsawen ag

l&‘n KKy Beflv
t) £)  E—= —!_.-
%@@% SURLY 2 M "ﬁ@“ﬁ@ﬁiﬁa&)
ey )
f e Hi Cﬂ@
V]

et Kb = KmK\/ gc, Q\/

K, s o Jdoop qw‘r\ pavam ete.,

dixaw*ia@ oA Ko |
A XK K
Cb‘ [’D (x)e[-g R | < VJ/\ Y
s E—slsn () > P B LE) 0=y [+)

H+H)

o

o}

Fn'ca 6% Non kineay Mody) o} PLL

v T . —_ - ———— vb | R i
(n r{cﬂ 6, B NOD-Lineay hecause
the e o[p v  downst daprnd only 0
?[P but also depamds en dla olpfy VGO,
1, the Vamaheny M Ha O‘[P signa)  olepunmady
on both Ip & olpe veo,

The mode|




When Je W 0T rd%’[@ A %Q’QD +Hae
“’PW Lo uad t.Oo.PQA eaid Yo b 1m~phouseloc,\<

- hen pe) s Sl Covnp ased 4o L Fod,then
i (et) 2 ¢ —(14)
the() B Sall = (D=0

P eg
&b, 1= BO— G (D
O = i) — (1)

B ) = B —_‘

W Kt,

>\9(_{)

¢>t€)“ QK Ky (\}Uﬂcit ]
K

9= ddpec) £
ARK Tdx

h.
>

o B )= D t),

UED ol . 14)
WKL , " # .I
@\ ["E‘) = QWK@DS NL_D Ak /'f\

YT

Ak,
(NG
| lojtcu l
Fig 7! Liwaar modelo} pit

L2
S84 = —— AWK, mUt) ¥y
AR Ky




o) K s
| V= Bty —(9

l-Lb‘“LD’ ¥ nodel CJ [-_'L( 4 2 hsLon '.'7"\ | i =t.
]

eq N @ Stoly Mhot wohen Hu 1Dop ep,dc&,u
s \pht:uu Aoekyd ¥eevode, v olp Vi)

18

e Oﬁhca-«mod ‘Y\’\,&(a v&icar\aﬂ exLeplt  fov the

Stols Jactoy Ky . :
| 3 X F@uq) U g olevvodudainen

| & dha iwcem‘u\,ﬂ A vg\(am.\ S) s W_m(i

| oteom@liched,

VSB modulation

Vestigial side band modulation (VSB) is a types of amplitude modulation in which one
sideband and a part (vestige) of other side-band are transmitted.

VSB can be done for a higher frequency signal where there is no energy gap at the
origin. It allows to have a non zero transition band, so this allows the use of non- ideal
filter.

modulated signal

mma Product u[t]a Band pass s(t) Product | v(t) | lowpass |vo(t)

modulator filter H(f) modulator 2| filter
T Ac COS (2nfct) T A'c cos (2mfct)
Fig: Filtering scheme at transmitter fig: coherent detection for recovering of msg signal

The generation of VSB includes product modulator, local oscillator and a band shaping
filter with a transfer function H(f) as shown in the figure. The output of the product
modulator u(t) is an frequency shifted signal which is passed through the filter to get
modulated signal s(t).

U(t) = m(t).c(t)
U(t) = m(t). Ac COS (2mfct)




Taking fourier transform
TGS (AT T(75) PRURN—— ¢ §
The demodulated output s(t) in frequency domain is, S(f)= u(f).H(f)
usingeq (1) S(f) =2 [M(F-£)+ M(E+)] Hf) ovvvrvre (2)
now  S(f-f) = 5 [M(-fe-fo)+ M(F-fe£)] Hf-Fo)
S(f-fo) = % [M(f-2£)+ M()] H(F-£) crrernnerascrernsseenena(3)
[y S(f+fe) = fzﬁ [M(f+fe-fo)+ M(f+fc+f)] H(f-f)
S(F+£) = 25 M0+ M(E+26)] HEH) v (4)
In the demodulation process a coherent detector is used where modulated signal s(t) is
multiplied with a locally generated sinusoidal wave A'c cos (2mnfct), which is

synchronous with carrier wave used in modulation process, in both frequency and
phase. Thus the output of product modulator is , v(t) = A'c cos (2Zmft) s(t) ,

transforming this into frequency domain gives, v(f) = ﬂz'f [s(f-fo)+ s(f+£c)] wenn(5)

Using eq (3)&(4) in eq (5) we get

v(f) = ﬁzﬁ {-‘z—‘ [M(f-26+ M()] H(E-E) + 5 [M(D+ M(f+2£)] H(f+() }

V() = 2LEM(F-26) H(F-6) + 225M(0) HOER) + 255 M) H(+6) + 222 M(F26) H(F+6)

4 4

Taking common,
V(D) = 2EM(f) [H(-)+ H(E+)] +2LE{M(F-26) H(F-) +M(F+26) H(F+O}......(6)

the second term indicates the high frequency component, which is removed by the low pass
filter to produce an output vo(t), so the spectrum remaining component's are

Vo(f) = 22EM(0) [H(E-0)+ HEH] v )

for a distortion less reproduction of original message signal at detector , the transfer
function H(f) must satisfy condition [H(f-f)+ H(f+f)] = 2ZH(f,)

where H(f:), the value of H(f) @ f=f, is a constant equal to 0.5

thus [H(f-f)+ H(f+£)] = 2(0.5)=1, wsfsw

then output will be vo(f) = 22Mm(f)

In time domain itis vo(t) = %M(t) hence output is a scaled value of msg signal
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Single Side Band Suppressed Carrier (SSB-SC) Modulation

The transmission bandwidth of standard AM as well as DSB-SC modulated wave is 2 @
Hz i.e, twice the message bandwidth w. Therefore, both these systems are bandwidth
inefficient systems ,

In both these systems, one half of the transmission bandwidth is occupied by the upper
sideband (USB) and the other half is occupied by the lower sideband (LSB ) as shown in
fig.1 .

The information contained in the USB is exactly identical to that carried by the LSB. So,
by transmitting both the sidebands we are transmitting the same information twice .

Hence, we can transmit only one sideband (USB or LSB ) without any loss of
information. So, it is possible to suppress the carrier and one sideband completely to
conserve the bandwidth.

When only one sideband is transmitted, the modulation is called as single sideband
modulation . It is also known as SSB or SSB-SC modulation .
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The generation of a SSB signal is a simple process, we first generate a DSB-SC and
then apply an ideal band pass filter with a cutoff frequencies of fc and fe +w for the
upper side band. But construction of ideal filter is very difficult.

An analog voice signal has very little energy at low frequencies (<300 Hz),
that is an energy gap in the spectrum near origin as shown in figure 2.a , the filter
response is as in fig 2.b, the resulting band pass spectra is as shown in fig 2.c,

The filter must only satisfy the following :

1. The desired sideband lies inside the pass-band of filter.
2. The unwanted sideband lies inside the stop-band of the filter.

The separation between passband and stop band is twice the lowest frequency of
msg signal (2f;). this indicate the non-zero transition bandwidth, so design of filter is
simplified , the analysis of SSB signal is done by using Hilbert transform. The
demodulation is done by coherent detection so to provide synchronization a low power
pilot carrier is used or an stable oscillators are used in both transmitter and receiver for
generating carriers. Im(0)|

Fig2.a
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~fe-fb -f-fa -fc 0 fo fotfa fe+fo |
Fig 2.b idealized frequency response of bandpass filter
Is(]
’fc'fb 'fc'fn 'fc 0 fc fc+fa fc+fl) f
Fig 2.c spectrum of SSB signal containing upper side band
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s(t) = 10sin(5 x 10°t + 4sin(1520¢).
Determine (i) Carrier wave (ii) modulation index (iii) Frequency deviation 9iv) Power
dissipated by FM wave across5

i) Carrier wave is 10sin(5 x 108¢).
i) Modulation index g = 4

iii) Frequency deviation = 8  f,,, = 4 * lzi—;(i) =968.14 Hz

2
iv) Power dissipated by 5Q resistor =2AT(;? = ;Tog = 10w
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