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MODULE 1

1 a) Switching Modulator
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Cayrier Aignal in accerdante Witk the irdiantantous Values of
me SAage Algna) 5_3 kQCPh'\? melamc!g £ phase of @wicy Grlent.

Time domoin expression 5-
AANAL AN NN

- Ler the imsdandtanecus Volue o Carviey Aignal &8
ct)= AcCosaRfd 50,
+ Let Ire mndlanttneous Value 53 messege Aigrel 14
ME) = AmCosaifd _ o
vie know ¥ed fie Standard €9 uakion of ~Angle meduleded Wave

12 givea . = 2
B4 St)= A Ces 6,@) o

whese ©;(4) = Angle § FM wove (modulakd wave )
o ple know thed THe fnzievioneous -?rt%mua fi) § Fr Agnaed
ia given By £ )= f +Km@)
Where , k_'_ = -fveq,uemd chﬁ\(:?fq

M3y = message AiGnal
* We know thod “tre Angular freguency,

weid) = d Gitd)

=l g

4
QA f9) = %*Om)
L fay =L d end)
AKX o

S
Substduli 43 (4= + K rid) m equedion (5) weger




foFKem) = L d6&i(#)

ar at
a6
= ank tankga®) —@
“APPIY Todequod on bofs Sides of equaion() We gg-
o
f o f(aﬂc+axl<;muj]df-
~llz

Gc4) = axf t + a5 Ky fma)ar-

—
-+ The Genexa) €9umtion F FM Aignal I8

Si#)= AcCos Br(3) “Ushng equeh ) (1)

Sty = Ac Cos[arP.t+ +ax ks,fmu)dt] — G

EYuedion (@) iR The Genern) equnbion of £M )S‘ng Por aay
messoge Aigral mid)

for, m3) = A Losarfsr

jm(:),,u = IA‘“COSQR%‘,‘[’ dr (’-fCOSmxaxt 5:2%‘?
= _ﬁ!l_. S a7 fyd)
=— Y

SA)= A, (oS [amc&-r ankp XL-: smu.w;m{]

= Ac Cos[ank+ + K&“"’ s'maﬁfmt)
a

SH) = Ac Cos[enkd+ p SO QA Fond| f
(1)

Etdion (o) 15 the Alandard €900 mn 4 FM Sigrad For

Mi3) = Anlosarfnt = tshexe Bz Ao AP wodu ledion Todex
oy TS ot EM ATgren,

L NN HTG - [ ”



3 b)fc= 93.2MHz, fm=5kHz, deviation =40kHz

1. Carrier Swing = 2* deviation =80k
2. Higher freq = fc+ deviation= 93.24Mhz, Lower =93.16MHz
3. Modulation Index = Deviation/fm = 40k/5k= 8

4. BT = 2(deviation+fm) =90kHz



4 a) Narrow Band FM

Ls Nawrow band EM &Sigralt are Chavader fzed by modulatien
fodex , P less than 4.
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4 c) fm=15kHz, deviation =50kHz

BT = 2(deviation+fm) =130kHz
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5 b)Single tone FM FOM
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9 b)

Increased BW is a concern for PCM

Difi
oy €nTy) =m(nTy) — m,(nT, —T})
d led ly i

:rr:e eq (RT,) x A sgn[e(nT,)] oled to purposely increase
Use gnal.
DM mq(nTs) — mq(nT, = Ts) + eq(nT;) of the message signal
The 2d into only two levels,
nam

o 1| R 1

| %ot

(a)

sequence
aaaaaaaa o 01 01 111101000000

(b)

e(nTy) = m(nT,) — my(nT, — T})
eq(nT;) = Asgnle(nT)]

my(nTs) = mg(nTy — T;) + eg(nTy)



Thus, if the approximation falls below the signal at any sampling epoch, it is
increased by A. If, on the other hand, the approximation lies above the signal, it is
diminished by A.

DM(A/D) Encoder

* Comparator
* Quantizer
* Accumulator

Comparanor
Sampled ‘ esr) [ ois7) oM
tepat L Quartiow ' ENCON  [r—
nln T} \ ww
I F } » '
" he quantizer consists of a hard limiter with ar
input-outputrelationthat is a scaled version of
L the signum functior
Detay
T e r
’ a7 Accumulator
Accumdator

my(nT,) =AY sgnle(iT,)]
i1

=3 e(iT)
i=]

DM(D/A) decoder L,
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mg{nT,) =AY sgnle(iT,)]
Atamud ot =1

= ir,,ﬁ?‘.:

* Staircase approximation mq(t) is reconstructed by passing the sequence of
positive and negative pulses, produced at the decoder output, through an
accumulatorin a manner similar to that used in the transmitter.

* The out-of-band quantization noise in the high-frequency staircase waveform
maq(t) is rejected by passing it through a low-pass filter.



10 ¢)
1) Levels= 2R
Word length=R

2) Transmission bandwidth of PCM >= R* W, R bit per sample, W bandwidth of
message signal.

3) Bit Rate =R*2W {Nyquist Rate= 2W}
Given: W=4.2MHZ, Levels=512

i) 2R=512 , R=9: Code length=9bits
ii) Final Bit Rate: R*2W = 9*2*4 2M bits/Sec = 75.6Mbps
iii) Min Transmission bandwidth of PCM = R* W =9*(4.2 M )Hz = 37.8 MHz



