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Determine the Fourier transform of the rectangular | g e __'—___“_'—'_"_—“—“———————-——
CONCEPT OUTLINE
. T T U —
1 for = <t< 2 _ _  Inamplitude modulation, the amplitude of carrier signalis vaned
x(t) = rect b G B R in accordance with the modulating signal.
erwl . |
, . - A 4 | e The advantage of SSB over DSB-SC is that the requu'ed channel
OR | bandwidth is reduced by a factor of 1/2. 3
Find the continuous-time Fourier transform of the gate rectangular S T R — =
signal. Also plot its magnitude response. ﬁﬁ%%ﬁm%; g};
~ ' %_ w.x j:% \ _::} ahe Ansos Ton {:{_ : 31, “‘%ﬁ‘?‘* ;ﬁﬂﬂh L
1. The Fourier transform is given by, ' 5 _ ... s
0 00 t/2 |
: 2\ Pl -
X(@)= | x@)e /™ .dt= | rect e I8t = I 1.e7?™ ydi
e . — —t/2
- . —a/2 o : ]
— Jot —-jot/2 _ _+jot/2
X(w) =} & = |xslazed
Gl o _ "J(D_ Jl
—27s1n %— 2Ssin % Sin %:E- ' sin % |
= ] s _ = = S T T (o] 2) Modul atlon
X(w) = 7 sinc (07/2) oy &% _ 8531,
. . ¥ 3 1. Modulation is defined as the process by which some characteristic of a
2. Since, sinc (x) =0forx =+ nn
: - bt signal called carrier is varied in accordance with the instantaneous value
Therefore, sinc (0t/2) = 0 for (v1/2) = = nn
: of baseband or modulating signal.
tZnm
or U e n=1,23,...... 2. The signal resulting from the process of modulation is called modulated
signal.
+2n +4n +6m *8m
or ® = ) : , o,
T T T T
3. The plot of the X(®) is given in Fig. 1.6.1. l' “‘
| mnlm' [ l‘ ‘ l i ‘
Modulating or
baseband signal Modulated signal

Carrier signal

(a) (b) | ()
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have
PR wg =a oq bV sin o t+2aV V, cos (o —o,)
0 m 4

—2aVV_cos (o +o )t

Now let P =20bV ,@Q = 20V V.
7. Then output voltage of modulator

o Psino t +@Qcos(o, —®,)t - Qcos(w, +, )t ..(1.17:6)
DN T T pe Upper sideband
Modulating Frequency Lower sideband pp

Eq. (1.17.6) shows that the carrier has been cancelled out leaving only
the two sidebands and the modulating frequency.
8. The tuning of the output transformer will remove modulating frequency
and the output is DSB-SC.

1. The Chopper type balanced modulator (Ring modulator) consists of four
diode connected in ring form; hence the circuit is also known as ring
modulator.

2. The baseband signal m(¢) can be chopped by a switching or chopper
circuit. One such chopper circuit is shown in Fig. 1.18.1.

DSB-SC
output

tI‘he diod'es are used as a switching device. The carrier signal is such that
1ts amplitude A > |[m(¢) | nax Ad ®_ > o  where ® is the maximum
frequency component present in the baseband signgl m(t).

For a 1t : - :
biasedl_)OSl 1ve cycle of the carrier signal, all the four diodes are forward
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5. The four conducting diodes provide a short circuit to the baseband signal
m(t) and the output is zero for the period of positive half cycles.

6. On the other hand, for negative cycles of the carrier, all the four diodes
are reverse biased, and provide a path for the signal m(f) to reach at the
output.

7. Hence, for a positive half cycle of the carrier, no output appears, whereas,
for the negative half cycle, m(¢f) appears at the output, and thus, a
chopped version of m(¢) is obtained at the output of the chopper circuit.

8. The parallel RLC network tuned to ®_acts as a bandpass filter and at the
output of this filter the DSB-SC signal is achieved.

The circuit is referred to as a double-balanced modulator as it is balanced
with respect to the baseband signal as well as the carrier.

.......
rrrrrr
(]

generation and explain how the carrier and the unwanted sideband

are suppressed.

OR

SSB modulation by phase shift or phase discrimination method :
1. Phase shift method of SSB generation is shown in Fig. 1.19.1.

2. Let baseband signal m(¢) =cos ®_ ¢
After passing through 90° phase shift network

i (t) =cos (0 t+90°)=sinw_ ¢

3. Similarly, let the carrier be cos o t at one modulator and sin o t at the

other.
4. The outputs of the balanced modulators (multipliers) are

1 .(1.19.1)

cos @ t.cos o f = < [cos (@, — ®,, )t + cos (@, + ©,)t]

sine t.sinot= %[cos (@, — ®, )t —cos (@, + ©,)] .(1.19.2)
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Mod
than one.

Frequency deviation is more.

Bandw—idth is 15 times of NBFM
bandwidth.

Noise 1s more suppressed.

Bandwidth = 2 fy-
s

Less suppressing of noise.
5. S;)e_ctrum contains two| Spectrum contains infinite
sidebands and carrier. number of sidebands and
Lcarrier.

| What are the advantages of frequency modulation ? The

carrier frequency of an FM broadcast transmitter is 100 MHz and
maximum frequency deviation is 75 kEz. If the highest audio
frequency modulating the carrier is 15 kHz, what 1s the approximate
bandwidth of the signal ?

Answer
Advantages of frequency modulation :
1. Improved noise immunity.

2. Low power is required to be transmitted to obtain the same quality of
received signal at the receiver.

3. Covers a larger area with the same amount of transmitted power.
4. Transmitted power remains constant.

9. All the transmitted power is useful.
Numerical :
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100 kHz. The frequency sensitivity of the modulator is 25 kHz per
volt. Determine approximate bandwidth of FM signal.
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depends on modulation index. |to FM but independent of
‘ modulation index_.

-

2. Since bandwidth islarge, fidelity | AM has poor fidelity due to
1s better. narrow bandwidth.

3 | Noise interference is minimum. | Noise interference 1s more.

4, It is possible to decrease noise | This feature is absent in AM.
| by increasing deviation.

' D. | All transmitted power is useful. | Carrier power and one sideband

| power is useless.
| O — e e —

6. Transmitted power remains Transmitted power v‘aries
| constant irrespective of|according to modulation index.

modulation i{lclex.
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4 Therefore the capacitance of C, changes and causes a corresponding
change in the oscillator frequency. |

5  An oscillator whose frequency 1s controlled by the modulating signg]
voltage is called a voltage-controlled oscillator.

6. A principal difficulty with the parameter variation method of frequency
modulation is the difficulty it entails when we require that the carriep
frequency be maintained constant to a higher order of precision over

extended period of time.

7. There is a certain measure of inconsistency in requiring a device that
have long time frequency stability and yet be able to respond readily tq
a modulating signal.

b. FM Generation by Armstrong’s Indirect Method : _

1. A phase-modulated waveform in which the modulating waveform m(z) 1Power0 iﬁdduléted sign.
is written as cos|o ¢ + m(?)]. If modulation is narrowband [ | m(?) | << 1], |

then | | p Al (10)
coslo t + m(t)] = cos ® t —m(t) sin o ¢ : “U R 20l

Here, m(?) is modulating waveform and sin o ¢ the carrier. 50 W
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i. Find the power of the modulated signal.

ii. Find the frequency deviation A f.
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1. Frequency deviation

iy 90° phase

shift

W,

%Q(t) - % [t + 5 sin 20007z + 10 sin 30007z}

FM signal = ©, + 10000~ cos 2000nt + 30000~ cos 3000

-. maximum values of carrier deviation = 10000 = + 30000 =

- frequency deviation, Af = ! 00011:2+ il =20 kHz.
T

Carrier

signal
source

Balanced

L) = '
e o odulator

n. Bandwidth of FM signal

BW = 2[Af 3 fm(max)]
2[20000 + 1500] = 43 kHz.

Modulation m(t) sin o t = p sin ot sin ®t

Fig. 2.14.2
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Que 2.20. | Write a short note on spectral characteristics of angle
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A. : Spectral characteristics of angle modulated signals :

1. Due to the inherent non-linearity of angle modulation systems, the ' : e
precise characterization of their spectral properties, even for simple Q. 1. Explain angle modulation with its types.

message signals, is mathematically intractable. Anig: Refer Q. 2.2.

2. Therefore, the derivation of the spectral characteristics of these signals

usually involves the study of simple modulating signals and certain
approximations.

Relate Phase and Frequency Modulation.
Refer Q. 2.3.

3. Then the results are generalized to the more complicated messages. Q. 3. Explain Narrowband and Wideband FM.

B. Angle modulation by a sinusoidal signal : Refer Q. 2.6, Page 2—6B,
Unit-2.

Refer Q. 2.6.

Q.4. Compare Narrowband FM (NBFM) versus Wideband FM
(WBFM).

Refer Q. 2.8. _
Write a short note on performance comparison of frequency

Answer modulation and amplitude modulation.
Refer Q. 2.11.

The spectx:al characteristics of an angle modulated signal for a general
mezsuige.SIgnal m(¢)1s quite involved due to the non-linear nature of the . Q.6. In an FM system a 7 kHz modulating signal modulates
rodulation process. 107.6 MHz carrier wave so that the frequency deviation 1s

50 kHz. Determine s
Carrier swing in the FM signal and modulation index.

The highest and lowest frequency attained by the FM signal.
Refer Q. 2.13.

n angle-m du d signal with carrier frequency

Q.7. An angle-mo lated sig al wi . q

o =21 x 10° is described by the equation ¥y, (f) = 10 cos
C

f (o ¢ + 5 sin 3000x ¢ + 10 sin 2000m?)
i. Find the power of the modulated signal.



mmunication Engineering 2-21B (EC-Sem..4)

ii. Find the frequency deviation A f
iii. Estimate bandwidth of the FM signals.

Refer Q. 2.15.

Q.8. Draw the circuit diagram of Foster-Seeley discriminatioy,
Explain its principle of operation with the help of relevang

phasor diagrams.
As& Refer Q. 2.19.
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Q.9. Write a short note on spectral characteristics of angle
modulated signal. Explain angle modulated by sinusidg]

message signal.
ASE. Refer Q. 2.20.
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.c+he higher frequencies Were mtiﬁciaﬂy bo?sted at the transm; ther | g,
3. a'II‘l::llS;;rreSpondingly cut at the receiver, an improvement in pgjg,

. munity could be expected, thereby increasing the signal to noise ratio
i .

4 This boosting of the higher modulating frequencies- 1S termed o
. pre-emphasis, and the compensation at the receiver is calleq

de-emphasis. |
The circuits used for each function is shown is Fig. 3.19.1.
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Pre-emphasized C De-emphasized |
AF 111 AF Out ' R A e R

Time constant R,C =75 ps Time constant RC = 75 ps
(a) Pre-emphasis circuit (b) De-emphasis circuit

1 The threshold effect is more in FM as compare to AM, because in tl:!is,
: - the signal to noise ratio (S/N;) at the input of a detector, at Wh.lch
6. Normally pre-emphasis and de-emphasis is carried out according to - ‘hreshold effect starts, is higher.

standard curves. Fig. 3.19.2 shows the 75 us emphasis curves. > Lower the threshold level (S/N.), better is the system, because threshold

can be avoided at a comparatively lower (S /N ) ratio, and a small signal

is needed to avoid threshold for an equivalent noise power.

in the FM receivers.

e : the threshold level
3. Hence, it is desirable to lower the ———

The process of lowering the thre.shold level 1s
improvement, or threshold reduction.

4. There are two methods used for the improvement of the threshold.

phasis circuits, and

—
=¥
e

i.  Pre-emphasis and De-em

De-emphasig _ i, FMFB (Frequency modulation with feedback).
dulation with feedback

e 0
Que 3.21. | Write short note on frequency m

W Hz 2122 Hz 15 kHz
P18 319.2. 76 ys emphasis curves.

i | . e

used for the thresho '
e tlllis me't};%dﬁ:iﬁﬁzgg t)l; llﬁs‘ig. 3.21.1. The feedback path compriSes
as shown 1n the i | |
of a voltage controlled oscillator (VCO)
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Digital Multiplexers ............. 4-28B to 4—23B |

4-1B (EC-Sem-4)

1.

Pu}se modulation : In pulse modulation, the carrier consists of a pulse
train, some parameters of which are varied in accordance with the
instantaneous value of the modulating signal. |

Types : Pulse modulation can be classified as follows :

Pulse modulation

———

Analog pulse modulation Digital pulse modulation

T

Delta Adaptive

modulation delta
modulation

analog and pulse digital modulation :

Basic difference between pulse analog and pulse digital modulati_or} is
that the transmission of the analog is in the form of pulses and for digital

transmission is in the form of encoded digital flata.
The pulse being quite short compared to the time between them, hence

pulse-modulated wave s off most of the time.

Advantage of pulse modulation :

The transmitted power can be concentrated

being delivered continuous!y. This gives

selection, sinc
and lasers, are oper

Difference between pulse

into short burst rather than

added choice 1n equipment

such as high power microwave tpbes _

d basis.
able only on & pulse :
| om
The time intervals between pulses can be filled \fﬂt‘l; Isla.é'[fl‘lple: vyalgzzs o
other messages thereby Permitting the transmissl man

ystem.
give 1ts application.
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e of the prediction error.

' 1anc
where 0°, 18 the var . ¥
n noise ratio 18

9  Thus, the signal to quantizatio

0'23

R).= o
(SNR), 2 2@
tor G, is the processing gain
2
c

. G B 2M

p o g
when greater than unity represents a gain in signal t,

the differential quantization scheme.

ance 02M 1S ﬁxed, so that G 1S
2 of the prediction error e (n].

3 The other fac

4. The quantity Gp
noise ratio that is due to

5. For a given baseband signal the varl
maximized by minimizing the variance o

B ¥
. n i B L g ",
e R R L
Lk e e
a'.l‘\-n..-'- W
LS i

Advantages of differential pulse code modulation over pulse
code modulation :

. The use of DPCM provides a saving of about 8 to 16 kb/
bthe standard PCM s as compared

. In DP.CM instead of quantizing the samples, the prediction error is
quantized and. only the error signal is transmitted. Since the error is
small, fewer bits are needed as compared to PCM.

. Bandwidth ‘ : .
S requirement 1 DPCM is less than the one required in

w. InD | 171
n DPCM, instead of quantizing each sample, the difference between

two suc ' : .
ticularly usetul in voice transmission because in this

g A : Bl q‘.'-.r-:.-.:.._.::n:‘-..-‘-.:; : :_::.I,:._-:
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e e = e
o L T It 2 -

" pelta modulation :

Delta modulation (DM) is a DPCM . |
signal A(#) is encoded into just a Smglesﬁieme In which the difference

The single bit 1s used to increase or decrease the estimate r;i (1)

his scheme 1s called lin . :
E‘i; 4 114 SIS delta modulation and is shown in

m(t) s (t)
% Comparator
m(t)
Count
D/A direction
converter command

roximation m (t) are

(#) and its quantized app

4. The baseband signal m
applied as inputs to a comparator.

9. A comparator makes a comparison b
put V(H) when m(#) > m(t) and

etween inputs.

6.  The comparator has one fixed out

) when m(t) < m (t).

different output V(L
: t each
1. The up-down counter increments 0T decrements 1tS count by 1 at ea
active edge of the clock waveform. feis: :
: termined
S t direction, i.€ incrementing ot decrementing, is-de t to the
Count H e unt direction command’” 1nput to

by the voltage levels at the “co
Counter.















4-23 B (EC-Sem.4)

- L | * = _—_l—-—__-_’——____———--\-*‘
Communication Engineering & |

ed to accommodate analog

5 kHz. A sinusoidal tegt

message s-ignals d fr equency fm =1 kHz is applied to

signal of amplitude A - 1 volt an
ze A required to minimize slope overload,

e Gmiculae the SLED of the system for the specifieq

b. Calculate the Signal to Noise Ratio
sinusoidal test signals.

 ToFind: a Stepsize,A .

AT,
<
a. AL onf.
e 27 A
I
3
> 2"‘”103"1=0.126V
50 x 10
O 3  (50x10°%)°
b. B 0 D) g5
8n% F2W  8n% 106 x5x10
In decibel,
(SNR) = 101log,, 950 = 29.77 dB
PART-5
Noise Consideration in PCM.
Que.sti-ongf AR | s -

. The qual}t}SIDg PTOCESS g1ves rise to a rg

Geemmes
G G 70 s s
G g 0) 7

| o £ - .‘:,.}l:;l::f -'-.."l‘_','. :i:.i F;r‘_':#“y.{.
?’&W ) J/:f"""" i ’ o e i r""ri,..'.':}"f" a"_-::.-i-x.d‘.'r::.:_
77 ,—'}/ T _ iy o A
i A BS Ny

. PSS TR ) e A B

drdlih s

the message signal.

Let us consider a sinusoidal signal of peak am B
amplitude range is — E to E that is total 95, o uS the

Let the total number of quantisation levels be Q.

Then assuming
Q >> 1, we have,

A e

2,

The mean signal power is equal to (E?/ 2), while the mean quantising
noise-power is (A*/ 12). The quantising noise N , Will be

N AL(E’E)E
7' 19 5519 \NOY" SiSEE

Therefore, the signal to quantization noise ratio will be

s _ B2 3,

N, Elgiun

Thus, S/N can be increased by increasing the number of discrete
levels Q. :

o cause the matched filter detector

The effect of additive thermal noise 15t O whether a binary 1 or a

to make an occasional error 1n deter
binary O was transmitted.

: 1ity of such an
It the thermal noise is white and gauSS;'la"nlf‘1 th.e P;i) EEZ;E;iransmitted
error depends on the ratio £ b/ 4 white Eb prsie S(:11;grnal density of the noise.
during a bit and n/2 is the two sided power Sp€

e of mod
The error probability depends also ontt;he typ .
i.e., direct transmission, PSK; FSK, etc.

uiation employed,
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.th error probab OR i
< operate with erTo ' . |
4. PCM systems OP i .o 2 technical note on TDM for T gyt s
so that we may 181 le word Wri ystem, with the help of a neat
- . . n e : 7y, R -
will occur within a SIng AKTU 201617 Mol

e ¢ B
& - ,.-‘a':r

/ = A
P f}"’r REEE
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The multiplexing is possible in two ways :

.

. Bits are taken, one by one from each channel sample code. When the
first bits from all channel samples are taken, the commutator takes
ihe second bits from all channel samples, and so on.

. All code bits of the first channel samples are taken followed by all code

bits of the second channel samples, and so on. In this method, the

the TDM principle. Draw a circutt i e desired commutator speed 1s less than that required in the first method.

119419 | Explain
i 1 aw the block diagram of PC

illustrate the flat-top sampling. o 3 Asynchronizing bitis added at the end of each frame for synchronization

between commutator and decommutator.

4 The signal that is to be time division multiplexed is band limited to the
same frequency, resulting in the same sampling frequency for all the

TDM (Time Division Multiplexing) : _ channels, and hence the name synchronous time division multiplexing.
1 In TDM all the signals to be transmitted are not transmitted T1 digital system : |
simultaneously. Instead, they are transmitted one-by-one. 1. T1digital system 1s used to convey multiple signals over telephone lines
9. Thus each signal will be transmitted for a very short time. One cycle or using wideband co-axial cable. 8
frame is said to be complete when all the signals are transmitted once on 9 Tt accommodates 24 analog signals which refer as S, through Sy,
the transmission channel.
3. The TDM principle isillustrated in Fig. 4.19.1. Signal Samples 8000

S ﬁam ES/ S S 1
o - Compander & §
—

' | | . - CM decoder
Signal 1 | Signal 2 | Signal 3 | Signal 4 | Signal 1 | Signal 2 | Signal 3 =~ l e
L
e One frame ——_...._b.; : . 1M l

Fig. 4.19.1. Principle of TDM.

' Low pass filters

As shown in the Fig. 4.19.1 one transmission of each channel completes

one cC Cl ' 6 T
ycle of operation called as a Frame”. 3.  ERach signal 1s band

the rate of 8 kHz. Eac
analog) is next A/D converte

4. The resulting digital wave!
cable serving to minimize S1
corruption due to noise






































































