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1. Amplitude M odulation & Demodulation

Aim: 1. To generate amplitude modulated wave and deterthe percentage modulation.

2. To Demodulate the modulated wave using envelepector.

Apparatus Requir ed:

Name of the Specifications/Range Quantity
Component/Equipment
_ fr=300 MHz
Transistor(BC 107) P,= 1W 1
I(max) = 100 mA
Diode(0A79) Max Current 35mA 1
Resistors 1K, 2KQ, 6.8KQ, 10KQ 1 each
Capacitor 0.0tF 1
Inductor 130mH 1
CRO 20MHz 1
Function Generator 1MHz 2
Regulated Power Supply 0-30V, 1A 1
Theory:

Amplitude Modulation is defined as a process inclwhhe amplitude of the carrier wave c(t) is
varied linearly with the instantaneous amplitudetlté message signal m(t).The standard form of an

amplitude modulated (AM) wave is defined by

s(t) = A [1+ K, mlt)cod27% t)]
Where K is a constant called the amplitude sensitivityhef tnodulator.

The demodulation circuit is used to recover thessage signal from the incoming AM
wave at the receiver. An envelope detector is glsirand yet highly effective device that is welited
for the demodulation of AM wave, for which the pemtage modulation is less than 100%.ldeally, an
envelop detector produces an output signal thbtviisithe envelop of the input signal wave form éyac

hence, the name. Some version of this circuit&slus almost all commercial AM radio receivers.
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The Modulation Index is defined as, ngLEm'“)
(Emax+ Emin)

Where E..xand K, are the maximum and minimum amplitudes of the rnaidd wave.

Circuit Diagrams:
For modulation:

W —11 20
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o
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Fig.1. AM modulator

For demodulation:

DA7D
INPUT R C|+ DEMODULATED
Al 2 SuFe SIGNAL
SIGNAL 100K H
¥ ¥

v w

Fig.2. AM demodulator

Procedure;
1. The circuit is connected as per the circuit diagsfown in Fig.1.

2. Switch on + 12 volts ¥c supply.
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3. Apply sinusoidal signal of 1 KHz frequency and aitogle 2 Vp-p as modulating signal, and carrier
signal of frequency 11 KHz and amplitude 15 Vp-p.

4. Now slowly increase the amplitude of the modulatéignal up to 7V and note down values @f.E
and Eqin.
Calculate modulation index using equation
Repeat step 5 by varying frequency of the moduadignal.
Plot the graphs: Modulation index vs Amplitude &é&uency

8. Find the value of R fronf = 1 taking C = 0.0ftF
2IRC

9. Connect the circuit diagram as shown in Fig.2.
10. Feed the AM wave to the demodulator circuit anceoles the output
11. Note down frequency and amplitude of the demoddlatéput waveform.

12. Draw the demodulated wave form .,m=1

Observations

Table 1: f= 1KHz, {=11KHz, A=15V p-p.

S.No. | Vy(Volts) | Emafvolts) | Eqin (VoIts) m %m (m x100)
Table 2: A= 4 Vp-p £ =11KHz, A=15V p-p.

S.No. | f(KHz) EmaxVOIts) Enin(VoOIts) m %m (m x100)
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Waveforms and graphs:

T
T

1. Check the connections before giving the power suppl

. Observations should be done carefully.



2.DSB-SC M odulation and Demodulation

Aim: To generate AM-Double Side Band Suppressed C4Bi®B-SC) signal.

Apparatus Required:

Com;l)\lc?nn;it(l)é;t?pment Specifications/Range Quantity
Wide frequency response up to 100 MHz
IC 1496 Internal power dissipation — 500mw(MAX) !
6.8KQ 1
Resistors 10 KQ, 3.9 KQ 2 each
1KQ ,51 KQ 3 each
Capacitors 0.1F 4
Variable Resistor
0-50KQ
(Linear Pot) 1
CRO 100MHz 1
Function Generator 1IMHz 2
Regulated Power Supply 0-30v, 1A 1

Theory:

Balanced modulator is used for generating DSB-lg8as A balanced modulator consists of
two standard amplitude modulators arranged in angald configuration so as to suppress the carrier
wave. The two modulators are identical exceptréwersal of sign of the modulating signal applied t

them.
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Circuit Diagram:
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0.1 uF \ 1456
=i
MESSAGE SIGHNAL i
Armplitude = 0.5%p-p 1
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= 21k 12 +
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: ip
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B
RigBalanced Modulator Circuit

Procedure:
1. Connect the circuit diagram as shown in Fig.1.

2. An Carrier signal of 1Vp-p amplitude and frequenty3 KHz is applied as carrier to pin no.10.
3. An AF signal of 0.5Vp-p amplitude and frequencyodfHz is given as message signal to pin no.1.

4. Observe the DSB-SC waveform at pin no.12.
Wavefor ms:

VL RN o NN o

(NIN My AN ]

—
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3.SSB M odulation and Demodulatiom
Aim: To generate the SSB modulated wave.

Apparatus Required:

Name of the Component/Equipment Specifications Quan
SSB system trainer board 1
CRO 30MHz 1
Theory:

An SSB signal is produced by passing the DSB s$igmaugh a highly selective band pass filter.
This filter selects either the upper or the lowideband. Hence transmission bandwidth can be chaliy
if one sideband is entirely suppressed. This lemdssingle-sideband modulation (SSB). In SSB
modulation bandwidth saving is accompanied by aiciemable increase in equipment complexity.

Circuit Diagram:

RFa0 RFO

nr 5sH

GENERATOR MODULATOR-A ADDER 5B
==H
(UsE)

AF SUBTRACTOR

GEMERATOR MODULATOR-B i

DsB-5C
(8]

Fig. 1 Single Side Band system
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Procedure:

1. Switch on the trainer and measure the output ofé¢galated power supply i.e., #12V and -8V.

2. Observe the output of the RF generator using CRiaere are 2 outputs from the RF generator, one is
direct output and another is®8ut of phase with the direct output. The outpegfiency is 100 KHz
and the amplitude 8 0.2Vpr. (Potentiometers are provided to vary the oudpoplitude).

3. Observe the output of the AF generator, using CR@ere are 2 outputs from the AF generator, one
is direct output and another is°aut of phase with the direct output. A switclpisvided to select
the required frequency (2 KHz, 4KHz or 6 KHz). A@Gtentiometer is provided to adjust the gain
of the oscillator (or to set the output to goodp)a The oscillator output has amplitudelOVep.
This amplitude can be varied using the potentiorsgieovided.

Measure and record the RF signal frequency useguincy counter. (or CRO).
Set the amplitudes of the RF signals to 0,1, &nd connect direct signal to one balanced modulato
and 90 phase shift signal to another balanced modulator.

6. Select the required frequency (2KHz, 4KHz or 6Ki}he AF generator with the help of switch and
adjust the AGC potentiometer until the output atogdie isC110 Ve (when amplitude controls are in
maximum condition).

Measure and record the AF signal frequency usieguiency counter (or CRO).

8. Set the AF signal amplitudes to 8,\/using amplitude control and connect to the baldnce
modulators.

9. Observe the outputs of both the balanced modulaianaltaneously using Dual trace oscilloscope
and adjust the balance control until desired outyate forms (DSB-SC).

10. To get SSB lower side band signal, connect balanuadlulator output (DSB_SC) signals to subtract
or.

11. Measure and record the SSB signal frequency.

12. Calculate theoretical frequency of SSB (LSB) aocdhpare it with the practical value.

LSB frequency = RF frequency — AF frequency

13. To get SSB upper side band signal, connect theubutpthe balanced modulator to the summer
circuit.

14. Measure and record the SSB upper side band sigtpldncy.

15. Calculate theoretical value of the SSB(USB) freqyeand compare it with practical value. USB

frequency = RF frequency + AF frequency
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Observations:
Signal Amplitude (volts) Frequency (KHz)
Message signal 2 1
Carrier signal 2 100
SSB (LSB) 0.5 98.54
SSB (USB) 0.42 101.4
Precautions:

1. Check the connections before giving the power suppl

2. Observations should be done careful
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4. Frequency Modulation And Demodulation

Aim: 1. To generate frequency modulated signal and m&terthe modulation index and

bandwidth for various values of amae and frequency of modulating signal.

2. To demodulate a Frequency Modulated sigsialgu=M detector.

Apparatusrequired:

Name of the o .
Component/Equipment Specifications/Range Quantity
Operating voltage —Max-24 Volts
IC 566 1
Operating current-Max.12.5 mA
Power dissipation — 750mwW 1
IC 8038
Supply voltage - +18V or 36V total
Power dissipation -1400mw 1
IC 565
Supply voltage - £12V
15KQ, 10 KQ, 1.8 KQ, 12,1
Resistors
39 KQ, 560Q 2,2
470 pF, 0.1F 2,1
Capacitors
100pF , 0.004F 1,1 each
CRO 100MHz 1
Function Generator 1MHz 2
Regulated Power Supply 0-30 v, 1A 1

11

Theory: The process, in which the frequency of the carigewvaried in accordance with the

instantaneous amplitude of the modulating sigreakailled “Frequency Modulation”. The FM signal is

expressed as

s(t) = A, cod274£_ + Bsin(27f 1))

Where A. is amplitude of the carrier signal, f. is the carrier frequency

[3 is the modulation index of the FM wave

Analog Communications
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Circuit Diagrams:
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Fig.1. FM Modulator Using IC 566
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Fig.3. FM Demodulator Circuit
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Procedur e: Modulation:

1. The circuit is connected as per the circuit diagstwown in Fig.2( Fig.1 for IC 566)

2. Without giving modulating signal observe the carsgnal at pin no.2 (at pin no.3 for IC 566).

Measure amplitude and frequency of the carrieradigho obtain carrier signal of desired frequency,
find value of R from f = 1/ (ARC) taking C=100pF.

3. Apply the sinusoidal modulating signal of frequerid¢Hz and amplitude 3Vp-p at pin no.7. ( pin
no.5 for IC 566)

Now slowly increase the amplitude of modulatingnsigand measure,f and maximum frequency

deviationAf at each step. Evaluate the modulating indexXi) usingAf/ f,, whereAf = |f; - fmin|-
Calculate Band width. BW = B ¢+ 1)f,, = 2(Af + f,)

4. Repeat step 4 by varying frequency of the moduiatignal.

Demodulation:

5.

Connections are made as per circuit diagram sliowig.3

Check the functioning of PLL (IC 565) by giving saqa wave to input and observing the
output

Frequency of input signal is varied till input amatput are locked.

Now modulated signal is fed as input and obseree tlemodulated signal (output) on
CRO.

Draw the demodulated wave form.

Table: 1 §=45KHz

S.No.

f(KHZ) | Twmax(usec) |  fuin(KH2) Af(KHz) B BW (KHz)

Table 2: f =4 KHz, £ =45 KHz

S.No.

A (Volts) T e fun(KHZ) | Af (KHz) B BW(KHZ)

Analog Communications Bapatla Engineering Coll&gpatla



rrrrrrr

1. Check the connections before giving the power suppl

2. observations should be done carefully
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5. Pre-Emphasis & De-Emphasis
Aim:
I) To observe the effects of pre-emphasis on ginpat signal.
i) To observe the effects of De-emphasis on gimgait signal.

Apparatus Requir ed:

Name of the e ]
Component/Equipment Specifications/Range Quantity
fr= 300 MHz
Transistor (BC 107) Py= 1W 1

I(max) = 100 mA

Resistors 10 R, 7.5 KQ, 6.8 KQ 1 each
10 nF 1
Capacitors
0.1uF 2
CRO 20MHZ 1
Function Generator 1MHZ 1
Regulated Power Supply 0-30V, 1A 1

Theory:

The noise has a effect on the higher modulatiaguencies than on the lower ones. Thus, if the
higher frequencies were artificially boosted at titesmitter and correspondingly cut at the receigr
improvement in noise immunity could be expectedye¢hby increasing the SNR ratio. This boosting of
the higher modulating frequencies at the transmist&known as pre-emphasis and the compensation at

the receiver is called de-emphasis.
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Circuit Diagrams:

For Pre-emphasis:

R1
FSkohm
I ci i
10nF
W R2
20m~ $1 tohm  OUTPUT SIGNAL
0.71% _rms
1000Hz
ODeg )
4

Fig.1. Pre-emphasis circuit

For De-emphasis:

R3
AL p
B .Bkohm
5V
0.71Vrms
1000Hz =Cz OUTPUT SIGNAL
0Deg 0.1uF
Fig.2. De-emphasis circuit
Procedure:

1. Connect the circuit as per circuit diagram as showfig.1.
Apply the sinusoidal signal of amplitude 20mV gsunsignal to pre emphasis circuit.

3. Then by increasing the input signal frequency f&Hz to 20KHz, observe the output voltage
(Vo) and calculate gain (20 loge(Vv).

4. Plot the graph between gain Vs frequency.

Repeat above steps 2 to 4 for de-emphasis cirshiiiwn in Fig.2). by applying the sinusoidal
signal of 5V as input signal

Analog Communications Bapatla Engineering Coll&gpatla



Samplereadings:
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Tablel: Pre-emphasis i ¥ 20mVv
Frequency(KHz) Vo(mV) Gain in dB(20 log;)
Table2: De-emphasis i ¥ 5v
Frequency(KHz) Vo(Volts) Gain in dB(20 log¥/;)
Graphs:
100 Hz 500 Hz 2.125 KHz [5 KHz
+17d
Preemphesis ,-ﬁ"/
:—;n"
\5'%
+3dB _,_,_/”’/’/“‘%Sy mptofs
<
a8 TR
SR
Deemphesis™ TR
17 dB \\’1
| KHz [0 KHz
Precautions:

1. Check the connections before giving the power suppl

Observation should be done carefully

Analog Communications
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6. SAMPLING THEOREM VERIFICATION

Aim: To verify the sampling theorem.

Apparatus Requir ed:

1. Sampling theorem verification trainer kit
2. Function Generator (LMHz)

3. Dual trace oscilloscope (20 MHz)

Theory:

The analog signal can be converted to a discrete 8ignal by a process called sampling. The

sampling theorem for a band limited signal of &néinergy can be stated as,

“A band limited signal of finite energy, which ha® frequency component higher than W Hz is

completely described by specifying the values @f signal at instants of time separated by 1/2W

seconds.”

It can be recovered from knowledge of samples takehe rate of 2W per second.

Circuit Diagram:

Pulse ifp
Amplitude 1 1w(p-p)
Frequency :210Hz

Sampled

' s Output

o
Sinusaidal 10kn + — Lo
Amplitude 4v(p-p) op-amp 1 &
T4 Ll B .
- p 0fix
tJ R op-aimp
— ol g 74
—| v0 & -
ako v
Tkp ————— #— vz
I~

Fig: 1 Sampling Circuit
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R R R
o Wy i i O
SAMPLED SAMPLED
/P - om_d )
—_ A inusoida
T C = C =
Fig: 2 Reconstructing Circuit
Procedure:

1. The circuit is connected as per the circuit diagsiiown in the fig 1.

2. Switch on the power supply. And set at +11V and/-11

3. Apply the sinusoidal signal of approximately 4V gp-at 105Hz frequency and pulse signal of
11V (p-p) with frequency between 100Hz and 4 KHz.

Connect the sampling circuit output and AF sigoahe two inputs of oscilloscope

Initially set the potentiometer to minimum leveldasampling frequency to 200Hz and observe
the output on the CRO. Now by adjusting the potenéter, vary the amplitude of modulating
signal and observe the output of sampling cirdddte that the amplitude of the sampling pulses
will be varying in accordance with the amplitudelod modulating signal.

6. Design the reconstructing circuit. Depending on@arg frequency, R & C values are calculated
using the relationss&= 1/T;, Ts - RC. Choosing an appropriate value for C, R cafobad using
the relation R=JC
Connect the sampling circuit output to the recartting circuit shown in Fig 2
Observe the output of the reconstructing circuiE (#ignal) for different sampling frequencies.

The original AF signal would appear only when taepling frequency is 200Hz or more.
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/. PULSE AMPLITUDE MODULATION & DEMODULATION

Aim: To generate the Pulse Amplitude modulated and detatet! signals.

Apparatusrequired:

Name of the Appar atus Specifications/Range Quantity

Resistors 1K, 10K, 100K0, 5 812, Each one
2.2KQ,

Transistor BC 107 2
Capacitor 1QF, 0.00LF each one
CRO 30MHz 1
Function generator 1MHz 1
Regulated Power Supply 0-30V,1A 1
CRO Probes 1
Theory:

PAM is the simplest form of data modulation .Thepéitnde of uniformly spaced pulses is varied in

proportion to the corresponding sample valuesaifrdinuous message m (t).

A PAM waveform consists of a sequence of flat-tappalses. The amplitude of each pulse corresponds

to the value of the message signal x (t) at thdifgaedge of the pulse.

The pulse amplitude modulation is the process irthvthe amplitudes of regularity spaced rectangula
pulses vary with the instantaneous sample valuesaointinuous message signal in a one-one fashion.

PAM wave is represented mathematically as,

St =) [1+Kax (NTJ] P (tnT)

N= -0
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Where

x (nTy) ==> represents thé'rsample of the message signal x(t)
K= ==> is the sampling period.

K, ==> a constant called amplitude sensitivity

P (t) ==>denotes a pulse

PAM is of two types

1) Double polarity PAM ==> This is the PAM wave ih consists of both positive and negative pulses
shown as

2) Single polarity PAM ==> This consists of PAM weaof only either negative (or)

Positive pulses. In this the fixed dc level is atlde the signal to ensure single polarity signalis|
represented as

sl

1S

Fig: 1 Bipolar PAM signal Fig: 2 Single polarity RIA

Analog Communications Bapatla Engineering Coll&gpatla



23

Circuit Diagram:

8.3k0
FFmtm I 1, PAM ofp
unction Arnplitude - 10vp-p)
Generator B2 From Fregquency (12KHz
1kHz 10K F.G
hodulating Sampling
Signal Signal
Amplitude Bwip-p)

Fig: 3 Pulse Amplitude Modidat Circuit

1
o ity O
T 2.2Kk10
L1 = Sinusoidal
PAM YWave  gpoo1uF

| |

o ; o

Fig: 4 Demodulation Circuit
Procedure:

Connect the circuit as per the circuit diagram shawthe fig 3

Set the modulating frequency to 1KHz and sampliegdency to 12KHz
Observe the o/p on CRO i.e. PAM wave.

Measure the levels of 5 & Emin.

Feed the modulated wave to the low pass filtendigi4.

The output observed on CRO will be the demodulatade.

Note down the amplitude (p-p) and time period & dkemodulated wave. Vary the amplitude and

N o o~ wDd e

frequency of modulating signal. Observe and noterdihve changes in output.

8. Plot the wave forms on graph sheet.

Analog Communications Bapatla Engineering Coll&gpatla



24

8(a). PULSE WIDTH MODULATION AND DEMODULATION

Aim: To generate the pulse width modulated and demagtlkignals

Apparatusrequired:

Name of the Appar atus Specifications/Range Quantity
Resistors 1.2, 1.5 kK, 8.2 Q 1,1,2
Capacitors 0.04F, 1pF 2,2
Diode 0A79 1
CRO 0-30, MHz 1
Function Generator 1IMHz 1
RPS 0-30v,1A 1

Operating tem :SE 555 -85 to 125C 1
NE 555 G to 70C
Supply voltage :+5V to +18V
IC 555 Timing :uSec to Hours
Sink current :200mA
Temperature stability :50 PPRM change
in temp or 0-005%°C.
CRO Probes -- 1
Theory:

Pulse Time Modulation is also known as Pulse Widtdulation or Pulse Length Modulation. In PWM,
the samples of the message signal are used tathemguration of the individual pulses. Width may be

varied by varying the time of occurrence of leadaupe, the trailing edge or both edges of the pulse

accordance with modulating wave. It is also cabedse Duration Modulation.

Analog Communications
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Circuit Diagram:

12

25

; R2
1.2k0 Dﬁ?’B 8.2k0
R1 i 4 B Piyihd 0/
Amplitude 5%(p-p)
3 0
Tnupllite E ; Mlax Freg 2okHz
Arnp 54(p-p) © ||+ 5 = ) Min Freq :7kKHz
. ]
FrEq 2kHz 0O.01HF = . o Sinusoidal
Amp A% (p-p)
1 = C2 Freg :TkKHz
O.01HF
Fig: 1 Pulse Widlodulation Circuit
R1 R2
i R, R 1
T 15ko 1.5k |
F'HEM 0] = 07 = Mn.dulatmg
Si "= Signal
ignal THF l
: :
FigD2modulation Circuit
Procedure:

Connect the circuit as per circuit diagram showfigri.

2. Apply a trigger signal (Pulse wave) of frequendgt2z with amplitude of

5V (p-p).

Observe the sample signal at the pin3.

Apply the ac signal at the pin 5 and vary the amgé.

Analog Communications
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Note that as the control voltage is varied outpuse width is also varied.

Observe that the pulse width increases during ipesifope condition & decreases under negative

slope condition. Pulse width will be maximum at thee peak and minimum at the —ve peak of

sinusoidal waveform. Record the observations.

7. Feed PWM waveform to the circuit of Fig.2 and obeghe resulting demodulated waveform.

Observations:

Control voltage

S.No. Output pulse
(Vo) width (m sec)
T 1 T T T ¥ L} T Tt T 1.1 17 L] L] T T T m LI
w
=
=
=T}
R7
w
2
=
2
0
1 | — T 1
=
{
=1V}
R
=
ay
0 e . | L W . —
11 1 [ '] l . (W] L ] 11 Ll LL un 1 1 [l “ ' |
Time

Analog Communications
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8(b). PULSE POSITION MODULATION & DEMODULATION

Aim: To generate pulse position modulation and demoidniaignals and to study the effect of

amplitude of the modulating signal on output.

Apparatusrequired:

Name of the apparatus Specifications/Range Quantity
Resistors 3.9, 3kQ, 10k, 680kK2 Each one
Capacitors 0.01uF, 60pF 2,1
Function Generator IMHz 1
RPS 0-30v,1A 1
CRO 0-30MHz 1

Operating tem :SE 555 -%5to 125C 1

NE 555 0 to 70C

Supply voltage :+5V to +18V

IC 555 Timing :uSec to Hours

Sink current :200mA

Temperature stability :50 PPR@

change in temp or 0-005%.
CRO Probes 1
Theory:

In Pulse Position Modulation, both the pulse ampgkt and pulse duration are held constant but the
position of the pulse is varied in proportionalthe sampled values of the message signal. Pulge tim
modulation is a class of signaling techniques #matodes the sample values of an analog signal on to
the time axis of a digital signal and it is analeg®o angle modulation techniques. The two maiesyp

of PTM are PWM and PPM. In PPM the analog samplieevdetermines the position of a narrow pulse
relative to the clocking time. In PPM rise timemflse decides the channel bandwidth. It has lowenoi

interference.
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Circuit Diagram:

0 oo
1 +1 2%
3.9k0 4 g
7 3 —0 Yout
h P
R2 E
3k0 5
g
g 2
5 ———o Modulating
2 0.01HF Signal
1 ' Amplitude: Gy (-
0.01HF Freguency:1kHz
1 T |
Fig: 1 Pulse Position Modulation Circuit
Rty
+12%
o
Rz
E.Ekfé
F3
Mot s <
R1 BE0K0 T
2 B 107 - W
P 10k EOLF Demodulated
FPR P
Wave l
.
3! & S

Fig: 2 Demodulation Circuit

Procedure:

1. Connect the circuit as per circuit diagram as shimwthe fig 1.

2. Observe the sample output at pin 3 and observedbition of the pulses on CRO and adjust the
amplitude by slightly increasing the power suppliso observe the frequency of pulse output.

3. Apply the modulating signal, sinusoidal signal &f g, (ac signal) 2v (p-p) to the control pin 5
using function generator.

4. Now by varying the amplitude of the modulating simote down the position of the pulses.
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5. During the demodulation process, give the PPM sigadnput to the demodulated circuit as shown
in Fig.2.

6. Observe the o/p on CRO.

7. Plot the waveform.

Observations:
Modulating signal Time period(ms) Pulse widih OFF Total Time
Amplitude(V,.p) Pulse width ON (ms period(ms)

(ms)

Xit)

A
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9. FREQUENCY DIVISION MULTIPLEXING

Aim: To construct the frequency division multiplexinglademultiplexing circuit and to verify its

operation

Apparatusrequired:

Name of the apparatus Specifications/Range Quantity
Resistors 3.9, 3kQ, 10k, 680kK2 Each one
Capacitors 0.01uF, 60pF 2,1
Function Generator IMHz 1
RPS 0-30v,1A 1
CRO 0-30MHz 1

Operating tem :SE 555 -85 to 125C 1

NE 555 G to 70C

Supply voltage :+5V to +18V

IC 555 Timing ‘uSec to Hours
Sink current :200mA
Temperature stability :50 PPR@
change in temp or 0-005%.
CRO Probes 1
Theory:

When several communications channels are betweetwih same point’s significant economics may be
realized by sending all the messages on one traegmi facility a process called multiplexing.
Applications of multiplexing range from the vitalf prosaic, telephone networks to the glamour &Ff F

stereo and space probe telemetry system. Theteatgasic multiplexing techniques
1. Frequency Division Multiplexing (FDM)

2. Time Division Multiplexing (TDM)
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The principle of the frequency division multiplegiiis that several input messages individually matdul
the subcarriers fcl, fc2,etc.after passing throuBks to limit the message bandwidth. We show the
subcarrier modulation as SSB, and it often is; &y of the CW modulation techniques could be
employed or a Mixture of them. The modulated sigrale then summoned to produce the baseband
signal with the spectrumXb9f), the designation diznd” is used here to indicate that the finaliearr

modulation has not yet taken place.

The major practical problem of FDM is cross taltkee unwanted coupling of one message into
another. Intelligible cross talk arises primarilgchuse of non linearity’s in the system, which ealis
message signal to appear as modulation on subcanasequently, standard practice calls for negati
feedback to minimize amplifier non linearity in FDéylstems

Circuit diagram:

g, DBk
100k} oY
100k 10K 7
A Ay —d - &
+15Y = 41
A — ANy +
100k 7 150k | 150K0 J_ 4
PRy s 6 nF _15'\).'
1nF I
741 '|' =
— +
weO O L
10kHz 15y
= = 5.8k}
A
+15Y
10k 7
A e B
I

+
1 [} ? i
15k 2 1] 416V
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Procedure:

1. Connections are given as per the circuit diagram

32

2. The FSK signals are obtained with two diffefeatjuency pair with two different FSK generators.

3. The 2 signals are fed to op-amp which perfordueaoperation.

4. The filter is designed in such a way that loggfrency signal is passed through the HPF.

5. Fixed signal is obtained will be equal to the eignal obtained from FSK modulator.

ifabularcolumn:

SIGNALS

Amplitude(V)

Time(ms)

Input1

Input 2

Modulated input

Demodulated output 1

Demodulated output 2

Analog Communications
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10 Design of Mixer
Aim: To design and obtain the characteristics of a miieuit.

Apparatus Required:

Name of the

_ Specifications/Range Quantity
Component/Equipment
fr=300 MHz
Ps= 1W 1

Transistors (BC 107)
I(max) = 100 mA

Resistors 1K, 6.8 KQ, 10KQ 1 each
Capacitor 0.0tF 1
Inductor 1mH 1
CRO 20MHZ 1
Function Generator 1IMHz 1
Regulated Power Supply 0-30v, 1A 1

Theory:

The mixer is a nonlinear device having two setsingfut terminals and one set of output
terminals. Mixer will have several frequencies prasn its output, including the difference betweba

two input frequencies and other harmonic components
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Circuit Diagram:

woo =12

R2 B BCI107EP
My ba o
1k

R1
10k0

R3
Input Signal 2 B.8k0
Amplitude ;4 OUTPUT SIGNAL
Fregquency : 12kHz

T Input Signal 1
o, Amplitude s 4y
— .~ Freguency : SkKHz

A
M

FIG.1. Mixer Circuit

Procedure;

1. Connect the circuit as per the circuit diagramrasa in Fig.1. Assume C=0.1pF and calculate value

of L, using f:; where f=7KHz

2 L,C,

2. Apply the input signals at the appropriate ternsnalthe circuit.
3. Note down the frequency of the output signal, whsckame as difference frequency of given signals.

Samplereadings:

Signal Amplitude (Volts) Frequency(KHz)
Input signall 4 5
Input signal 2 4 12
Output signal 9 7
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Waveforms:
Llultiplier
& '-d-'_\-h""\\
Modulating g | L g Output
Signal Signal
Carrier Signal
1.5 1

35

ARV

Voltage

=1

_1|5 T T T T T T T
30

Time

Precautions:
1.Check the connections before giving the supply

2.0Observations should be done carefully
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11. Synchronous Detector

Aim: . To study about detection of AM demodulator (oyh&onous Demodulator

Theory:

The phase and frequency of the locally generatedecan synchronous detector is extremely critical
Precision phase and frequency control of the loaalier needs an expensive and a complicated triycui
at the receiver. Pilot carrier is one synchron@atechnique.

A small amount of carrier signal known as pilotrearis transmitted along with the modulated signal
from the transmitter. This small amount of carrsggnal is known as pilot carrier. This pilot carrie
separated at the receiver by an appropriate filtegmplified, and is used to phase lock the lgcall
generated carrier at the receiver. The phase Iggkiovides synchronization. This system , whereeakv
carrier is transmitted along with AM —SC signalalso referred to as partially suppressed caryistiem,

as the carrier is not totally suppressed

The process in which a large carrier is transmitééohg with AM-SC signal is called amplitude
modulation. The large carrier simplifies the recaptsystem. The AM-SC with partially suppressed
carrier is equivalent to an over modulated AM sigridne base band signal m(t) can be uniquely
recovered from a DSB-SC wave S(t) by first multiptys(t) with a locally generated sinusoidal wand a

then low-pass filtering the product, as in fig.dvel

Circuit Diagrams:

+12v
100E
R = o=
AM /P 4k7 1IPF L o3 o
6
=
b=
10 =
— 47E  47E 1496 _1:.:5
et
2k2 1p Ik Synchronous
wi—H |=—0aF orp
14 5 LE_I_ 1pF
M~ Tt
= 0.0047uF ==
1k Tk KB = |
— A L N
1k 1k -
=cND 19
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Procedure:
1. Observe the carrier signal at the terminal providedhe. Set it to 100 kHz. (For Synchronous ckt)

2. Connect 200 Hz AF signal externally from thensiggenerator to the AF input Terminal provided on
the kit. Adjust the amplitude pot of signal generatuch that you should observe on AM wave form at
the AM output terminal.

3. Connect the carrier output to the carrier ingfudyncronous circuit.
4. Connect the AM output to the AM input of the 8sgunous circuit.

5. Observe the Syncronous Detector AF output oiOglloscope.
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12. Phase L ocked L oop

Aim: . To study phase lock loop and its capture rarmgk tange and free running VCO
Theory:

PLL has emerged as one of the fundamental buildlogk in electronic technology. It is used for the
frequency multiplication, FM stereo detector , Fehtbdulator , frequency shift keying decoders, local
oscillator in TV and FM tunett consists of a phase detector, a LPF and a wwltagtrolled oscillator
(VCO) connected together in the form of a feedbsygdtem. The VCO is a sinusoidal generator whose
frequency is determined by a voltage applied térdin an external source. In effect, any frequency

modulator may serve as a VCO.

The phase detector or comparator compares the frgmuency, i , with feedback frequency , f out , (
output frequency). The output of the phase detdstproportional to the phase difference betwean,f
and f out , . The output voltage of the phase detes a DC voltage and therefore m is often referas
error voltage . The output of the phase detectdhésn applied to the LPF , which removes the high

frequency noise and produces a DC lend. The DQ,levierm is the input to the VCO.

The output frequency of the VCO is directly propmral to the input DC level. The VCO frequency is
compared with the input frequencies and adjustdil itiis equal to the input frequency. In short,LP

keeps its output frequency constant at the inmefufency.

Thus, the PLL goes through 3 states.
1. Free running state.

2. Capture range / mode

3. Phase lock state.

Before input is applied, the PLL is in the freeming state. Once the input frequency is applieel MEO
frequency starts to change and the PLL is saidetadhe capture range/mode. The VCO frequency
cantinues to change (output frequency ) until iiadg the input frequency and the PLL is then in the
phase locked state. When phase is locked, thettacks any change in the input frequency through it

repetitive action.

Lock Rangeor Tracking Range:

It is the range of frequencies in the vicinity adDfover which the VCO, once locked to the inpuhalg
will remain locked .
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Capture Range : (f C) : Is the range of frequencies in the vicinity of ‘f @ver which the loop will
acquire lock with an input signal initially stagjrout of lock .

Circuit Diagrams:

Nt ] s T4 f=hC
Input +— 2 13 =NC
Input -— 3 12 =NC
VCO ofp—| 4 LM 565 11 |=NC
Phose comparatar /P 5 10 |=+Y
REF Output=— & ¢ —EXT. Capaciter
Demodunlted, Output= 7 g p=EXT. Resistor

Fig.1 Pin Diagram of LM 565

| l |5|
1 I"IF :

10 |
VP 10k -lj'i'F 7 Cemadulated of}
I 2
& p—0REF
ABO0 . X LM 545
o ]
m%
= % 4 o VC O of
9 ] P
0.01uF J_CI
T 5V
Procedure:

1. Connect + 5V to pin 10 of LM 565.

2. Connect -5V to pin 1.

3. Connect 10k resistor from pin 8 to + 5V

4. Connect 0.04f capacitor from pin 9 to — 5V

5. Short pin 4 to pin 5.

6. Without giving input measure(f O) free runnimgduency.

7. Connect pin 2 to oscillator or function generatwough a f capacitor, adjust the
amplitude aroung 2Vpp.

8. Connect 0.1f capacitor between pin 7 and + 5V (C2)

9. Connect output to the second channel is of CRO.

10. Connect output to the second channel of the CRO

11. By varying the frequency in different stepsexye that of one frequency the wave
form will be phase locked.

12. Change R-C components to shift VCO center faqy and see how lock range of the input
varies.
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13. Diode Detector Char acteristics

AiIm: . To obtain diode detector characteristics

Apparatus Requir ed:

1. Function Generator
2. OA79 Diode

3. 0.1uf Capacitor

4. 0-1 mA Ammeter

5. 0-I0V Voltmeter

6. 0-10V RPS

Theory:

The diode is by far the most common device used\fir demodulation or detection. The simple diode
detector has the disadvantages that demodulat@ditoutitage in addition to being proportional te th
modulating voltage, also has dc component whichessmts the average envelope amplitude(i.e. carrier
strength ) and a small R.F ripple. The unwantedpmrants are removed in a practical detector.

Fig(1) shows a practical diode detector. In thizddi has been reversed, so that the negative eevislop
demodulated. This has no effect on detection, bdbés ensure that a negative AGC voltage will be
available. Here tow resistors are used to ensuattethiere is a series dc path to ground for thegjibdt at
the same time a low pass filter has been addedeiricrm of R1-C1 , this has the function of remayvin
any RF ripple that might still be present. Capadi@ is a coupling capacitor, whose main funct®moi
prevent the diode dc output from reaching the v@uwuantrol R4. The combination of R3 — C3 is low
pass filter designed to remove AF components, pgoe dc voltage whose amplitude is proportional to

the carrier strength and which may be used formatiz gain control
Circuit Diagrams:

0A79 (0-1)mA
g\ =

\f/

C <

_|_
—_— (0-10)V ;—_—/' Edc
Audio 0.01pf _ T (0-30)V

Oscillator RES

N/
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Procedure:

1. Make the connections as shown in the figureti®estudio oscillator frequency to 1 KHz.

2. Increase the d.c. power supply voltage Edc tacMitially reverse bias the detector output.

3. Now increase the function generator output gelteo 1 Vrms.

4. Decrease Edc from 2V in steps of 0.2V and mesatha current Idc flowing through the

ammeter for each value of the d.c. voltage.

5. Bring the d.c. voltage Edc back to 2V. Repeatakperiment for the audio signal voltage of

2 Vrms and 3 Vrms. Plot the dc voltage Vs dc curobaracteristics of the detector with Edc

on the negative scale.

Tabular form:

S.No:

T

Epp =

7

Tg-(miA)

Tg-(mmiA)

Ed'r_(r;)

Tg-(miA)
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14. AGC Characteristics.

Aim: . To study the AGC Characteristics

Apparatus Requir ed:

(i) AGC Characteristics circuit kit consists of g circuitry:

1. RF Generator

2. AF Generator

3. Regulated power supply

4. AM Modulator

5. Demodulator (simple diode detector)

6. AGC circuit

(ii) Dual trace C.R.O

(i) Connecting wires

Theory:

A Simple AGC is a system by means of which the alvgjain of a radio receiver is varied automatigcall
with the changing strength of the received sigttakeep the output substantially constant. The asvi
used in those stages are ones whose transcondeictaddence gain depends on the applied bias ®oltag
or current. It may be noted that, for correct AGaeration, this relationship between applied biag an
transconductance need not to be strictly linearloag as transconductance drops significantly with
increased bias. All modern receivers are furnishiial AGC, which enables tuning to stations of vagyi
signal strengths without appreciable change insikhe of the output signal thus AGC "irons out" itpu

signal amplitude variations, and the gain conta®@ginot have to be re adjusted every time theveces

tuned from one station to another, except wherchiamge in signal strength is enormous.

In addition, AGC helps to smooth out the rapid fedivhich may occur with long-distance short-wave

reception and prevents the overloading of thellkasmplifier which might otherwise have occurred.
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Circuit Diagrams:
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Audia input
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i
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Procedure:

1. As the circuit is already wired you just haversice the circuit according to the circuit diagrgiven
above.

2. Connect the trainer to the mains and switchherpbwer supply.

3. Measures the output voltages of the regulateepsupply circuit i.e. +12v and -12v, +6@150mA.

4. Observe outputs of RF and AF signal generatorgu§RO, note that RF voltage is approximately
50mVpp of 455 KHz frequency and AF voltage is 5\ KHz frequency.

5. Now vary the amplitude of AF signal and obsetlve AM wave at output, note the percentage of
modulation for different values of AF signal.

% Modulation= (Emax -Emin) /(Emax+Emin) x 100

6. Now adjust the modulation index to 30% by vagyithe amplitudes of RF & AF signals
simultaneously.

7. Connect AM output to the input of AGC and alsatte CRO channel -1

8. Connect AGC link to the feedback network thro@yk79 diode

9. Now connect CRO channel - 2 at output. The deteaudio signal of 1 KHz will be observed.

10. Calculate the voltage gain by measuring thelitude of output signal (Vo) waveform, using
Formula A =Vo/V i

11. Now vary input level of 455 KHz IF signal andserve detected 1 KHz audio signal with and
Without AGC link. The output will be distorted wh&&C link removed i.e. there is no AGC action.

12. This explains AGC effect in Radio circuit.
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15. Squelch Circuit.

Aim: . To study Squelch circuit

Theory:

A carrier squelch ornoise squelch is the simplest variant of all. It operates slyicon the signal
strength, such as when television mutes the audidaoks the video on "empty" channels, or when
a walkie talkie mutes the audio when no signalésent. In some designs, the squelch thresholed#ep
For example, television squelch settings are ugpaliset. Receivers in base stations at remote taioun

top sites are usually not adjustable remotely fthencontrol point.

Circuit Diagrams:

* AF AMPLIFIER :
1 =y +12V
E 29k :
A é ATK AF O/P :
: AF P 10K :
: O— |_~v- BC 107 :
- 0.1uF ' :
10k :
: ; 22uF :
. 1k -
1 1
"""""?::::::::: .======-_=-—-—-—==:---;-"T2=\:j=:--:"*

- 10k -

! BC 107 10k -

L ] n

p @ :

: L :

: el AGC P ’

, DC AMPLIFIER -

o m wm mm m mm mm Em o mm Em mm o Em E mm oEm ow T v S R A R AN MW e mm am mm mm o A
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Procedure:

1. Study the circuit operation of squelch circuit.

2. Apply the 500Hz of A.F signal to the input of Adnerator marked as A.F input. Observe the output
of the AM generator using CRO. Adjust the ampliidé A.F and A.M generators to get proper output of
A.M wave form.

3. Now connect the A.M output to the input of thetesttor provided on board and monitor the detectors
outputs of A.F and AGC . Measure the AGC outpuhwitDC voltmeter.

4. Connect the A.F output from the detector toitipeit of the A.F amplifier and AGC output to thepir
of the DC amplifier.

5. Now you can study the effect of the squelchuiirby varying the amplitude of the A.M signal and
adjust the sensitivity of squelch circuit by vanyitne potentiometer provided at the base of thesiséor

Q2.

Pr ecautions.

1.Check the connections before giving the supply

2.0Observations should be done carefully
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