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in & comsunication system or & respte control system
someiimes it 18 impossible to conneot the two systems dy wire
1inks, may de dud to some envirommental conlitions or other
ressons, For oxsmple, communication botween stationary and
mobile object such as ship to shore, from ground to sircraft,
from ship to ship or from aircraft to sireraft or between
sstellites ( known as space cosmunication), the control of
mining machinery from outside und there aps other mumerous
emuples where the communication Betwegn the two systems by
vire links is impossidbie. In all such cases the radio communica.
tion by wireless i3 the only altermtive, .

4
g

A digitsl multiplexing techaique for fo * / fiols
has been designed fabricated snd tested for tran .éting four
parssetors of & d.¢. shunt motor ona § W, t Miz A.Ms trense
uitter, Similarly a digitsl demultiplexer has been designed
fabricated and tested for displaying the four signels, the

exmot replica of the fnput signals, on a upuz display., The
whole gystem is designed and fabricated by wsing the third
gensration technique i.e. integrated cireuit technology. lastly
for trausmitting a large musber of signals over a certain distane
cs it will be definitely cheaper than the other systems and

8180 mere reliable,
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CHAPIER - )

INTRODUCTION

Transmission of intelligence by radio is based on
modulation. Modulatior is a process by which the message
to be transmitted is superimposed at the sending end of
a radio link aa‘a.nodulating signal ( or simply, the sig=-
nal) on a strong carrier wave, thereby changing the latter's |
anplitude, frequency or phases The modulated carrier is
radiated by a tranamitting aerial as a wave of electro-
magnetic emergy which propagates through space at the velo-
oity of light.

At the point of roception the modulated wave is
picked up by a receiving aerial and is fed to the receiver
input. In the recciver, the signal is sepurated from the
radio~frequency carriexr and drives the receiver load, which
may be a speaker, a recorder, s cathode~ray tube ate.

A8 an electro-magnetic wave travels away from the
transmitter it 15 weakened or attenuated. This is why
radio receivers should be capable of picking up relatively
weak signals.

At present, radio serves a variety of purposes, such
as commnication, broadcasting, navigation, radar, and tele-

control.



Radio communication is the transmission and reception
of messages without wires ofiwave guides. It includes commu~
nication by radio telegraph, raiio telephone, raiio teletype
writer and television. IV is the bnly method of communication
between stationary and mobile objects { such as from ship
to shore, from ground to aireraft, from ship to ship or from
aircraft to aircraft and more recently from ground to sate-
11lites or from satellites to ground, and between satellites,

known as apace communication).

Redio droedcasting is raiio transmission for general
reception, including speech, music and commercial televiksion.

Radio navigation is the use of radio facilities for |
determiviing the position or direction or both of ships or

planeits

-

Radar ( vhich i1s an scronym for Radio Detection and
Ranging) 18 a technique for Getermining the range and dbear-
ings of objects ( ueually called targets) dy the transmiesion
of beamed high power signale against reflective targets, the
reception of the reflected signals, and the presentation of
the resultant data on a dial or a c¢athode ray display. Rodar
may be used for marine mavigation, gun (rire) control, earth’
. surveillance from the air eto. |



Telecontrol {8 a technique for control of mgchinery
by radioc. It is the process dy which a measurement of a
quantity is transferred to z remote location to be recorded,
to be displayed, or to actuate a process. Radio-frequency tele-
metry utiliges a redio wave type of carrier to transmit infor-
mation from one location to another. The wireless telemetry
uses a transjpitter which transmitts the iaea:mrea data or signal
and displayed, recorded or controlled fron the receiving end.
It elininates all cable connections as with the case of remote
control, since, in some cases we are vestricted to use cabdbles
for transzitting data from one place to the other place o.g.
f1light test of aircraft and migeiles eto.

We can transmit only one signal at a time on the
¢transaitter. What 1f a number of signals has to be trans-
mitted, there must be some arrangement such that at the recei-
ving end we can again get the same signals separately from one
recsiver. A multiplexer solve this problem. Multiplexing is
a tedhnique in which data from several signal scurces ( or
channels ) are combined in s prescrided orderly fashion onto
a -1ngleffT digital multiplexer has been designed which is a
oircuit that serially owitches g numder of different digital
signals onto a single 1ine or chamel., Similarly a De-multie-
plexer is needed at the receiving end to convert the output
of the receiver into the A4aifferent sigrals that has deen
transnitted.
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The Multiplexer and the De-sultiplexer employ gates
viz. OR, AND, inverter and ghift registers, Astable multivibra-
tors, monostadbles and a comparator. The output of an OR
assumes the 1 state if one or more inputs assume the 1 stat-e.
The output of an AND assumes the 1 state 1f and only 1f all.
the inputs assuns the 1 state. The output of an inverter cir-
cuit takes on the 1 state if and only if the input does not
take on the 1 state. A group of cascaded flip flops used to
store related bits of information is known as a register. A
register that is used to assenmblo and store information arriving
from a serial source is called a shift regioter. The schematic
block diagram is shown in the figure 1. The t/f converter
transducer is a temperature to frequency converter which sen-
gen the temperature of the motor and gives s eorreapahding di-
_ gital signal. The sensor employs six silicon diodes. The v/f
converter transducer converts voltage across the amature of
across the shunt field into a Corresponding digitsl electrical
siguale The s/f converter transducer is a speed to frequency
converter. It ewploys a photo-transistor with a rotating disc

containing hole as a sensor.

The four asignals are then fed to a multiplexer. The
output of the multiplexer iz transmitted by a 1 W, 1 Mig.
A.M. transaitter. This whole comprises a one unit called a
miltichannel signnl transmitting system.



The signal transmitted is received by o medium wave
superhetercdyne receiver tuned maximum gt 1 MHz. The receiver
output is fed into a De-~multiplexer. The De-zultiplexers output
are the same signals vhich are fed to the multiplexing eys-
tems The output is connected through s dand switch to a 4-digit
digital display. This whole im cslled a multi channe) signal
recoption and display system.



CHAP?FR - 2

TICHANNEYL, SIGNAL TRARSMITTING SYSTEM

The four parameters of a d.c. shunt motor, nmmely, the
speed, the temperature, the voltage across the field winding
and voltage across the armature are conyefted to digital signals
by the transducers, s/f, convertor, t/!l'ccmnrtor. and v/f oon-
vertor. Followed by a four channel multiplexing system. The
output of ths multiplexing aystem is applied to a 1 W, 1 Miz A.M.
transmitter. The design of these individual systews is desorib-
ed below. |

3d $o0 Frequency Converto; 97X Fansauee mplifiex

The Figure 2(a) shows the complete circuit of the speed
to frequency conicrtar. A photo-trensistor speed transducer

is fabricated to convert the speed of the motor into a frequency
signal. It consistsn of diasc of 7.5" diameter. 60 holes each of
1/8' d1a. are made on a circle of radius 3.5'" with egual spacing
on the disc. This disc. is mounted on the shaft of the motor.

A photo transistor SIT 200 im mounted at one side of the dise

~ and a buldb on the other side. They are aligned in such a wave

that whenever the hole from the disc comes in m of the buld,
the light orosses the hole and falls on the junction of the
vhoto transistor. The output of the photo-transistor is a
series of pulse train, the pulse width of which 18 dependent upon
the speed of the motor. Since the amplitude of the signal from
the photo-transistor is very low, and to convert it to a level
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compatidle with TTL logiec levels, it is followed Dy an audio.

amplifier.

Figure 2(b) shows the complete cireuit of a temperaturs
to frequency convertor. A thermistor or a series dank of six
silioon diodes are mounted on the motor, so that whenever the
temperaturs of the motor changss the sensors resistance will
change. IC %566, a voltage controlled oscillator, is used to
convert the tenperatuée to frequency. The sensors i.e. efither
the thermistor or the diodes Lforms one atm of the potants.ﬂ
divided: The msupply voltage Voo 1515 volts. The control
terminal voltage should be in the range 3/4 V¥ ¢ Vv, < v*,

It means the voltage across sensor varies from 11.5 V to 15
volt. The frequency is givim by

z(v*-V)
fb 310171-

The output of the IC 566 is grounded through a 4.3 V.

 -Zener Adiode to eliminate and to maintain level suitable for

- TTL devicea for further application.

The voltage across the armature is reduced to a maximum
of 4 volt signal by a potential divider as shown in figure 3.
The signal is then applied to the inverting imput of the
difference amplifier. The operational amplifier gives an out-
put ranging from 11.5 ¥V ¢o 15 volt as the voltage varies fron
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1

3,5 volts to O volts. This signal is suitable to apply to
the control terminsl of IC 566, V.C.0., whose supply voltage
is 15 volts. Since the control voltage should follow the
relation

/4 Vg v, ¢ v
The frequency of the ocutput signal is given dy
' 2(vr-v,)

*

BOV
The output signal is first of all passed through a sener diode
to make 1% suitable for further application to digital circuits.

(1v) Digital Sisnel Multiplexer

Multiplexing is a popular technique in which data

20-

from several signal sources { or chennels) are combined in a
prescribed orderly fashion into a single tranasmitting line.
The digital signal sultiplexing can bde simply pictured as a
rotating commutator that momentarily and sequentially connects
each of the several digital input asignals to the single common
output. A digital signal multiplexer, then, i{s a circuit that
serially switches a number of differsnt digital input signsls
onto a single channel.

Flgure No«4 shows a functional VYlock diagram of a four
channel digital multiplexer. The one input of each of the
four AND gates is connected to the four input digital signaols



widd &0

B »
DET/ITIATETRN THEHTS 00T HD ¥alL 7 - TEANL
DTSR A it . - . . i -
“ i »r_rosv :&ﬁ?cjw _.unm:‘n“‘mi ,.wwa.ﬂmﬂ U;WMMJ (ww % o A‘m ;_Mve.._w«w;n«p Jn _.M.MW»;m

s 3R S
Soand wa i \

=il _.!ll

TIVD RO L

-2

f2q

s

TR TV

LOFE R S
iste
5 bt N

R

+

SLVD YO

i

1328

v
%MF.

a4

[

-
(|

(WEOd
-T¥EIDIO)
STV ND IS

CANI

|



13

to be multiplexed. All the four digital inputs are come-
patidle with TTL logic levels. The other corresponding
four inputs to the AND gates are the four outputs QA' Qc.
Qg and QG of a 8~bit parallel out shift register. All the
four ontputs of the AND gates are applied to a 4-input OR
gate. The last output of the 8-bit parallel out shift
register, Qus trigeexs thes monostsable, the output of which
is applied to the mode control of the shift register. And
also this output, with the ocutput of the 4-input CR gate
forms the input for a 2-input OR gate.

The funationing of the multiplexer can be described
with the help of the figure No.5. A elook pulse from an
astable multividrator of pulse width 25 fisec as shown in
figure 5(a), is nppuodfﬁ;\he olock input of the ahift register.
As shown in the figure %(a), at the trailing edge, a, of the
clock pulae the output Ql goes high. The AND gate 1, will
pass all the signals which appears at the input of channel
No.1l, until the trailing edge, b, reaches. At this point QA
8088 low, and Qp goes high so from the ¢. edge, b, to o,
no of gnal will be transferred. At the trailing edge, o, Q,
goes high and the outputs, Q,,Qps Qy» QU Qps Qg and Qg rve-
pains low. It will transfer the signal untill the next
trailing edgo appears. This procedure contines upte the trail-
ing edge, h, at which the chann91-4 has besn just exhibdited
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to transfers the signal. At this trailing edge Qp goes high
which triggers the nmonostable. Now the outputs of the AND

gates sequentially goes to high depending upon the signal pul=
ses appearing at the input of each channel for a period 25 § seo.
maxizun. These outputs are applied to a 4-input OR gate. The
output of this OR gate transfers the information for 25 m seoc
of the first signal {( or channel ) then after the elapse of

25 p sec again it transfers the second signal for 25 m sec and
so on. The output of thias 4-input OR gate 15 applied to the
2-input OR gate as shown in figure 4. This 2-input OR gate
passes all the information of the previous OR gate. In addition
1t also transfers an ocutput pulse from the monostable of

pulse width T = ¢ + %, < ¢4 < 2¢; + t,, which appears just
the fourth signal has besn stoppsd from transferring.

The output of the monostable is5 gl applied to the
Mode Control of the ghift register. The triggered pulse of
the monostable resets the S8~bit parallel dut shift registers.
At the tralling edge of the 9th pulsne, I, Q) &oea high and
thus the cycle starts sgain €111 the monostable again resgets
the shift-register.

The output of the OR gate or the multiplexer contdns
sasples of information of each signal for 2% u ssc,one st &

tine, and s reset pulse from the monostable.

(v) 19,1 mi AM Transmitter

. The circuit diegran of a 1 W, 1 MHB. AsMe transmitter
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is shown in the figure 6. It couprises of an oscillator,
modulator, R-F. pre-amplifier, R.F. power amplifier and ante-
nna. The design of these astages is given bLelow.

Antepng ~

For the full wave antesns the length of the anteena

- -J—ui:- -:3::10‘ oms

1x 10
= 300 metres

Push-pull R.F. Transformer 'B:

The push~pull transforsey which is driven by two
transistors 2 N 2012, FFN, consists U/23/32/7 ferrite U-core
msmblty as the core of the transformer. The ferrite core

set have
Effective length 1'. = T4 mn
Effective avea ‘ A, = 61 o

Yor caloulating the inductance for the above core sny one
of the formulae given below can be used.

2
M fe T |
p A - - ( a1l unite in M.K.S. )
1,/ A, .
- 1520 - 2800 (5"—‘L F)
or N = 92 YL ( 1)

~ where 1 in m H.

~
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In the class-B push pull stage, the nean a.c. power output
Pout is given by

2
( vl‘- m.e.)

Ree

Since the supply voltage 1s 10 volts we can take

Vr.m. o - ‘—l%i-a— - $5.66 volts

Pout

Po‘nt - 1 Watt
. (v. )2
. » Rc M -1 (X T3 = %2 0
P
out

For the U-core assenbly the working Q@ ( i.e. Q, ) can be taken
between 10 and 20. Let we take Qy = 12.Ths unloaded Q, is of
the oxder of 230. Becaune Qy ¥ Q4 s the dynemic impedance of
the circuit at resonance is effectively equal to Ro' the collec=
tor load. Thus

R - @]l Q“

c

. R ‘310“5 »
.- o I = ug; . R B
By = 92 YL where I in =R

n = 1.9 = 2 turms

. 1
e e I = — x 1076

2. 12
“2""1"' 2 turns

H
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The output voltage across the secondary of the transformer,
let be 60 volis peak to peak

.'. 2 2] - vl TeMsBe

n} v3 PaMeBe

PR n3 s 30 tums

To f£ind the mitual induotance, the inductance of sec. winding
is

) A (-—32—)2 - 1.21 x 1074 1,

= 0.5/T7T; « 3.8x 1076 g

+ « Total primary winding inductance

IL'e L +Mw 4.27 100 H

C = Ay 5.92 x10™%
£)° 10 -

{ 2=

Cp = (% Y% = 27 pt.

R.F. Tranaformgr Tg_

The transistors vsed in the push pull stsge has

Beo min = 50



¢ p-p 8/ Y2

« « Dase gurrent

1bc P=p it
1y romes. ™
Vb pep -

vb PelisBoe -

Base power input

Pyl w8/ V2

We have chosen vp’p = 8 volt
and Pout = 1 watt
. now vr.m.'a. xc Pellle B - Pout
1, the collector current
.
** 15 roms. = 18/ V2
e el L 250 ma

f%—-SHA

8/ Y2 mA

1 wvolt

707 volt

IN2 = 2.5 mw

N
ow (Vg F .m.s,) = 2.5 % 10“'3

20
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L4

e my, = 135 VI where L in =

» 4.1 tums
» 5 turms

v n
Ceon -(1’§)2310"3 - 1.37x10°% 1

na - n, = % tums

nz + n, - 10 turns

Total inductance L = ( }gs—)z x 10'3 H

- 5.50x10°H

We have taken the turning capaoitance

C = 820 ptfc

*
e« » Total primary inductance

1 . -5
1.9 5.08 x 10~° H
Y (2o -
L' » I,\l + N

L. +1L
Now M X .LT_&..
h.;l‘z
-

= 451, +2.475 x 107

e ¢ L' = I‘l 4-..451.1 4-2.475:10'5
3.08 X107 w L' w 1.45 L, +2.475 x 106



We oan calculate I’l

Mo M A

Oscillator Transformer ﬁ

MRSy

t-xm'

Let we take Cp = 2000 p.f.

[

R 5 A 1.27 x 10~° &
" (=nlc - *
N T 1 .0
. » - Lurm
g J Ko s A ) ’
Now

L e 1.27 x10™° =
B, = 13% YL where L in mH
= 15.2 = 16 turna

mitual inductance

M - K Ll 1:2

N

- 5 (1, 1, - 635 x 10”7 W

N

e o L'=w 1,908 x 1070 H
—
( 2x £)2 1

Cp = - 1333.33 p.f.
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CHAPTER = %

MULTICHANNEL SIGRAL RECEPTION AND DY SPLAY

Multiplexed signals are received by the receiver and
the demultiplexing syster separates out the four signals
again into the same form e® they are, whenvappuad at tle input
of the multiplexi ng system. The output of the demltiplexer is
applied to a 4~digit LED display through band awitch. The indie-
vidual circuits are descrided belows

(1) Recdver

In s superhetrodyne receiver, the inconing refe aipgnal
is amplified and converted to what 18 called the intermediate
froquency. The 1.f. signal is then anplified and detected.
Frequency conversion is effected in such a wey that the envelope
of the moduiated wave is presexrved. Since for sny signal frequen-
oy there is one and the same intermediate frequency, it is casy
to build the L.f. circuits of the requisite band width snd high
solectivity. |

The aerial input ciremit and radio-frequency amplifier
have tut little effect on receiver seleotivity on short and
ultra short waves, and only improves the receiver sensitivity.
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The frequency changer oonsists of a mixer gnd a local
oscillator. The latter 18 a low power self excited radio-
frequency oacillator which generates a signal at a slightly
different fyrequency from the r.f. signal, fo:.

Prequency conversion ls obtained in the mixer which
accepts two signals, the incoming r.f« signal f4 picked up by
the aexrial, and the local oscillator signal fo. The intermediate
signal at the output of frequency changer ususlly is a differ-
ence frequency

4 -ts-t

o i

The intermediate frequency amplificr operates at a
constant frequency and amplifies the 1.f. signal to the value
required for the normal operation of the deteoctor. I.f. ampli~
fiers are usually dend-pass smplifiers whoSe resonance charac-
terintios is nearly rcotangulare In this way high selectivity
can be obdbtained at uniform amplification within the bandwidth.

The audio-frequency anplifier builds up the gudio-
frequency signal to deliver the power ocutput or output voltage
necessary for the operation of the terminal eguipment
(load).

In addition to high seleotivity and sensitivity,
superhaterodyne receivers show batter overall performance.
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The complete circuit dlagren of the recsiver is shown
in Fig.7. Seven transistors and one gesmanium diode are used
in the basic fswm of the receiver. The BF 1948 is the frequency
changer and the two BF 195 form the i.y. amplifier. The detoc-
tector is the OA 70 germanium diode. Four transistors made the
audio stages, BC 148 is used as an audio freguency prew
anplifier, the next BC 148 silicon traneistor 18 being used to
drive a matched paiy of AC 128 ( the 2- AC 128) in the transfor-
mers push~pull output atage. The aerial is a ferrite rod which
gives the required selectivity and semsitivity and can be
coupled conveniently to the freguency changer. The oscillator

and antenna coil connections made az under.

Coils colour code

( 0SE Coils )

White .- Collector o
red /- 1efe +
green - gang g
yellow - enitter e
black | - ground =

( antenna coil )

green - gang g
blue - base D
dlack - ground n

red - loop serial 1
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‘The loop antemna is a rectangular of size 11'*' x 6'' of 3SWG 18
wire. Instesd of geng two trimmers of 0-50 p.f. are used to
tune the cirouit at our required 1 MHis frequency. The standard
1.2« 0f 465 ko/s is used and the local omcillator frequency is
above the aignal frequency in socordance with normal practice.
The BF 194 B operates as a self-oscillating mixer, The r.f.
signals from the asrial coupling Coils are fed into the base of
the BF 194, which produces its own local ¢oscillation dy means
of feedback from the collector to the emitter, The 1.f. is
selected at the collector of the BF 194 by the first 1.f.
transformex Tl’

The 1.f. amplifier consigts of two BF 195 operating
in unilateralised grounded emitter circuits. Singly tuned
1.f. transformers are used here. We cen also use double tuned
1.f. transformers to ioprove either or both.:ﬁhe frequency

response Eit ond afjacent channel rnjéation.

The thixd 1.f+ transforver Ty is connected to an QA 20
detector diode which provides an auvdio output and a d.c. output.
The d.c. output is fed back to control the oporating current
of the first i.§fs transistor so providing sutomatic rain control.
The audio amplifier 13 the same as 13 the transducer emplifier
exoept the transistors used in output stage i.e. in the push
pull transformerless stage are a matched pairs of AC 128 instead
2N 359.
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A battery voltage of 1O V is selected gnd this voltage
is allocated in the following way =

(m) the h.fs transistors work at the collector emitter
voltage of 6.5 volt which gives a maxt mum gaine

(v) a voltage drop of about 1 V is gllowed across the
emitter remistors of h.f. transistora for atabilization

of the working point.

(e) a drop of 3.5 volt 18 allowed across the decoupling
resistor from the avdio output stage, so that the
decoupling resistance can be high enough to make a

very high decoupling ceapacitance unnccessary.

(11) Signe) Demultip)exer

A grovp of castaded flip flopas used to store related
bits of information is known as & regiater. A register that
is used to assemble and ptore information arriving from g
sorial source is coalled s shift register. Each flip-flop
output of a shift register 18 connected to the input of the
following flip flop, and a common ¢lock pulse is applied to
all flip flops, clooking them synchronously. Hence the shift
register is g oynchronous seguentisml circuite. Registers are
data storsge devices that are most sophistionted than latches.
They use edge triggered flipflops, Shift registers ean de
classified into five classes -
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1. Serial-in, serial-out shift registers

2. Parallel=in, serialeout shift registers

S serial-in, parallel-out shift registers

4. Parallel-in, parallele-gut shift registers

S Parsllel~in, parallel-out didireotional shift registers

Shift registers are used in a digital system for temporary

information storage and date manipulation and transferring.

A voltage comparator (VC) senses the relative polarity
of the differential voltage applicd to the comparator's two
inputs. The output of an $deal VC will be at a voltage level
corresponding to a logic 1 whenever the difference voltage
existing between the non-inverting and inverting inputs in
positive, or

v

oyt ™ 10811 when (V_=-V_) >0

when thig difference voltage 18 negative, the VC ocutput is

a logioc, O, oOr

Vout ®108ic O when ( V-V ) <0

The output of an ideal comparator changes state when V ™ V_ .

An fmportant application of a VC is a2 level detection.
A reference voltage and an inrut signal are separately
applied to VC inputs. The VC output 1s at a low voltage level
- (logic O ) whenover the input is more negative than the referenct
voltage, it is at @ high level ( logic 1. ) whenever the input
is more positive thar the reference.
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The VC is equally functional i1f the inpute and
reference voltags terninals are interchanged. This reverscal
of terminals will simply invert the output voltage wave shape.

Figure 8 shows the functional diagram of the De-multi-

prlexer. The output of the receivers is connected to one input
of each of the four AND gates. The other four inputs are connec-
ted to the outputs Q,, Q@»Qpe Ay Of the 8-bit parallel-out
shift register. A clock pulse of pulse width 25 m sec is applied
to the shift reginter from an astable multivibrator. The clock
pulse is also applied to an inverter and then after difforen-
tiating it is applied to « momostadble. The output triggered
pulse of the monostable goes to inverting input of the opers-
tional emplifier used as a comparator. The non-inverting input

the operational amp. §s connected to the output of the receiver.
' The comparator output is applied to the mode control terminal
of the shift register.

The working of the demultiplexer ia explained delow.
At the negative edge of the clock pulse the monostable gets
trizgered and it gives an output pulse, the pulse width of
which 18 less than the width of the pulse generated by the
monostable in the rultiplexers.The pulase of the wonostadble of
the multiplexer has bHeen transmittod along with the intellipence.
These pulse after receiving applied to the non-inverting input
of comparator alon”’ with the intelligence.
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The comparator compares the two inputs and generally
gives a negative output which the diode connected at the output,
blooks &t here. As shown in the figure~9 for the period d'e’

a positive pulse pppears at the non-inverting input and there
18 no input at the inverting inpute This gives ) pulse which
reset the B-bit parallel out phift register, At the negative
edge of the clock-pulse Q 5 Boes high for 25 p sec Whatever be
the signal at the input of gate 1 will be tranamitted. For the
next 25 p sec Qp goes high and all others remains low. There-
fore no intelligence will be transmitted. For the next 25 m sce
Q. &oes high and the signal at gate 2 will be transmitted. When
the last intelligence has been transmitted, the monostable
generates their pulses, wh ch again the comparator, compares
and resets the monostables. The four signals are obtained at
the output of the four gates in the shme serial order as they
are at the input of the multiplexing system.

Flip=-flops programmed as counters are uaged in a wide
variety of counting application in aacientiﬁc instruments,
industrial controle, computers and communication equipnments,
as well as in many other areas. The dbasic functicn of a counter
is to ' rememdber ' how meny clock pulses have been applied to
the input, hence in the most basic sense, counters are memory
systems. They are used for counting pulses, equipment operation
sequencing, frequency division snd mathematical wmanipulation.
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Because of wide range of applications for counters they are
differing in complexity, functional versetility, speed, power
and cost depending upon the specific need.

Counters are classified into two types, the ripple or
asynchronous counter and the synchronous counter. A ripple
counter 18 gn seynchronous sequential circuit, hence the namne
agynchropous counter. A synchronous counter is a aynchronous
sequehtial circuit. All flip-flops in a synchronous Counter are
undeyr the control of the sawe clock pulse, whereas those in an
aaynchronous counter are not. All counters are made from a
set of Ilip-ziapa in merien. Although each individual flip-flop
in a counter uay be edge trigrered or master-slave, the clodk
to the counter 1s of the edge trigeexr type.

Figure shows the functional diagram of a 4-digit seven
seguent digital display. It consists of 4.. seven segment, ¢-mmon
‘cathode L.Es D's. These are driven by 4 IC's 7448, a BCD to
T-segnent decoder/driver. The input to 7448 is applied from g
4=bit latch 7475. These latches are used as temporary storage
for binary information Detween processing units and input/output
or indicator units. The 7490 used is a decade counter.

The functioning of the counter i85 explained below.
The sigral is .pplied at on¢ input of the AND gate. The other
input 15 a clock pulse. the pulse width of which is adjusnted
such that 1t remains high for a period 1 sec in every cycle.
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The output of the ARD is applied at the input of the decade
counter 7490. There are four decade counters which are connected
in series., The gate will remain on for 1 sec when the clook
‘pulse goes highs The input is transmitted for second to the
counter and it counts the numbeyr of puleses for that period.
After one sec at fhe negative going edge of the clock pulse a
differented pulse which 1ia generated by the circuit ghown in the
figure 1s applied to the clock input of each latch. The latchos
then enabled to update the data which is stored for 1 second to
the display. The differential pulse i3 aprlied to the monostable
for trigrgering, The triggered pulse again get inverted and di-
fferented. This pulse is gpprlied to the reset terminals of the

. decade counters. The decade counters then agein get realdy for
counting of the next information. Thus the 7475 will update the
data after every one second and whatever we the numdbers on the
LED's will remain conatant for one second untill the new data

comes in.

If£ the input pulses are equal to or lesa than 9 the
first counter 7490 will count it. When the pulses exceeded
than 9 and less than or equal to 99 per second the first and the
second counter will count. The second counte. will pass only
one pulse to the third artei every hundred pulse per séeond.
Similarly the third decalte counter will paass one pulss to fourth

- decade counter after every 1000th pulse per second. The whole

counter will count input pulee upto 9999 per second.
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L1ST OF JIMPORTART COMPONENTS

The following 4s the list of the main components used
in the fabricstion work. '

l. 566 - Funotion Generator 2 No.
2. 7492 divide by twelve counter 2 Ro.
3. 741 Opes ampe 2 No.
4o 7408 quad 2=input ARD gate % No.
5. 7402  qued 2-input NOR gate 1 Fo.
6. 7400  quad 2-input NAND gate 2 No.
7. 7404 hex invertey : 2 No.
8. T495  4-bit right ehift, left shift 4 No,
register
9. 555  Timer 5 No.
10. 7490  decade counter | 7 No.
11, 7475 A-bit batoh 4 No.
12, 7448  Yed to Twsegment decoder/driver 4 No.
13. GSeven segment common cathode L.E.D's 4 No.
l4. 2N 359 | 4 No.
15. 2N 3019 _- . 1 ¥o.
6. 2N 2012 2 ¥Ho.
17. BF 194 | 2 Ro.
18. BC 148 4 No.

19, BF 195 D : 1 No.



20. BF 195C

21. 4.3 v zondrs

22. OA79 diode

23. IJ.F.T.'s sets, P104

24. SIT 200 photo~transistor

25. 4~ pole band switch

1 No.
4 No.
1 No.
2 No.
1 Noe.

1 Bo.

In addition it consists other minor elements like

resi stonce capacitance etc.

1.
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The photo transistor gives a signsl of 2 »A reme 8. uwhen
the motor is operating, The signal is fed to the transducer
amplifier by & shielded wire, All wire connection in the trans-
ducer amplifier should be made by using o skielded wire, Other
vise it wvill catch noise and which will cause some modulation
even if the light buld vhick is 1llumimiting the photo-transiste
48 off and also even the motor 12 not oporating, There is a di-
rect conwrsion of the speed of the motor from r,p.m. to cycles
per sacond as the dise contains 60 holes, A 6 volt d,¢, supply
is applied to the anplifisr and the output has a signal level
of bLets volt as tested on the CuR.0s which is compatible with
1L logic levels for application to auam aircuits,

As shown in the circuit of figure 2(b), a 15 wolt d.c,
supply 43 applied to the circuit. In place of the thermister
six mdsa are used sk the temperatinre sonaing element, At TOOM
temporature the woltage drop across la iz 3.6 volts and the
remining voltage drops across the resistor -53._ The controlled
voltage V, at room temperature is 15-3.6 = 11.4 volts, As the
temperature increases ths voltage acrom th$ diodes decreages
thereby increasing the control wltags, The frequercy is given
»y
2(Vv'. YB.?.

4
R, 617’
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have & some linear relationship with the eontrol woltage Ve

or 1,0, vith the temperature, As e cireuit Lis tested the
output of the V.C.0« 566 has a considerabls d.ce lesvel of adbout
3.5 volts and above it the asignal level is about 8,5 volts, The
d.Ce lavel 4s filtered By connecting a ¢apacitor of -y 47 in
seriss with the output. A 4.3 wvolt zener is connectsd.at the
sutput to make it suitable for further use with digitel ocircuits

Figure 3 showa the oircuit diagram of the woltage to
frequency converter transducers ( V/£), The woltage across the
arsature is fed to a potential divider such that across one
resistance the voltage varies upto 4 volés with respect to
ground as the srmature wvoltage gees to 220 vwolis, The output
voltage of one end of the Ry resistanco whieh is a O<4 volts
signal is applied to the inverting frput of the differsnce
auplifier, The other end of Ry is grounded, The non-inverting
input 1is supplied a constant 15 volts supply., The output of the
difference amplifier voriss from 11 wolts to 15 volts as the
voltage across Ry varles fros 4 volts to 0 volts, This output
voltage i3 fed te the modulation input termiml of V.C.0, 566,
The other testing and regults are the sume as described in the
previcus paragraph, The three signols ure available frem the thr
transducers vith sufficient lovols to apply further to any digi-
tal circuits,

Before fesding thess thres signals to the muitiplexer,
the multipleasr is tested individually, The figure 4 shows the
circuit diagram of the four channel multiplexer, The B.Bit
paralliel out shift register is formed by ctscading two parallsl
in parallel out shift registars , the
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7495%s, A ring counter is formed by conmeeting Qy to the
serial input 1.e, by connecting the pin 16 of the second
cascaded IC 72495 te pin 1 of the first IC ¥, A cleck
pulse of pulsi vidth 25 frsec, 1s applied to the shift
regiaster, which is generated separately by an agtails
multivrator using Timer 555, To start the shifi wﬁster

& pulse is applied at ths mode control mamualily through

a switch, Each of the AND gates and OR gates are tested
that without giving any iunput, the input terminals should
notbe high, If they show high, then wmust bde grounded, . . -
fndividually through 1 K pzesistance, First of all check en
the CeR.0s that the monoastable gives & pulse afiar every
eighth pulse of the clock pulse, Now adjust ths pulse width
as shown in figure 5, Check the putput of the 2«input OR
gate. It only gives the pulse %‘”pmnﬁ& by the mono=-
stabls. Now connect the input 1 to V., ses the output. The
output now contains one pulse of equal width that of the
clock pulse and follpwed by & monostable trigpered pulse
after ssven clock pulse. Similarly connect the input tere
uirml 2 to V,, and ses the output. As shown &n figere 5 (c)
the output will nov contains pulses 1, 3 and 5 only, Simie
larly applying Voo %o various input eombitm:iﬁm, he wt;oln
circuit can be tested. Now the circuit iz ready for taking
input digital signals to b multiplexed,
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The output signal from the multipleser 1z now
reduced by a potential divider to a low lsvel anéd is feed
to the wodulating input terminals of ths tramsmitter
through & eapacitor of 0.1 M ¥, The trenssitier circuit
diagras is shown in the figure 6, The valus of the modue
lating sigmal 1is so adjusted that only 60f% madulation will
be obtained. If the modulation increases aistortion will
b more, The testing of the transmitter is done as §
Disconnect the transformer T from the following stages
by removing the connection from the base of the transistor
2 H 3019, Now sdjust the 1,f,t. T, s that tha escillator
in the common base configuration vill give msaxizam output
signal at 1 Mg, Now connect the base of 2 K 3019 again,
To test the next stage, disconnect the bases of the tren.
siztors in the push-pull and tune the $,f.t. %, to have
maximum output at Mz, Then connect ths trensistors 2
(2 K 3015), Tune the capacitor Cp to have a maximum output
at the antema, The tranamitter fabricated giwves an output
signal of 40 volts when the applied voltage is 10 wolts,
ihe circuit of & superhcerodyns. Hedium wave i.H. receiver
is shown in figure~7, The problems that comss in the operae.
tion and testing are desoribed below.

Ihe term ' squeal' ! oscillations?, and *motorboating'
are often used interchangeadbly, depending cn the rroquohcy
of the oscillations, High frequency oscillations m usually
referred to as sequeals, and low frequency enc:s &s motore
voating. |
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The two most common causes of oscillations are
open and lesaky byepass capacitors, ususlly eisstrclytics,
Take & 20 F 15 volt capacitor and tied one ead of it to
the ground and move the free snd to each connwetion on the
printed board. ¥han you reach the defecting eapacitor,
the radio will start playing.

If bvy-pagsing capacitors doss't stop escillations,
then you need to isolate the offending stage or stages sven
further, This can be done by lowering tbe gein of the sus-
pected stage, If the cscillations stops, the trouble is
closs to 1t, The simplost mwethod of lowering the giin in BF
nixer and IF stages is to load the stage with a resistor,
For exsmple, if it is suspected that an i,f, stage of '
oscillating place a 10 K across the i,f, trensformer, If the
oscillations stops, it i3 & good bet that the troudls is
in either that stage or the o following. 1t mm be
renexbered that a resistor across the transformer is not
n'nun, even, if it stops the troubls,

| If turnirg the wvolume does not stop the eacilla.
tions the troubls must 'bc in the andio circuits, As in
other stages it ean he caused dy open elsctrolytes, espe
eially those on the pattery supply line, Oscillations mey
#120 be caused by incorrect phasing of & replacement trans-

forwer, where inverse feedback 19 used.
by A
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Before applying the signal frem the receiver to t/nb
desultiplszer, the demuliiplexing system shwmld be opersted
and tested individuslly, As dizcussed in t'w ¢ase uultlxl
plexer the shift register is comnected in sueh a V0
form the ring counter, In this cage the mamial stariing
13 not necessary. Apply a pulse at the input instead froms
the receiver from the output of the multipleser vhen
there is no input signal is applied to the muitiplexer,
Now check that the monostable generateos xm‘hu?t equal
time period, The pulse width of the pulsss gemerated by
the monostabls in the multiplessr pust be gredier than
the pulses vidth of the pulss generated by monostadle in
the aultiplnm;j_. Ag shown in Figure~9 a'h' 4s8 greater
than ¢'a', For & period of d's' s positive pulse appears
at the non-inverting input of the comparator, e output
of the comparator will g high causing the disde forward
biased, The asplitude of the cutput pulse from the
operational saplifier is clipped to L3 ¥V dy & gener
diode, 3o that it becomes suitadle to apply te the mode
control of the shift register, If after every 8th
elock pulse & yasat pulsd oocurs at the mods sontrol it
means that both the multiplexer and the desuliiplexers
are tuned, Mov apply the output of the receiver to the
input of the desultiplexsr, Bafore applying check the oute
put of the receiver, It anould“lm mors than § volts,
otherwise 1t is not suitabls to apply to the digital
circuit,
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From the band aswitch, whoscever signal is to be
displayed is connected te the L.digit ceven segaemt
display, The 'dt.uplay should be adjusted by applying in-
put sigml from & function gemmrator at diffeyent fre-
quenciss, The 1 soc timing pulse or gate pulse should de
adjusted until difference votween the input freguency to
the AND gate and the froquency shown by ths L.i.D's displiay
is elinimted,
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The system found practically to be guite iwmune to
jcal disturbances ms bq atmospheric er mm-udo
slesctyr i 02 y BOSD ey« L |

Mé—«j M T aakwi llea Y catacen

interferencet The on déing simple that be have ;?Sua:&y 3
trangaitted frequency signals on an AJ.Ms tyranmittrr, The 2
disturbances cause ths amplitude of the signel to vary, At
the end of the receivar we ars mainly concsrmed with the
fraguency of the signal trensnitted and not with the amplitude
T ho circuit followsq the receiver 18 againadigital circust
vhers we are mainly concerned with the freguency, The
appendix at the end compares AM versus FR vith yespect to
Interference and other rehtid topicse The total cost of

the four charmmel transmitting ajrsten comes upto Ra.1325 at
the presents rates of the cosponents, used. The cost have

very littls effesct with the increage in the nuwwer of

channels,

The sultiparamoter vireless telemetry found vide
acceptance in air borne systems, where weight is always
eritical in obtaining peak flight perfercanze. The wulti.
plaxzing and demultiplexing scheme can be heipful te reduce
systen costs by greatly lessening the number of point to
point cable runs as well as the number of individusl
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componsnts, The wireless telemetry has bsen amd is deing
used in communication between stationary and modils 'objocta
(such as from ship to shore, from ground to aireraft,

from ship to ship or from aircraft to asirfrefy, and more
recontliy from ground to satellite or frem smtollite to
ground, and between satellites known ay apscs communication).
1 & can be used ia oil drilling wells in seas to control
the drilling sachinery from the ssa-shore. It ¢an be used
to trensmit, display and control different parameters of
interests like torque, vibrations, spesd et¢, of retating
machines,
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Koise signals caused by ateospheric static or man.
made elsctrical discharges cieate recejtion problems for
radio signals, If a receiver is designed for recepiion of
MM signals with vide frequency bandwidth and is made in.
sensitive to saplitude variations of the signal, such yendom
interference can be largely ammﬁtod. Thus 3 hag s major
advantage over AM for noisy channel use, particularly in
the mobile service, |

| Interferance between two simultanscusiy r#ﬁiﬁd
signals on the gome or adaéaont channels iz & u,}o: aiffri.
culty ia radic isaepiions L: lhis regpect MM a.lu has
ndvaﬁtasai over AM, in the accompanying rtm&# 9 ftui sigml
a8 represented by phasor A rotates about point 0, A second
sigral of applitude B is received :mulxzamsmaly,g so that
the sum voltage applied to the receiver input is R, As phasor
B rotates through its eycle, the smplitude of R iiu change
greatly, thus the input to the receiver is wuried in amplitu-
de st by signal B, snd in an AK receiver the 23 signal may
cause appreciable smplitude interference with A even though
B 18 quite amall,

If sigmal A is frequency modulated 4a im accompanying
£4g«(b) and an intefering FM signal B is added, the resultant
input to the reeeiver will be R, Phasor B will rotate about
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tho ond of &, und the rosultont R will vopy I3 ospldtudd

ond 220 4dn polnGive phascanglo, Yor $ho coplliunlag choun,
tho varintion @ opproxmioatos 1 rading, op Lilidsatod by tho
eirclo locuo, vom AF tho $vd signals o5 o(d 88 coplatudo,
the phasceunzlo wupiotion cannot be pmoh gecolcr, 2lthouch
tho capdidtnds torintion voudd then o o eovios ¢hat All 50w
coption woudd Lo inpoosiblo,

Ln 171 g0C02U0r ©OR DO £a60 dnconodty. » (o caplitudo
voriationo by clﬁ.ppﬂ.ngx 0dl oigmlo to o eyl iou lovel, this
offoet L0 dndlectod by xoducing the gigmlo o L@ Sopldtudo
£4z0d by Gho c=oll circelo vith contor of 0, [ :340pd0 varite
tionoy o 04¢hor o onplituds rodulagion cn (0 oigml or
to omplitudo voyintdon of R enusod by ¢ho ant-Coping
oignaly con DO POvoveds. Tho voltose offcesive on tho roeoivep
vould thon bo Ffimed by ¢hio dnohod cipclo Bul vorying
£ 1/2 wdinn in phned vith ogpaot to phacoe b I tho
originml £Oqronsy codulntion esuwseyg 440 pne: oo to vary
theovgh 8 £/80 radinnd por hovtan, or 0  ruidnans for

£ o 75,009 kortn ana o o 19,000 hor@n, 4% Cin Do goon that
tho phneo varistien ¢f ¢ 1/2 »adinn duo to IntIefoproned 1o
@ito oralle I2 20 o 950 hortn for the como vodmd of B,
thom ko Copisod oignal phoco varintion wsudl DO 500  rpadians,
fupthor sofueing tho offoet of tho Antorfopc. e

Tho offcet of the intorforing nizil .24 bo poducod
by vidondng ¢ho £eCquency band of tho oipnnl . dncgonosing £,
cugficlontly otrong signalo bodng Cosurod, .0 rGotvong A0
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is credited vith dexonstrating that incrsased bandwidth
of signal does reduce interference when thes simmal is
definitely above the molce Jovel,

It wuld appear that amplitude modul:iion at a low
devel, followed by amplification to raise the power level,
would provide a saving in power and cost over the high lavel
AM methods dlscussed. If such ampiification is nmrtakm
vith a class C amplifier, operating into saturation, voriae
tions in input voltage will have only small offect on the
output, or the modulation wuld be stripped of # the
carrier,

Howaver, the output voltage of the Cligs B radice
frequency amplifier im & direct function of input voltage,
%0 that such a circult will properly amplify un AM signal,
Such linsar cluss B oircuits are widely uged, particularly
to raise the power level of 85B signals origimlly generated
at low lovel,

Mere 46 no such problem in amplificetion of M
8 1gnals, since .ae amplitude is constant, Gl.us C amplifiers
with thair high efficiensy, are used to raiss tha pover
svel of FM signolas,
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