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In a c un cation s stem or a its control system 
sosetimes it is jmpossib1s to connectt the tV* systess by wire 
links,, say be due to scae enviroissataZ eon&ttions or other 
reasons. Jor ramp , CoEsunicatloft b twon stat To ry and 
mobile object such as ship to shore, fros ground to aircraft, 
from ship to ship or from aircraft to aircraft or between 
satellites tts C known as apace cosmtueat n),, the control of  

sachinery trca outside and there are otter numerous 
exp +s iere the communication between the two .systems by 
afire links Is ipossible. in aU such cases the radio coesunica . 
tion by wireless is the on3 atteriutiis. 	, 

A digital aultipezing tem o for t`n~  

has been designed fabricated and tested for tram ,AUng four 
psrss.tsrs of a d.ó. shunt motor on a I W,, I Z4Rz A.14. trans. 
sitter, fLriariy a digital dsa4tipk has boon designed 
fabricated and tested fen disp2sying the for signals, the 
exact replica of the Input signals, o a digital display. The 
tiho2s system is designed and fabricated by veins the third 
generation technique i.e. integrated dreuit tscb oaogy, lastly 
for tr*nsaittjng a 3 rgo number of si ► ,s ever a certain di$tan 
ai it will be definite ► draper than the other systems and 
also mere reliable, 
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IATR0.DUM4x 

Tranom.t.aion of intelligence by radio is based on 
modulation. Modulation to a process by which the message 

to be transmitted io superimposed at the sending and of 
a radio link as a modulating signal C or simply, the sig-
nal) on a strong carrier were, thereby changing the latter's 
amplitude, frequency or phase. the modulated carrier in 

radiated by a transmitting aerial as a wave of eleetro'-

magnetic energy which propagated through space at the velo-

city of light. 

At the point of reception the modulated wave is 

picked up by a receiving aerial and Xe fed to the receiver 
input. In the receiver, the signal is separated from the 
radio-frequency carrier and drives the receiver load, which 

may be a speaker, a recorder, a cathode-ray tube etc. 

As an eleetrosmegnetio wave travels away from the 

transmitter it is 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 oommunicetion, broadcasting, navigation:  radar, and tele - 
control. 



Radio communication is the transmission and reception 

of messages without wires ofwave guides. It includes ooau--

nication by radio telegraph, radio telephone, radio teletype 
writer and tslevi siono It is the only method of oommunice.tion 
between stationary and mobile objects ( such as from ship 
to shore, from ground to aircraft, from ship to ship or from 
aircraft to aircraft and more recently from ground to sate--

llites or from satellites to ground,#  and between satellites, 

known as apace communication), 

Radio broadcasting is radio transmission for general 

reception, Including speech, music and commercial television. 

Radio navigation is the use of radio facilities for 
deter®ih!ing the position or direction or both of ships or 

plane ii 

Radar ( i hicb is an sero; for Radio Detection and 
Ranging) is a technique for determining the range and berg- 

inge of objects ( usually called targets) by the transmission 

of beamed high power signals against reflective tergete, the 
reception of the reflected signals, and the presentation of 
the resultant data on a dial or a cathode ray display• Rader 

may be used for marine navigation, gun (fire) control, earth 
surveillance from the air etc. 
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T+elecontrol is a technique for control of machinery 
by radio. It is the process by mbiah a measurement of a 
quantity is transferred to a remote location to be recorded, 
to be displayed, or to actuate a process. Radio.-frequency tele-
metry utilises a radio wave type of carrier to transmit infor-
mation from one location to another* The wireless telemetry 
uses a. trans tter which transmitte the measured data or signal 
and displayed, recorded or controlled from the receiving end. 
It eliminate* all cable connections as with the case of remote 
control.,, since,, in some cases we are restricted to use cables 
for transmitting data from one place to the other place e.g. 
flight test of aircraft and missiles etc. 

We can transmit only one signal at a time on the 
transmitter. That if a number of signals baa to be traEns-
mitted, there must be some arrangement ouch that at the recei-
ving end we can again get the same signals separately from one 
receiver. A multiplexer solve this problem. Multiplexing is 
a technique in which data from several signal. sources ( or 
channels ) are combined in a prescribed orderly fashion onto 

e; 
a single*.A digital multiplexer has been designed which is a 

.circuit that serially switches a number of different digital 

signals onto a single line or chancel. Similarly a Demmulti--
pl er is needed at the receiving end to convert the output 

of the receiver into the different sigrals that has been 

transmitted. 
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The Multiplexer and the Demultiplexer employ gates 
Brie. ©R, AND, Inverter and shift registers, Astable multivibra-
tore, sonoetables and a comparator. The output of an OR 
assumes the 1 state if one or more inputs assume the 1 state. 
The output of an AND assumes the I state if and only U all. 
the inputs assume the 1 state. The output of an inverter cir-
cuit takes on the 1 state it and only if the input does not 
take on the l 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 assemble and store information arriving 
from a serial source is celled a shift register. The eohematio 
block diagram is shown in the figure 1. The t/f converter 
transducer is a temperature to frequency converter which sen•-
see the temperature of the motor and gives a corresponding di-
gital signal. The sensor employs six silicon diodes. The V/f 
converter transducer converts voltage across the armature of . 
across the shunt field into a corresponding digital electrical 
signal. The s/f converter transducer is a speed to frequency 
convertor. It employs a photo-transistor with a rotating; disc 
containing hole as a sensor. 

The , four signals are then fed to a multiplexer. The 
output of the multiplexer is transmitted by a I tI, 1 MHz. 
A•?• transmitter. This whole comprises a one unit called a 
multichannel signal transmitting system.. 



The signal transmitted Is received by a tedium rave 
superheterodyne receiver tuned maximum at 1 MHz. The receiver 
output is fed into a De-multiplexer. The De'multiplexers output 
are the saw signals vhioh are fed to the multiplexing eye-. 
tern. The output is connected through a band switch to a 4-digit 
digital display'* This whole is called a multi clan el signal 
reception and display systru. 
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MULPICIIANNEL SIGNAL Tit 	^TINGS SYSTEM 

The four parameters of a d. o. shunt motor, namely, the 
speed, the temperature. the Voltage across the field winding 
and voltage across the armature are eonke ►ted to digital signals 
by the transducers, a/t, convertor, t/f convertor, and v/f oon-
v rtor. Followed by a four channel mltiplexing system. The 
output of the multiplexing system to applied to a 1 W, I M'z A.M. 
tran1tter. The design of these individual systems is denorib-
ed below. 

(i) 8D554 to, Preu..9 nvertpr Transducer f e 
The Figure 2(s) shows the complete circuit of the speed 

to frequency convertor. A photo-transistor speed transducer 
is fabricated to convert the speed of the motor Into a frequenog 
signal. It consists of disc of 1.5" diameter. 60 holes each of 
1/8" &t*. are made on a circle of radius 3.5" with equal spacing 
on the disc. This disc. is mounted on the abaft of the motor. 
A photo transistor stor SIT 200 is mounted at one side of the disc 
and a bulb on the other side. They are aligned In such a wave 
that whenever the iho1e from the die@ comes In Seet of the bulb, 
the light crosses the hole and fells on the 3unetion of the 
photo transistor. The output of the photo-transistor is a 
series of pulse train, the purrs width of which is dependent upon 
the speed of the motor. Since the amplitude of the signal from  
the photo-transistor is very torr, and to convert it to a level 
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compatible with TTL logic levels„ it ie' followed by an audio, 
amplifier. 

(ii) 	Te 	a F e 	t3 eoeLr 
Figure 2(b) shows the complete circuit of a temperature 

to frequency convertor. A thsrsistor or a series bank of six 
silicon diodes are mounted on the motor, so that whenever the 
temperature of the motor changes the sensors resistance will 
change. IC 566, a voltage controlled oscillator, is used to 
convert the temperature to frequency. The sensors i.e. either 
the thermistor or the diodes forms on. atm of the potential 
dividsi; The supply voltage V., In 15 volts. The control 
terminal voltage should be In the range 3/4 v+  j Yo  I *4 

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

i`(V'- Y0) 
fa y 	, 

The output of the 1C 566 is gound.d through a 4.3 Y, 
.Zener diode to eliminate and to maintain level suitable for 
TTL devices for further application* 

The voltage across the armature is reduced to a mmamum 
of 4 volt signel by a potential divider as shown in figure 3. 
The signal in then applied to the inverting input of the 
difference.. amplifier. The operational amplifier gives an out-
put ranging from 11.5 V to 15 volt as th. voltage varies from 
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3.5 volts to 0 volts. This signal is equitable to apply to 
the control terminal of XC 566, V«C.O., whose supply voltage 
it 15 volts. Since the control voltage should follow the 
relation 

3/4 V*  < Vo 	V 

The frequency of the output signal is given by 

2(V '.V ) 
fo • 	

nlC1V+ 

The output signal Is first of all passed through a saner diode 
to malce it suitable for further application to digital circuit*. 

(3y)  fliaita2 Signal Multiulezer 

Muitipiexing to a popular technique in which data 
from several signal sources C or channels) are combined in a 
prescribed orderly fashion into a single transmitting line. 
The digital signal multiplexing can be simply pictured as a 
rotating commutator that momentarily and sequentially connects 
each of the several digital input signals to the single common 
output. A digiitel signal multiplexer, then, is a circuit that 
serially switches ► number of different digital Input signals 
onto a single channel. 

Figure No..4 shows a functional block diagram of a four 
channel digital multiplexer. The one input of each of the 
four AND gates Is connected to the four input digital, signals 
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to be multiplexed. All the four digital inputs are cops--
patible with TTL logic levels. The other corresponding 
four inputs to the ARD gates are the four outputs QA. QQ• 
QB and QQ, of a 8-bit parallel out shift register. All the 
four outputs of the AND gates are applied to a 4-input OR 
gate. The last output of the 8-bit parallel out shift 
register, QH* triggers the monoetabls, th+ output of which 
is applied to the, mode control of the shift register. And 
also this output, with the output of the 4-input OR gate 
forms the input for a 2-input OR gate. 

The functioning of the multiplexer can be described 
with the help of the figure No.5, A clock pulse farror an 
aetabl• multivibrator of pulse width 25 *see as shown in 
figure 5(a) , ii sppliedt the clock input of the shift register. 
As shown in the figure 5(a), at the trailing edge, a, of the 
clock pulse the output QA goes high. The AND gate 1, will 
pass all the signals which appears at the input of channel 
Ro.1, until the trailing edge, b, reaches. At this point QA 
goes low„ and % gaper high so from the t. edge, b,: to os 
no gel goal will be transferred. At the trailing edge, a, QC 
goes high and the outputs, A' B' %%' QQ' QPt too d Q1 X~ 
mains low. It will transfer the signal untill the next 
trailing edge appears. This procedure continee upto the trail-
Lug edge, be at which the obannel44 has been Just enhibited 
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to transfers the signal. At this trailing edge Q goes high 
which triggers the monosteble. Now the outputs of the AND 
gates sequentiaU goes to high depending upon the signal pul--
ses appearing at the input of each channel for a period 25 j see. 
maxima. These outputs are applied to a 4-input OR gate. The 
output of this OR gate transfers the information for 25 $a see 
of the first signal C or channel ) then after the elapse of 
25 eeo again it transfers the second signal for 25 u sea and 
so on. The output of this 4-input OR Sate is applied to the 
2-4nput OR gats as shown in figure 4. This 2-►input OR $ate 
posses all the information of the previous OR gate. In addition 
it also transfers an output pulse from the monostable of 
pulse width T a #1  + (t, < 2t1  + t2, mob appears Just 
the fourth signal has been stopped from transferring. 

The output of the mo noetable is miss applied to the 
lode Control of the shift register. The triggered pulse of 
the s000etable resets the S-bit parallel but shift registers. 
At the trailing edge of the 9th pulse, 3 0  QA  goes high and 
thus the cycle starts again till the monostable again resets 
the shift-register. 

The output of the OR gate or the multiplexer contdha 
oasrplee of information of sneb signal for 25 u sec,oue at a 
time, and a reset pule* from The monoetable. 

C,) 1V, .1 wit=  ,AN Transmitter 

The circuit diagram of a 1 W, 1 MJi, A.M. transmitter 
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is shown in the figure 6. It comprises of an oscillator, 
modulator, R.P. pry-arplitier,, RJ. power amplifier and ante-
nna. The design of these stages is given below. 

Pot' the f ll waw a mt#vna the length of the enteena 
Wire 

a 	 3 x 104 ems 
1* 10 

a 300 metres 

Push nil  
~IMirMr~ i~11~~A~111MIFA~iI 

The puah ull transformer which is driven by two 
transistors 2 N 2012, 1WA, consists U/23/32/7 ferrite U-core 
aaeamb1t as the core of the transformer. The ferrit, core 
not ham 

Effective length 	le m 74 sm 

Effective area 	,fie • 61 J 

For calculating the inductance for the above core any one 
at the formulae given below can be used* 

( all unite in M. K. S. ) 

1520 - 2800 	 ((.L F) 

or Na 92 It 	 (1 )  

whereI in aH. 



In the class-B push poll stage, the t can a .o• power output 

POUt 

 
is given by 

Pmt ~• 	
BCe 

Since the supply voltage is 10 volts we can take 

V' a 	 a 5.66 volts 

Pout 	. 	1 Watt 

2  
R 	- 	r. m. s. 	a 32 0 

out 

For the U-core nssemtly the working Q ( i.e. Q ) can be taken 
between 10 and 20. Let + e take tv a 12.Tbe urloadod Q0 is of 
the order of .230. Bopau r. +Q )> t ; 9 the dyn,nio Impedance of 
the circuit at resonenes, In e+ffectiv*ly equal to R0, the collec- 
tor load. Thus 

Re .s '4L tU 

R 	4x10 

a 92 1 	whore► L in R 

a* 1.9 a 	2 turn a 

L s 	z 10-6 H 
2. 12  

•~ ra 	2 turns 

1s 



The output voltage eeroee the secondary of the trexisformer, 

let be 60 volts peak to peak 

• 
a~ s 	s 30 turns 

To find the ztuel inductance, the inductance of neo * winding 
is 

-x..21x10''" HO 

t4 	TLj 2 

* 0.5 	 ' 3.8 z 10 H 

Total pr.tmarr winding inductance 

L's L +Mm 4.27z1~ H 

C . 	..- .1—~...~...,.« 	,M, 5,92 X20"' 
2,i t) 	' 

CT ' 	( 	) 2c a 27 p. f.. 4 

EJ. Tranaformor T2 

The transistor, used in the push pull stage has 

h 'c Min " 50 
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We have chosen 	 a 9 volt 

ei!d Pot 	~e l wet t 

now Yt,.®: e. 	y~ ! 
~o r. aY1 P3! 	 out 

io the collector current 

S 5 
o ri•s.&i 	 2/a/ 

fo p--p 	• 	'"- 	a 250 =A 

• 

» 	base currant 

'b r«mi . a 	5/ Y2 	mA 

Vb pup 	I YOU 

V. r►im» ~►. " 	?0? volt 

Bans porerr input 

- 5/ (2 	1/V' 2 • 2.5 mW 

• 2.5 z 14103 

Zia - 200 a 

L 	"" i ce 	► 52* z 3LO, 

( so , Q.,, > 25 ) 
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. 	n2 - 135 11 L 	where L in aH 

• 4.1 turns 

• 5tar s 

. ~. 	1, ,► )2 x io'3 	• 1.37 2 14" if 

312 • z 	a 5 tun s 

n2 + x 	an lA turns 

Total inductance L a ( 	2 z 1073 B 

go 5050 z 1v"6 H 

We have taken the turriftg capacitance 

0 a 820 p. i'. 

. • Total priniary inductance 

L" a 	1 	a 3.O6 x 105 H 
(2n f) 0 

L'a L1 +M 

+1c 
Now 	14 • 	K 	+ ..yam. 

•45:1 +2.415 z 

L' a L +«45Ll +2.475x20-6 

3.09 x 10-5 a L' - 1.45? +2.475x10" 



We can u' alcu2 ate r1  

• [IL L. 1 	• 28 turna 
No /)A A 

Oeoillatox Traneformer 'T1  

Let to take CT, • 2000 p. t. 

L • 	 • 1*27meICS it 

.. 	"' 
	

- 40 turns 
or 

Now 

L 1927214'5  H 

D2  *a 133 YL 	ester* L In rpt 

13.2 	r 16 tue 

mutual inductance, 

M . l 	L1  L2  

- .5 J L1  L2  - 	• .635 x 10 H 

. 	L'* 1.905z10 5  H 

C' ' 1 	
-0 1333.33 p.t 

2%t2 L 
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Multiplexed signals are received by the receiver and 
the demultiplexing system separates out the four signals 
again into the same form ae they are, when applied at the input 
of the zmaltiplext.ng system. The output of the de .tiplexer is 
applied to a 4 git LED display through bad switch. The indi-
vidual circuits are described below. 

(i) Reg vee 

In a enperhetrodyne receiver, the incoming r• f. signal 
La amplified and converted to what is called the intermediate 
frequency. The i.f. signal is then amplified and detested. 
Prequenoy conversion is effected in such a way that the envelope 
of the modulated w ►• is preserved. Since for any signal frequen- 
cy cy there is one and the some intermediate frequency, , I t is easy 
to build the i.f. circuits of the requisite band width and high 
selectivity. 

The Serial input circuit and radio—frequency amplifier 
have but little effect on receiver selectivity on short and 
ultra abort waves, and only improves the receiver'sensitivity. 

23 



The frequency changerr consists of a mixer and a local 
oscillator. The latter is a low power self excited 
frequency oscillator which generates a epi gnal at a slightly 
different frequency from the .r.f• signal, fa:0 

Frequency conversion is obtained in the mixer which 
aocopte two aignela , the incoming r. f. signal f5  picked up 't ' 

The aerial, and the local oscillator signal to. The intexnediate 
signal at the output of frequency changer usually is a d: ffer-
enoe frequency 

to -"to afi  

The intermediate frequencyamplifier operates at a 

constant frequency and anplifies the iw.f. ,signal to the value 
required for the coral operation o,f' the detector. 2 »f. a!pli-
fiers are usually band--pace arapUifere whose resonance cherac-
terietiaa is nearly rectangular In this way high selectivity 
can be obtained at uniform amplification within the bnndvidtb. 

The audioofrequenoy amplifier builds up the audio 
frequency signal . to deliver the power output or output voltage 
necessary for the operation of the terminal equipment 
(load) . 

In addition to high selectivity and. sensitivity, 
superheterodyne receivers show better overall performance. 
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The complete circuit diagras of the receiver is shown 
in Pig.'?. Se , transistors mod one geeaen.iur diode are used 

in the basic feum of the receiver. The BP 194E is the frequency 
Changer and the two BP 195 form the I+ amplifier. The detee-
teotor is the OA 70 germanium diode. Four transistors made the 
audio stages, BC 148 In used as an audio frequency pre-
amplifier, the next BC 148 silicon transistor in being used to 
drive a matched pair of AC 128 C the 2- AC 128) in the transfer'. 

mere push-pull output stage* The aerial is a fete rod whioh 
gives the required selectivity and sensitivity and can be 
coupled conveniently to the frequency changer. The oscillator 
and antenna coil connections made as under. 

C9115 co 	d 

( 08E Coils ) 

White 	- Collector a 
red  
green gong 	9 
yellow 	- emitter e 
black ground a 

(antenna coil ) 

green 	 gang 8 
blue 	 base b 
black 	- 	ground 0 

red 	- 	loop aerial I 



2? 

The loop antenna is a rectangular of air,* ii" x 6" of "1O is 
wire. Instead of guns two trimere of 0-50 p.f• are used to 
tune the circuit at our required 1 He frequency. The standard 
i.f. of 465 We Is used and the local oscillator frequency is 
above the signal frequency in accordance with normal practice. 
The BY 194 B operates as a self-oscillating mixer. The r.f. 
signals from the aerial coupling coils are fed into the base of 
the BY 194 ► which produces its own local oscillation by means 
of feedback from the collector to the emitter. The i.f.  is 
selected at the collector of tl~e BY 194 by the first i.f. 
transformer P10 

The i.f. amplifier consists of two 1F 295 operating 
in uanilaterali sed grounded emitter circuits. Singly tuned 
1..f. transformers are used here. We can also use double tuned 
i.f.  trreneformere to Improve either or both,,. -the frequency 
response +a# and adjacent channel rejection. 

The third 1.t. transformer T3 is connected to an OA ZEA 
detector diode which provides an audio output and a. d.c. output. 
The d.c. output is fed back to control the operating current 
of the first i•e• transistor so provid Ing automatic r'ain control. 
The audio amplifier is the same as is the transducer , plifler 
except the transistors used in output stage i•e. in the push 

pull transformerlees stage are a matched pairs of AC 128 instead 
29 359• 



A battery voltage of 10 V is selected and this voltage 
is allocated in the following weyy 

( a) 	the h M f. transistors work at the collector emitter 
voltage of 6.5 volt which gives a mead mum gain. 

(b) 	a voltage drop of about I. V is allowed across the 
emitter resistors of b.f• transistors for stabilization 
of the working point. 

(o) 	a drop of 3.5 volt is allowed across the decoupling 
resistor from the audio output stage, so that the 
decoupling resistance can be high enough to make a 
very high decoupling capacitance unnecee9ary. 

(ii) 1 jgn3 ?fie 	i 

A group of Oaeoaded flip flops used to store related 
bite of information is known as a register. A register that 
is used to assemble and store information arriving from a 
serial source is called a shift register. Each flip -flop 
output of a shift register in connected to the input of the 
following flip flop„ nd a o+ on *look pulse is applied to 
all flip flops, *looking them synchronously. Hence the shift 

register is a nynobronoun ,eequeotiel circuits. Registers are 
data storage devices that are most sophisticated th latches. 
They use edge triggered f .ipflops# Shift registers can be 
classified into five classes 

N 



1. 	Serial-in, serial-out shift registers 

2• 	Parallel-in, serial-out shift registers 
3. eeriai-sin, parallel-out shift registers 
4. Parallel-in,, parallel-out shift registers 
5. Parallel-in, parallel-out bidirectional shift registers 

Shift registers are used in a digital system for temporary 
information storage and data manipulation and transferring. 

A voltage comparator (VC) senses the relative polarity 
of the differential voltage applied to the Comparratorf a two 
Inputs. The output of an ideal VC will be at a voltage level 
corresponding to a logia I whenever the difference voltage 
existing between the noxa-  inverting and inverting inputs is 
positive, or 

Vout = logic I when ( V - V) >0 

when this difference voltage 3a negative, the VC output is 
a logic, 4, or 

tout * logic 0 when { V+ - v.) < 0 

The output of an Ideal comparator changes state when V* • 9 . 

An important application of a VC ie a level detection. 
A reference voltage and an inrut signal are separately 
applied to VC inputs. The VC output is at a low voltage level 
(logic 0 ) whenever the input is more negative than the reforene~ 
voltage, it is at a ?sigh level ( logia 1.) whenever the Input 
is more positive that the reference. 
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The VC is equally functional if the input- and 

reference voltage terminals are interchanged. This reversal 
of terminals will simply invert the output voltage wave shape. 

Figure 8 shove the functional diagram of the 	multi- 

p3,exer. 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 t A. Ctc' QE' QG of the 8-bit parallel-out 
shift register. A clock pulse of pulse width 25 pz sec is applied 
to the shift register from an aetable zaultivibrator. The clock 
pulse is also applied to an inverter and then after difforen-

tiating It is applied to a monostable. The output triggered 

pulse of the zronostable goes to Inverting input of the opera-

tional amplifier used +e an a comparator. The non-inverting input 

the operational amp. In 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 in explained below. 

At the negative edge of the clock pulse the nonoetable gets 

triggered and it gives an output pulse, the pulse width of 
which in lees than the width of the pulse generated by the 

aonostable in the multiple ter. a pulse of the aonostable of 
the multiplexer has been transmitted along with the intellI f ence. 

These pulse after receiving applied to the non-inverting input 
of comparator alon:f 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, 
blocks kt here. Ae shown in the figure-9 for the period d'e' 
a positive pulse appears at the non-inverting input and there 
is no input at the inverting input. This gives a pulse which 
corset the 8.'bit parallel out shift register. At the negative 
edge of the cloa pulse QA goes high for 25 p see Whatever be 
the signal at the input of gate 1 will be transmitted. For the 
next 25 p sea QB  goes high and all others remains low. There-
fore no intelligence will be transmitted.. For the next 25p see 
QQ  goes high and the signal at gats 2 will be transmitted. When 
the last intelligence has been transmitted, the monoetable 
generates their pulses, wh ' ch again the comparator, compares 
and ,resets the monoetabless. The four signals are obtained at 
the output of the four gates in the ame aerial order as they 
are at the input of the multiplexing system. 

Flip-flops programed as counters and used in a wide 
variety of counting application in a scientific Inst exits, 
industrial controls,, ocwmputers and communication equipments, 
as well an in many other areas. The ba sic function of a counter 
is to ' remember ' how many clock pulses have been applied to 
the input, hoaoe in the most basic sense*  counters are memory 
systems. They are used for counting pulses, equipment operation 
sequencing, frequency division and mathematical manipulation. 
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Because of wide range of applications for counters they are 
differing in complexity, functional versatility#  ®peed, power 
and coat depending upon the specific need. 

Counters are classified into two types, the ripple or 
asynchronous counter and the synchronous counter. A ripple 
counter is an asynchronous sequential circuit, hence the name 
asynchronous counter. A synchronous counter is a synchronous 
eequebtiel cizcuit. All flip-flops in a synchronous counter are 
under the control of the sane clock pulse, whereas those in an 
asynchronous counter are not. All counters are made from a 
set of flip-flops in series. Although each individual f ,ipu flop 
in a counter may be edge triggered or master-►slave„ the clock 
to the counter is of the edge trigger type. 

Figure shows the functional diagram of a 4-digit seven 
segment digital display* It consists of 4•`• seven segment#  c +mmon 
cathode L.E. D'*. These are driven by 4 IC • S 7448„ a BCD to 
7-segment decoder/driver. The input to 7448 is applied from a 
4-bit latch 7475. These latches are used as temporary storage 
for binary "information between processing unite and input/output 
or indicator units. The 7490 used is a decade counter. 

The functioning of the counter is explained below. 
The signal is .Applied at one input of the AND gate. The other 
input is a clock pulse, the pulse width of which is adjusted 
such that it remains high for a period 2. sec In every cycle. 
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The output of the AND 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 see when the clock 
pulse goes high. The Input is transmitted for second to the 
counter and it counts the number of pulses for that period. 
After one see at the negative going edge of the clock pulse a 
differented pulse whiob is generated by the circuit shown in the 
figure is applied to the clock input of each latch. The latches 
then enabled to update the data which is stored for l e ?cond to 
the display. The differential pulse is applied to the monoetable 
for triggering. The triggered pulse again get inverted and di-
fferented.. This pulse is applied to the reset terminals of the 
deoade counters. The decade counters then again get ready fcr 
counting of the next information. Thus the 7475 will update the 
data after every one second and whatever we the numbers on the 
LED's will remain constant for one second untill the new data 
comes in. 

if the input pulses are equal to or lees than 9 the 
first counter 7490 will count It* When the pulses exceeded 
than 9 and lees 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 after every hundred pulse per second. 
Similarly the third decaake,  counter will pass one pulse to fourth 
,decade counter after every l0 00th pulse per second. The whole 
counter will count input pulse upto 9999 per second. 
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The following Is the Ilet of the main components used 
in the fabrication work. 
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1.  566 Punctlon Generator 

2.  7492 divide by twelve counter 
3.  741 op. amp. 
4.  7408 quad 2—input OD gate 
5.  7402 quad 2 Input NOR gate 
6.  7400 quad t 2-input NA" gate 
To 7404 hex inverter 
as 7495 4' bit right shift, left shift 

register 
9• 555 Timer 
10. 7490 decade counter 
11t   7475 it Latch 
12, 7448 bed to 7seegment decoder/driver 
13. Seven segment common cathode L, .D•e 
14 • 2N359 
15• 2N 3019 

I6 • 2N 2012 
17• BP 194 

18.  BO 148 

19.  BF 195 D 

5 No. 
7No. 
4No. 
4No. 
4No. 
4No. 
INo. 
2 No. 
2 No. 
4go. 
Iso. 



20. BY 195C ?. Nos 

21. 4.3 V zoners # No. 

22. 0A79 diode 1 No. 
23. =.F•T.'e sets, P104 2 Nos 

24. &[T 200 photo—transistor 1 No. 

25. 4' pole band switch 	 1 No. 

In addition it consists other minor elements like 
rrai stance capacitance etc. 
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The photo transistor dicta a &tVil of 2 'A r.. s. when 
the motor is operating. The signal is ted to the transducer 
amplifier by a ibis i d wire. AU wire erection in the t rangy 
ducer amplifier should be made by us,# a sieldes viral, other. 
vise it will catch noise and which will cause 	 f nodulation 
even I ' the 1it 'bulb which is £1 Lnating the photo••transisto 
is oft and aI even the motor 15 not Ming.. There is a di►., 
soot conversion of the speed of the motor from r.p.ms to cycles 
per second as the din* contains 60 holes. A 6 Volt d,,a. supply 
is applied ed. to the arplifie "` and the output  has a. signal lave l 
of 1. $, Volt as tested on the CJLQ, which is. compatible with 
TTi Logic levels for application to digital circuits. 

AS shown in the circ .t at tie 2(b), a 15 Volt do a* 
supply is applied to the chit. pugs Qf the thsreiitsr 
six diodes are used 64 he temperature 	. ►ng element.  At room 
tesporsture the voltage drop across N is 3.6 volts and the 
remaining voltage drops across the rosiDtor fl3. The controlled 
voltage Vd at ren temperature is 1.3.6 ► 11.4 volts. As the 
temperature increaes the voltage sense th4 diodes decreases 
thereby increasing the control volt 	The frequency is given 
by 

to s 
~ G1 
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have a ,ss linear relationship with tho control voltage VQ. 
or 1.o. with the tape stura. As the 	.tt Is tested the 
output of the V.C.O. 566 has a consaderab]. d..c* level of about 

3,5 volts and above It t* signal level is &bout 6.5 volts, The 
d.e. level is filtered by connecting a C5pacitor o•1 1U? in 
series with ti* output. A 4.3 volt sir is uounectsd at the 
output to asks It suitable for further use with digital circuits 

Figure 3 sows the circuit d g*ea Of the voltage to 
frequency converter transducers (V/f )o : ► voltage across the 
armature is fed to a potential divider such that across one 
resistance the voltage varies ups volts with respect to 
ground as the mature voltage woo to 2 volts. The output 
voltage of one and of the an resistance i ii b is 'o t volts 
signal Is applied to the inverting iiut of the d fference 
seplifier, The other end of 	is grounded. The uon. 4nverting 
input is supplied a constant 15 Volts supp3 y, The output of the 
difference amplifier v vies from it volts to 15 volts as the 
voltage across R3 varies from 4 volts to 0 volts, This output 
voltage is ted to the modulation input terminal of V.C.Q. 566. 
The other testing and results are the sae as described in the 
previous paragraph, The throe sills iro aw i b from the thr 
transducers with sufi'ioient l4evele to apply further to any dig 
tel circuits, 

lefore feeding these three signals to the multiplexer, 
the wultipls~r is tested indivtdt*l y The figure 4 shows the 
oiroui►t diagraa of the four o net mutip].xsr, The &bit 
parallel out sh1 t register is formed by cascading two parallel 
In parallel out 	shift 	regis ws , 	the 
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795's. A ring counter is f'brred by ooct&ng 9S to the 
serial input I.e. by co sting the Din lOot the second 
cascaded 10 	to pin I of the first IC $0.  A aleck 
pulse of pulse width 25 Asecq  Is applied to 'tom sift 
register, which is generated separately by an astatla 
eultivrator using firer 555. lb start the shift register 
a pulse is applied at the mode control anuaL1y through 
• switch. mach of the AND gates and OR gates a* tested 
that without giving any Input,, the Input terminals  tersinals should 
notbc higi. I " they show high, then must be grounded, 
indiriduall r through I K resistance. first of all check on 
the C.R.O. that the morstabl4e gives a pulse after every 
eighth pulse of the clock pulse,. Now adjust the pulse width 
as shown in figure 5, Check the output of the 2u4nput OR 
;ate. It only gives the pupate OMW generated b7 the mono. 
Stable. Now connect the input I to V 	see thQ output• The 
output now contains one pulse of equal IiI4tk that of the 
clock pulse ani. foUpwsd by a sonostab2 triggered pulse 
after sown clack pulse. Similarly aonect the wit ter• 
sir*l 2 to TOO  and see the output. As awn $ fIg r* 5 (a) 
the Output will now contains pulses 1, 3 snd 5 Only*  Simi.. 
laxly applying  Y 0  to various input combl $otic. The whole 
circuit can be tested, tw the circuit Is ,ready for taking 
Input digital .signal to bemultiple, 
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The output signal ttoo the iulti► ►sr is new 
reduced by a potential divider to a low 3asol and Is toed 
to the acdulating input tens► inal$ of the trs ittsr 
through a eapacitor of Ar 1 M f. The trannAttsr circuit 
d3a ►*' is shown in the figure 6. The talus of the sodu• 
sating signal is so adjusted that only 60$ aodu2ation will 
be obtained. If the modulation increases + stortion will 
be sore. The testing of the transattsr is done as 
Disconnect the transformer T, from the fo13.t4ng stages 
by removing the connection from the base of the transistor 
2 N 3019, Now adjust the i.t.t. T1  sc that 0o ac 	for 
in the common base configuration will give  s zisr output 
signal at I $U, Now connect the base of 2 * 3 019 again. 
To test the next stage, disconnect the bases of the trap. 
s ,stars in the push-pull and tune the i,t, t, 11, to bav+s 

dau# output at Mff5. Then connect the tragi:Itoro 2 
(2 N 3019).  Ttms the capacitor CT  to ha s' a arm output 
at the a ntennat  The transai.tter fabricated gt.s an output 
signal of L0 volts when the applied voltage Is 10 ,Olts, 

The circuit of a super earo n.. Medium *.rpt L. 1. receiver 
ii shown in figure..?, The problems that coase In th opera.. 
tion and testing are described below. 

The term squeal' osc .l31ati rs 	and motorboat ing 
are often used interchangeably, 

depending
on  the frequency 

of the oscillations* High frequency cecillstionr are Usu&1]y 
referred to as saqusals, and low frequency * ss as sstor. 
boating. 
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The two most common causes of oscil1stions are 
open and leaky by«pass capacitors, usually elsetrolytics. 
Take a 20 1 If volt capacitor and tied one ss *f it to 
the gourtd and cove the free and to saob cox*ietion on the 
printed board. When you rucb the defecting espacitor, 
the radio wifl start playing* 

If by pesslnd capacitors doss't stop iiCi tions, 
then you need to isolate the offending stage 	stages oven 
further, This can be done by lowering the Ott of the sues» 
pscted stage. U the oscillations stop$# the tro";* is 
diose to it. The sir st u*tbod of lowering the giin in RF 
mixer and IF stages is to load the stags with a r sistor. 
For os pls, if it is eupscted that an t. stage or 
oscillating place a 10 1 across the i.?. trensforcer. It the 
oscillations stops*  it is a good bet that the trouble is 
in either that std or the one followiflg. it should be 

ss bdred that $ resistor across the trtstorsr is not 
* STs 9, *r►tfp it it stops the trouble. 

C turning the ]*ae does not std the esCj .0 

tons the trouble oust be in the audio circuits. AN in 
• other stages It can be caused by open electrolytes, cam'. 

;6i&iiy those on the battery supply  ,"din. Oaci.Uations may 
tarso be caused by incorrect phasing of a rep] 	iant trona. 
to ur#  tars inverse e'er*ate is used. 
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Before applying the signal from the rose iver,  to the 
dawult »pie r the dean t .t .ple 	g , stt►a shegad be opt,  cperst.d 
and tested individusly. As discussed in t Case malt, 
plezer the shift register Is connected in au C1 A 	'% to 
form the ring counter,* 2xi this case the .en , Star ing 
Is not necessary* Apply a pulse at the int Inst . d from 
the receiver from the output of the aultip 	r , er*. 
there is no input signal is applied to the *utijpleir. 
Jbw check that the monostabis generates piai rrct t equal 
time period* The pulse width of the pulses Pr 	ted by 
the monostsbie in the a it le r suet be ,meter than 
the pub width of the pulse Brat*d by monostsblo in 
the aultipsz.r. As shorn in lure s'h' is greater 
than old's 'or a period of d'e' a positive pie apers 
et the non.irwerting input of the oopsrator. 	output 
of the comparator "ll. @* high causing the diode forward 
biased. The amplitude of the output pulse troz the 
operatonel amplifier is clipped to 4*3 V by a*oer 
diode*  so that It becomes suitable to apply to the mode 
control of the shift register. If after every $th 
clock pulse a ros3t pulse occurs at the mode + ntm l it 
moans that both the multiplexer and the daoult pas fors 
are tuned, lbv apply the output of thereceives' to the 
input of the d altiplazrr. Before .►pp r: ,oak the out-
put of the receiver. It ahould,,be more than'volts, 
othes'wiu it is not suitable to apply to the digit► ► 
circuit* 
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►a the band swit~shi, thoaoover sigr4. Is to be 
dtsp3*y►d Sc connected to the "digit ssv ea writ t 
displsy The display ghould be adjusted by app2ying In- 
put sigcitl £'rus a function :;esrato at dif 	tt fx*.. 
quencsiss. The I sea tiauing pulse or gate pu rshould be 
adjusted until difference betws•n the input fir . ► to 
the AXD gate and the frequency ihown by the L.J.Dls 4ispl*y 
is .3teimt.4. 



The ysts found practically to be quits #accts to 

•15etrinLt disturbano.s,iiI7 be atsox h ~ia or ands 

int.rttr#n 	a i*Ion being $iaple that b have aCtua11y , 
t o M F+L (A 

t riiad ttnd frequency signals on an A. M. tranitt4r. The 
disturbances +cats► the amplitude at the si l to Vsry, At 
the and of the rn ceive r we ar. mainly cor e id with the 
frequency of the signal transmitted and not with the amplitude 
T be circuit foUo1f the receiver is agatnqdigital circuit 

re we are mainly concerned with the tquency, The 
appendix at the end *apace# AM versus f with respect to 
Interfere s' and other related topics* The total cost of 
the four channel trane .tting system Wires u; to its.1325 at 
t  presents rates of the 	nsnt s, used,+ Me cost have 
very little effect with the increase in the b sr of 
char nn 15,. 

The suit ipara ter virele ss telemetry found wide 
acceptance in air barns systems, aera weight is always 
critical in obtaining peak flight p.rfornsnG. The - mutt ,-
plsxing and ds*ultiplexing scheme can be helpful to reduce 
system costs by greatly lssssning the rtuiber of point to 
point sable runs as well a 3 the number of indi t l 
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coapon# nt s. 	idrs 3s ss #.3 .tri baa been a•" ii be ing 
used in COMMtcation between stationary uM sobile ub3ents 
(such as from ship to shor+s,, fros ground to air aft, 
from ship to ship or from airacra t to asirEAtt,, and mars 
recently from $round to satellite or fma sated to to 
ground, and between sats2 .ttes, known as $pa+* Communication), 
I t can be used In oil drilling 33$ In "ter to control 
the drilling machinery from the sea sbor.. It can be used 
to transmit, disp3*y and control dtftsrent p.iri..t.rs of 
interests Uka torque#  vibrations, speed eta. of rotating 
mashie 
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Scis. signals Caused by atmospheric static or man... 
nadir electrical discharges create rscs ►lien p bi$ais for 
radio signals, If a receiver is designed for reception of 
F sig *lay with vide frequency bandwidth sna Is mads it" ' 
sensitive to asplitude variations of the sig]. such ndoe 
interference can be lardy eliminated. Thus. Ott bars a ,  major 
advantage over All for noisy cbsrmsl use, Frtierl in 
th mobile service, 

;lnterteronce between t s.iuuit* oUs y rived 
signals on the ssse or sd3acont channe3a Is a s;'o d ffi. 
ouity in r*die 	p 	I. _'rots rs spe3t 1 	has 
advantages over A e  in the accompanying fig*. ) one signal 
as represented by , sor A rotates about point $,0 A second 
signal of scplttuds B Is received s ultu c1fl r , so that 
the sum voltage applied to tho recst°var input is ft„ As phasor 
8 rotates through its cyciC, the amplitude of w,].1 change 
, qtly, thus the input to the receiver Is vd In amplitu-
do art by silts] B e  and in an '► receiver the : signal may 
cause appreciable amplitude interfere rsos with A s ren though 
a is quit* ease 

it signal A Is frequency sodu tad asIn aCcompwving 
fig. (b) and an I ntelring FM signal B is ad d,, the resultant 
input to the r eeiver vii]. be it. asor 2 will rututs about 
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tho oris o ' A Lind t xh ro cu .t uit k t.'tlU va ,~ 	a ~)1 tt uco 
,enc c2oo £'oa U23 	trn ob un, 

tho rim e 	0 Cp rrotk23tO3 I adia 0 LSO~'",... atod by o 
cirolo 1cuo. pavan i.`tho ttt ciC 	ar- oC.=-_ 4s 	cmp3 .tud3q 
the pccmun 	vur t4 on cannot bO z3a c3tu ,' althou 
tho 	?tu2o.mss* tion izud thcn bo co coz: 	t I21 m•, 

LZ coxxor lfin bo £Go incur ., to c p1tudo 
l 

 
vcrtiono by o1ppin all oijn10 to a 	:.;i a lovoll thio 
o `Soot Io 2nd tori by Voduatn tho otn1 t 	p1.ttudo 
fi ►d by tho cU oro10 with coma' c%t 0, LtLb•~ 
U n 	io Qitho to cp1itu2o co du, at io m o oijrr1 or 
to caiy 1itt v3 lation. of B caucod by bo„ ":'';.ornc I1 
sic, o can bo EO'D7Oda 1' o voitajo o oc .Sv) 	ti o of p 
zauld than ba ttcü by thio dchod oiioo b v v; jna 
,t 1/2 voc 1An In D co tea owoct to 	=V 0 '' tbo 
Qrigim. fvogr:)t y It OI CUCOv Sto C) 	to V7 
thuJ 	/t3. s 	OW o 	: ti. for 

?CO) Iotut and ft a 9 $QCO bormmp .t c4-a too morn that 
tho 	rs.d± /x duo to 	OroncO  to 

Ito cam” 	a 150 hortn for 	` o off' rt 
thou MO CDO c Ign pIr co vtCtion t 	500 	thin 

	

v rOO?ucwj tbo offoot of tbo 	o  

	

Ta' I cff: oc o tho intor1oring 	bo cduaoi 
by t & nin ct. ^;froquony bats oO t1 o s 	. , .. nOcoing f 
cu O ,i uQ ri:r7 no 	cti onj  ti [7i ai 1O 	i 	k. ~,~) { .v 3»s~ T •r ? - 	'Lr,- c *# A o ng j c 



is credited with demonstrating that inraa$ed bandwidth 
of signal does reduce interference ihen the sial is 
definitely 	" the rice lovel„ 

Zt vould appear that aaplituda aodu114oit at a low 
i*vsl, followed by a*plttication to ratan thepower levels  
mouldiould provide a saying in pomr and cost over' the high level 
AM methods diecussed, U such ep1ificat.1n is u 	aken 
with a Class 0 amplifier, operating Into satut n, varix 
tions 14 Input voltage will have only small effect an the 
output#  or the modulation wDuld be atripod oft the 
carr].r, 

fi*wevr#  the output voltage of the Cess B d 
irequeng7 aep31i ier is a mot tunctioxi of input voltage, 
$0 that such a circuit 411 properly act` a Am signal, 
Such mar clage B circuits are wid4r ucoa, prtieular 
to zatse the power 3ve1 of 383 signals ori&M; . generated 
at low lsvel 

There IS no such pr'oblea in amp31tfLc44m► of FM 
igrla since t. ie amplitude Is constant • 	R C antplifj*ra 

with their high etficenoy, are used to rai % th power 
level of FM eign2e, 
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