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ABSTRACT
This is a report, which presents the prefiminary study, and the
fral methods used i the design and construction of an F.M
trequency modulated) ransmitter,
The aim of this project is to aul z eradicating or reducing

gnorance (o minimum and tolerable level in the society through
commuricalion.

S

The report beging with a general introdustion, which fealire @

’a
ot

»

heief historical background and a study of previous works in hisHeld,
Tris is fnliowed Dy an inaight in various eleclio nin and fewer elgcincal
somponants used in he construction of the cireut and their specific

\,

funchions are made a%m The principle of operation of the system
construcied and Ha L 1Bes wWere also discussant
srvy other suggestion and pnprovement in s work wi 4 b highly

appreciated and welcomed.
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DHAPTER ONE

INTRODUCTION

fnnorance 15 ong of the major problems of mankind and more
prominent way of ﬁsms:i ating # 0 an acceplabie and inlerable level is
by communication, this i the act of ransferring information from the

source 1o & larget or desiinalion. The meansfzscheme by which this

information 8 conveyed from #3 source, processed and delivered
almost i the form i was 1o the destingbion some distance away &

catled the wm;‘g‘zﬁx“zr‘am*:‘a;s 1. Below s a schemalic block diagram

of a communicalion syst

Transim ‘iad Signal

RS ang niter

Pravpsducer

¥

seansdicer

Fig, 1.0 Moise, derferencs and Distorion

& schematic diagfanm of & comsy {zzz cations sysiem.

This project ig based on the dmg; and construction of a
frequency-modulated "r:zr‘%m,’z er with 3 well dasigned and construcied
ragio receiver. |
Transmilter ~this  processes the ézzpui s,eigm:ai W produce the

ransmitied signal sullable for ransmis m“z through the lransmission

channel, The act of pr cessi ng the inpul signal (message signal) by
varying any of the parameters of the carrer wave (the parameters of
the carrier wave are the amplitudes, freguency, and phase aniia) 15

known -an ot Jiﬁmn Varying  the ampliude gives  amplitude

maodutation (A and varyving the frequency give moduliation.




i is imporiant and necessary 1o have & good idea of by radio
waves are gensrated and tansmitted wave, which i the mam
purpose of this project.

A radio wave is genersied by 3 s soio frequency osciliator, and
radiated by an asial or antenng This radio wave o7 corinuous wave
caling the carrier cannot convey any massags of intelligence of liself,
it must be interrupted to form a code of some desanplion {89 Morse
cotel of sume form of detectble signal most be imprassed on he
cortinuous wt&w@ﬁ This is done by process o modulation.

s

There are two  basic methods of modulabion, armnpiituds
modiulation where the %we* (arnplitude) of the carrier wave is variad in
sccordiance o audio slgnal and frequency. modulation, where e
smpditude remaing constant, but he frequency s owobbied over a
smal range in accordance with 3 radio signal,

it i the later that iz being applied in this project {frequency
mcchuilation), 1y many v J;’s'ﬁ a frequency modulaled wave 18 one of the
easiest 1o produce, 33;,;’{ slightly more difficull o receive than an
amplitude modulated wave.

The design of freguency-modulsisd transmitier can be

\

neitvided i to (hree) 3 major sections.

RS

4 The audio input amplifier slage (class A
5 The radio requency osciliator (class A) and

The amplifier modulator stage (class G

3




A ANTEMNA

T1A 82{«‘}@ Diagram O A Freguenoy Modulated Transmilier

The trangistor T?"  Bas, Res, O and the tuned ciroult Cyy, O

-

and Ly acls as the radio frequency oscillator wilh a frequenoy of
approxunaiely BAMHZ. This freguency is variable over g small range

by the tmmer capad u ohy, Any varna ’mr in oscillation due {0

componient olerance e lo can be gooounied for and the frequency

brought back in o the range of BB108mh3 the range of FM

FEOaNErS,

With no round input to the microphone, the oscillator just keeps
on producing, an giernaling vollage aorcss the wned cirouwd {while
ever powsr is gpphed) "‘ simall amount of condinuous wave, If we tap

“ .

133

!;?

inio the ool with an aenal of some sort, significantly more signals

Bince we are "z‘?te transmitling sound fyoice) o do this we use

microphone, which produces a small vollage when i receives sound

wave, This voltage, which is varying with %n;::»ui, iz gppdied o the bass

of TR1 via T while the vollage ig small il is enot igh to upsel the

aance of By and F,




The signal s amplified by ransistor TR, Ry, Ry, R, and Ry
which forms the first pre - ampitfication slage. The oulput s coupled
o the input of the posilive terminall of the nondnverting op -amp
{operationat amplifien ER{, 45858 via capaciior (G which is the second
stage of pre ~gmptification. The output is coupled further o the input
of the negalive tlerminagl of the mverting n;wa np operational amphifien
LAMIGOY via capacidor Cy which acls as the third pre —amplification

stage and safne e g low pass fifter with capaciior Cu In parallsd

witth 12 Oy w%;z\,,,z only passes iow fe.v;csum ¢ with cut off frequency of

L]
)

2 O3KHZ

The purpose of dllowing low frequency only s in order not o
diztort the culpul of the operational amplifier which might be disiored
vy afiowing high frequency above the f;ai off regusncy of the op-amp.

The output mw:;u of this grplification stage though oo smal
s enough to cause the frequency of the osoiflator 1o vary. The
variation oocurs as e voliage vanes, and obviously if the voliag
varies in sympathy wilth the sound inpul 1o the microphone. The
freguency variation of i}'ze ostifiator must contain the orginagl sound
pattems.

50 the fregusncy vanation ﬂmmz%d oy the oscillalor are
production of the sound recebved in other words the frequency s
heing moduialed by the | frpad mimgé {ence the name frequency

migciuighion, .




LITERATURE REVIEW

Radio is that mﬁ'ﬁé?‘i% of communication thal depends solsly on
the use of eleciromagnetic wave propagated thiough the space at the
speed of light

in years ago men have fied to enhance conwnunication by

devising methods that are faster than canying massage by foot or
vehicle, The .j:aeréeg of inventions that cumulaied in radic system
inciude dmfm smoke signals, signal fres elo used In many
Cﬁiiﬁif’iﬁtﬁ i both the Q%ﬁ&;ﬁ{:ﬁ new wosld, )

THE HIBTORY OF RADID

The developmernd of radio was a long process thal included many

stens and involved many peoples from varous countries,

¥

The sxistence {; radio wave was predicted mathematically o
1864, tong before they were acly a%iy discovered. An English man,
James Clark Maxwell, made the @ rediction, I 1BRR a Genman, Hein
rich herlr, demo gif&i@az that radio wavé existed and that they travel
through space, To honor herlz's discovery radio engines use his
name in identifying freguency of radio f»fazw

Heriz's never communicated by radio. An English man, Emest
Sutherford (1871-1837) was the first person 1o s inesed i sending
radio signals. He ssnt the signal abct;;’g "%:'?’ 30 meters {3,500 fesal )
another English man Ofiver lodge (18231- 1940 ), figurad oul he basic

H

orinciple of uner

{"«.’é

Guglicime Macron, an Halian woring in England, chimbed huther
up the ladder and is considered the founder of radio communicalion,

100 he sucoesd, on bz firsl 1oy, Y B firey mned re LTI TR REGE

% i
i i
iP5 {

I
.




Across the Allandic } 1 betwesn England and Canada. Marconis

vadio really was g wirgless {elegraph, sending only dots and dashes. it

coulid nol fransmit g spoken word, Radio program broad casting was

rmade possibie the development of the vacuum tube,

in 1904 the first vacuum tube was made john Ambrose Fleming

1840 — 1945}, an England elecincal ehgineer. This tubse was a dipde,

i 18086 an American iventor, lee de forest {1873 19681) added a
third part to ?"iw*s ing's vacuun tube, This new tube was called g inde

e
8}

’2)

i, |was much iike vacuurn wbe used loday. Ag time went on
e and more we radio rgnsmission were found, and ways in which
o improve I an%n*"«s@ weie found, and ways in which o improve

radin rangmission were consiantly developed. Tods sy radic waves
have been bounded off the moon. Radio communication with salellife
arwd missile is being i “z;“;“ apicis s

The in?mmaiéoﬂ iransmitled by radin s cammied by an
eiaaimnﬁagne%é wave gystem called the “camer wave'. This camier
wave is variad in some fashion {(modulalion) by the slectrical signsl
from the wansducer, which is now %’ii??)i’@&f%i“z'{ii“zg the massage o be
transmitied.

After moduiation, the modulated signal is fed o the Wransmitling
antenna, which then {akés the elechomagnetic wave into the space.
At the recelving end, 2 very small portion of the transmitted
signial ks caplured by E%%’iﬁﬁ";f:‘é‘ antenna this signal is fed o the radio
recelver, which separates the required massage from the carmier. The

"

massage is then ransiated from elsctonic form o sounds, pictures or

o

b forms,

&



2.4 THANSMITIERS

The main slemends of 2 radic ansmiller are an oscilisior,

frequency amplifier, g modulalor, a direct current (de) power supply, &

fransmission ine, and an anlenng.
)

A0 plock disgram of an frequenoy modulaied (FM) radio

telaphone ransmiltar, is shown below:

SOV s 5T 08T e
A Agmphifier
I
j
]
| RE Oseiliator B Preguency : B Transmission Ling
% Muitiphier A % i
j

F1G 1.2 A BLOCK DIAGRAN HEPRESENTATION OF FREQUENCY
MODULATED (FM) TRANSMITTER.

w3




2. ALDIC FREQUENCY AMPLIFIER STAGE

CHAPTER TWO

THEORY OF ?iﬁ%ﬁ? STAGE AMPLIFICATION

o

A OHNE BTAGE RO (RESISTANCE-CAPACITANCE COUPLED

AMPLIFIER CIRLULT,

The audio frequency a

amphifier cirouit,

The first stage ia

coupled amplifier. i1

-

The figure2 O abowe

which consgist ©

ermitter {CE} configuration,

Consist of Ky
ink between thes
ampiifier and the

amphfier. Hy s

Fig 2.0 A Bingle Stage Ro Coupled Armplitier

S me

out put of tes first slage, which

second stage which

tange

and capand

i of three-{3)

3

mptifiers used congs

—
&
Daaad
."'}

{h
L

ong-slage resistance-capacitance  (HO)

a ciass A ampiifier,

Elovgerng noposio

............................................

shows a siage RO coupled ampifiers,

UBING COmmon

m

et

transistor amplifier
hf" i [} gp iﬁ‘{; ?g;,,.%ﬂ(-{¢~,r%,

o O, Capacitor Ty is the connecting

in the fanszisher

g the RO 4558 operational

& collector load of ?mz dator O




¢, couples the input signal white €, couples the pt-put signal,
ovides the d.o bias,

The function of Z*w He coupling network is in wo fold, Firstly, o

pass ac signal from one 3?:;35:;::—3 i the other and seoondly to block the

v

nassage of d.o vollages ff wny one stags (o the next

P

B
(N

ol

b

CIRCUHT OPERATION OF RC- COUPLED AMPLIFIER

The input signal Vi is amplifier by Oy The arnpdifier out put of
e gﬂmse reversed and appears across Ry The culpul of the
first S?::zg;::ee fran 24’{::; amplifier s coupled o the input of the

soond stage which is an & erational ampifier capanitor G0
s some fimes raferred 1o as blocking capadiior because, i
blocks the passage of d.o voltage and currenis. The oul pit
signat v is the ‘ampiifé-&d replace 1RO out of phase with Vi

hecause of s pl mv(—» EIVETRION.

A.C POUNALENT CIRCUT

2.4 An AL Eoulvalent Clrouit,

The ac agl wyatent cirouil s s shown above,

The oulpul impedance o of e first stage s’ =Ry

Where =

»

iy the figures 1 7R B0

This is the inpul impedance of the first stage and not ©, (base)

8
.
Svea
8

AL




This i3 giso because the npul of the second slage forms g part

These ars ac junciion resisiances of two stages bt for ong
siage in which

we are conscience.  The junchon resistance s Zbm

The vollage gain, A, is given by

M

Sy

4 o f{‘. o -
}v-“.‘ bt .‘V‘J i{:r ~
Lgyaeesi

24 ADVANTAGE QF RC COUPLING

Ro coupling requires no expensive or bulking componenis and

no adjusiments. Hence, # s small light and inexpensive,

The Reo coupling aigo have a ight overall amplificalion flem thal of the
other coupting. It has minimum possible non-inesr distortion because
#odoss not use any coll o transformers, which might pick up
undesirable signals. Hehoe there are no magnetic fields o inlerfere
with the signal
RO coupling has a very flgt freguency versus gain curve that is
it gives uniform voilag ;e amphfication over a wide rangs from o few

herty to a few mfaga’w*?z necauss resistor values are independent of

frequency changss, This is shown inthe © z,;zxe:h betow




tow frequenay nigh frequenoy
Roll off i off

Fiat response

gain
: 1 §
Lo !
................................. &,
Fy f
Fig 2.2 Frequency Response of the Ampiifier
As seen in figure 2.2 above, the amplifier gain falls off al very

fow s well as very high frequencies is due to capacitive reaclance of
e first siage, nput capacitance of the second stage and the stray

sapacitance.

25 THE AMPLIFIER BASED ON BASING CONDITION

This classification is based on the amount of ransistor bias and
muititude of the input signal. It fakes Into considerations the portion of
the cycle for which the bransistor conducts, The main classifications

Class—A Amphifier
(i Class-B Amplifier

{# Class-C Amplifier




(i)
- of ampiification in this project s

IE CLABS A AMPLIFIER
iy 1 this case, the ransisior s 30 based thal the oyl

5
474

signal {36

ot ouresnd

wit i the figlre

iy
2;}:5? H$;

Hows for the full-cycle of the inpu!
ow. i other words the transistor remains FR- bigsed through
5 3607

-
(4

it cyie, Her* e, 15 condition angle |

out the inp
H
i
: /‘/ Y £ P I
% / Y foo ¢ % Y
3 4 4 ; % 4 % j kS
[ Y ¥ " 4 4 %
LS i i y / % { Y
i | i / Y i Y
. S ey Sy e i k3
§ ] i 7 B e % ey Y Fop—
| v / oy 2 IR
4 ; % ,/ i i i !}
1 x_,) ; \ 7 «.':. ; -.‘:. !/
s 5 / Voo 5 ;
o7 5, K v Y /
N A P ",\/’ ’\\ o
38 Conduction Ulass
27 GRAPHIC BEPRESENTION OF CLAZS A AMPLIFIER
sersatile and widely used

amitter s the mosi s

Sincs comimon- emi
Li islic oures 1o

s out pul characteris

configuration, we  wil
clazses of amplifiers

differentiate batween the main




.
.
.
.
.
%
v . AN
s PR
AR PR
PR 4 %
A A
¢ 3 7
v boeees
1 1
E L

fond Hop.

%

: - £
<Outpnt signal oo

Fig 2.4 Biasing condition for a class

figure 2.4 above shows the I

asing condition for
opgration. #is se

oiass

-

"
HE S

that G-point 15 located at the cenire of the load
that the oul put

frees

wu%ieiﬁos‘; current fows ihe complete oycle of

LA L
the input signal {conduction angle of 3607 Becguse of centre G-poind
the posiive and n@gaiéwé shootings of the i signat are confrontad
o inear portions of the load line. i

egual
«‘:iﬂzang;«zevm il i}gt'« toproduce equal changes in oulpyl
froflectory current and vollage. Hence, hence ouiput s an exact
input, i the muliitude of the input signel s so large a3 1o
drive the g- poind closer 10 sither cut- wf‘f of saturation ragion {wher
base current ines are not equally spaced ) the out putl will nol be an
exact replace of the inpul, that is oul pul wz.ma fwill be digtorted




2.8 PRINCIPLE OF OPERATION OF THE FIRST STAGE AUDIO

AMPLIFIER DESIGN (TRASISTOR AMPYL

i is the purpose ;:z’ an electionic amplifier (o accept very small
signats al s input, amplifier them, and then use the resulling amplifier
signal to perform some given funclion, For instance the input signal of
an audio amplifier are i ined from the microphons, the pickup of 2
record player or the play back load of 2 tape recorder and when
arnplifier, are used (o provide the current drive for a loud speaker.
such amplification req Wres arnplification over a frequency of 30Hz o
Utz with minimum amount of dislortion. By corporation, amplifier for
use i servo sysiem a;’*d anglogue compuinrs are required 10 amplify
down fo zero frequency. in the specialist field medical electronic,
amplified signais obiained from the brain, heart or nerves are used for
display and recording p; pose and, due o the very small signgl

«?

avatlabls, amplifiers are required combine high gain with low noise.

The gensgral approach to amplifier des s first to desl with the
out put stage. Knowing the level of the signal required o drive i, o
design the proceeding stage accordingly and this to work back from

the oulput of the amplifier o the inpul Amplifiers are coupled 1o

previous stage by capacitors. 5o there is no problem about doo lovel
stane the stages in the si sign of amplifiers are az follows!

1. . Select sullable ansisior

2. Decide on a suilable valus for the collector curent iy the

absence of any signal, We call this the gquisscent collscior




P.,,\.:*

£

’

current. For low noise g value of IMA s often a goot ong o

Select g value for collector resistance (R so that ¥V oul has
about half the value of Vil This allows the signal to make ¥

oul swing fesely in elther direction withoul clipping the

Chooss value for Ry, and Ra, so that the quisscent vaiue for
Ly will produce the required value for [ given a lypical vaiue
of life (F) for W« transistor. Many pairs of values of Fy, &
Re. will produce the required polential, but there are e
points to consider. I Ry and Ry ars vy high, the current
fowing through them s small i this ls of the same order as
the vase cuirent, the biasing polential s lower than
calculated valus, On the other hand, if Roo and Rpy are oo
sl in value the current is unnecassarily high and power i
wasted. Also, the input impedances of the amplifier & low
as a general g';.zEe, the current through By and By, should be
ahout 10 times the estimated iy
Choose ) 50 that in combination with Ry, and Ry it forms
a high pass filter, which passes signsis of all the required
frequency.  The same applies to the choice of Cy, M
reguirad ’*rie cirouit, This is nol bye-passed, so there
feadback w%":,::z frmits the gain of the amplifier bul gives
stability, The transistor 15 biased by 8 voltage divider {Rg W
g, diagram giving a stable voltage at the base. This is the
most stable biasing mathod, I the ampifier s a simple ong,

e blasing resistor (Rg) will only be R, pogitoned as o




s value connected

3
".,.

rasisior of half

.

R

&

diagra

e

>

v

~/ Fled

Fe

&3

RVas

A
;

P
e
Neann’
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Fig. 2.5 Amphifier Biasing ?%et’"“d

2.5 DESIGN COMNBIDERATION

Iy an audio power amplifier there is a vary real danger of therma! run
away uniess the bias %'a rrangement chosen i such az 1o prevent
shift of o ¢ aperating point. A class a audio power amplifier with
common emitler o ;mo.’z emitter configuration is used in this design,
this will provide an acceplable degree of stabulily. The resisiance He is
said to introduce negalive feedback from the collector — emitler circuit
info the bass- emilter cirouit Good stabilization v accomplished by
using large Ra,

Fe in conjunction with the base resislr My determines the value of
the input vollage Ve aoross By and reduces the base — emiller
soltags. The bage f"arfu*;* in thus reduced, providing a large degree of
pompensation for the onginal case.

240 DESIGH STEPS AND CALCULATIONS

Making choloe of ransistor. Since the maimum theoratics]
efficiency obiginabie is B0% the fransish o with number BC 109 is

chosen because of 15 low noise and high gain alulily.
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Voul now serves as

amplification.

input gignat o the nexd stage of

Y3
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LHAPTER THREE

The second and the  ihird stages of  audin fraquency

amplification are made 1;3 of operational amplifiers. The

soond is o

&

not-inverting amplifier while the third stage i an inverting ampiifier

with g low pass filler

3% GENERAL PRINCIPLE OF OPERATION OF AN OP-AMP

WHAT I2 AN OP-AMP

itis a very high gain, high-r,, direct y coupled negative feedback
amplifier, which can amplifier signals. havi ng frequency ranging from

wi i(} ’} ifg

T

beyond MMz, They are made with diffarent infernal
configurations in ICs. An Op-amp s 5o named because i was
originally  designed  to perfarm mathematical operations ke

surnmation, muliplication, differentiation and integration etc,

fypical uses of Op-amp are - scale changing, anaiog
armputers operation, instrumeniation and conitrol system and a great

variety of phase-shift and oscillation circuit,

Although gn Op-amp s a complate amplifier, s so designed
that exlemal component {resistors, capaciors eic) can he conneciad
o s terminals o change s exlemsl characierstics.  Hence i ig
relalively sasy o fallor *‘%’ s amplifier o Az’%% a particular application and #
s, mefact, due o this versatility that Op-amps has become 8o popular

‘: i ?ng{

320 DP-AMP SYMBOLS AND CIRCUIT MODEL

The schemalic symbol of an Op.amp denoting only the signal

terminals is shown in'the figwe 3.0 below.  The power supply




connections are cerfainly required bul are oftern omitled i cwouit

disgrams,

,

Yhe crouit model of an ideal Op-amp 18 shown in the g 3

A
<
¥

VROV

.............................
” 4 [EER o H
T TR -

{ay  Ope-amp symbol and (B Operation model of dea Op-amp
Al Op-amps have 3 ﬁ‘&éz‘zét‘ﬁuz'z'z of five terminals

{1y nverting input lerminat

{2y Moreinverting inpul lerminal

2y Culput f(—}f{?????{%}

{4y Posilive bias su;& ply terming

(57 Megative bigs supply lerming

H

3.3 POLARITY CONVENTIONS
1 the figure 3.1 below the input terminals have been marked

with minus (-3 and Phas i+ signs. These are meant o indicaie the
{- Lt

rverting and nonqmwerting terminals ondy. Hosimply means that a

5

S"?

gral appiied al the negalive inpul lerminagl will appear amplified but
e‘

phase-nveried at the culpul terminals as shown m the figure 3 i)

i

batow similarly signal appfied al positive termingl will appear amplified
i phase af the ouiput. Obvicusly this plus (+) and () minus indicates

shase reversal only. I does positive voltages respeclively.

s
Ha—
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34 IDEAL OPERAIGNAL AMIPLIFIER

Winen an Op-amp is opergled withou! connecling any resistor or
capachor from #s oulpul to any one of B nputs (hat s with
feadhack), # said 1© ba'in open-loo {:wz{”isar The word open ooy’
msans ihat the fead imdx part or toop iz open. The specification of an
Opeamp under such condition s called open loop specifications.

Aqidest Op-amp has the following characiaerislics

s open loop gain A, i infinite thatis A, = -»

o
S

{2y s inpul resistance By (measured between inverling and nor
inverting terminal) is miiniie that is B, = » ohm,

i ooutpud resisiance (seen looking back info the oulpt

o
et

o infind mbrzm wridih

P
£
P

25 VIRTUAL GROUND AND SUMMING POINT

¢

i figure below s shown an operglional amplifier, which
ermpioys negative feed back with the help of resistor H; that feeds a

porion of the output inf it




Since gt and {”cfmazk curtents are algebraically added at
DIt A, s called the SUTHTING RO

The concept of virtual ground arses from the fact that input
voltage 1 at the inverting terminal of Op-amp is forced 1o 9 small value

that, for all practical pumoses i may e assumed {0 be zero, Hence

e

point A is essentially al ground volts ge and his referred to as the

o
H

Yy
Prer 4TH
: i,\.;,. Gk
&

¥hw Vs Reduced To Almost Zera?

When V, is applied, puint A altains some positive potential af the
same tme YV, is brought in existence, Due o negative feedback 1o
point A some fraction of the output vollage is feedback Io point A anti-

phase with voltage aiready sxisting thee {due o V)

”

2

algebraic sum of the two Voltags is aimost rero so that Vi

-
——
B
NE]

8. Obviously, Vi will become exactly zero when negalive feedback at

A is exactly equal to the positive viitage produced by V, at A

25 NONAINVERTING AMPLIFIER THEORY

This cireult used when there is need fnr an sutput, which is
equal 0 the mpul, mulliplied by a positive constant such o positive

scalar circuit which uses negative fesdback but provides an oulput

Ix




that equals the input 1ty %f"fi Dy @

itis a form of 3 voilg e contro
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Aor=Me =14 B Bia

&7 BECOND STAGE AMPLIFICATION DESIGN

CALCULATIONS

We have that Aq = Vo

& e €h {'} 38
:"*«:” / s :Z ket '-))
s

his is, the outpul voltage of the fransistor amplifier first stage

Vo = {1+ RV
%

- AN 5 7

Vo = {1+ 400) 5.0235 v
47

s e § A . O o4 I‘)/

Voo = {1+ 8500235y

ff"‘._(;{' =4 ;:2 32# =B 5

Vo= the amount of voltags fed back into the it

Veom R Y ”KMJK 3.5uA

o)
£

Vi 02

second Sage audio faguency amplifier cirouit,

i
e
{3
e

26




THE THIRD STAGE OF AUDIO ANMPLIFICATION

3.8 GENERAL INIVERTING GAIN CIRCUIT,

£

Ciroults that are designed specdically o oreale freguency -

daependent gain fame::ii:.:;z'ss ulilize reactive elements in addilion o
o

{] §)

resistance. In theory both capaciiors and induciors could be uzed. In
orachics, howsver, ca%gaf:%iai“a tends to be much more deal in
fraqusncy :’?:?;;2’22*(} for which op-amp ciic m.z soare most often uged,

in general virlually any realizable frwm@m; shaping function

can thegrelically be u’ ated with reséstarzcz?:, capacitance and op-

&3

amps. Ocoasionslly, induclors are used in some special op-amps

circuis, which are usabls at high frequency,

One form of an a{:f—-am{:« ciroult widely used for certain frequency
dependent operalion i the INVERTING OP-AMPE. A schemalic
diggram is shown as béiew o this case, the mpul and ihe feedback
cireuit arg shown as biocks, which represent complex impedances.
The slegdy-stale mpedance of the 'sz"e';m'{ plock 7 and  the
sorrespondng fnpezmr" e of the feedback block is 7, Each of the
blonks may  contam 3;35%: ong element or each may contain 2
cami&éné%im of o or mibre elements

since e blocks ars impedance, i s necessary 1o use the
ransfer function concept o an algebraic relationshin between the

ouiput and inpul. We have




Thiz obwiously *Wé ces block to the inverling amplifier gain, in

it

wWiCh case Mg becomas Aq the close gain

INVERTING OP-AMP CIRCUIT FORM WITH ARBITUARY

o
H

PPEDANCE

28 ac INTEGRATOR

This olwviously reduces back to the inver ing amplifier gain.

The inverling amplifier clroult used here 18 an ac infegrator,
whare the resistance Hy s placed in parsllel with the capacilor as

shown in the figure below, The inpul resistance s now dencled as B,

&
i
[
B
&
_va:s.s

capacitor is an Open ciroult 2t de, the oiroult reduces o 3
sinple nserting amplifier with gain - R/R at d o
340 FREQUENCY REBPONESE OF AN ac INTEGRATOR

The ac integrator ciroult s anslyzed by the sleady-state phasor
spproach. The ciroult s first converted o steady-stale o as shown
iy the figure 3.8(0) below. The feedy w:,iu pnpedance 5 the paralls]

combinglion of B and Vigo, which is

§3

Rij ] o= {..‘}{{ §‘¢“J‘~ = i<
(i) Fdifiwe TrpwRic

F
P

The mpul impedance hig simply given as




FIG.3.6 TRANSFER FUNCTION 1S THEN

HEw = CRRr SRR

{ERIC 14 TE

transfer function above is a one-pole low pass formm,

311 DESIGN CALCULATION OF THE THIRD AUDID

FREGUENCY AMPLIFICATION STAGE,

e have that

;= Bl = H

14 pHEL

’J

L = G“‘ 3)
T2 228 % 107 % f 6x OS]

e
ety
i1

B85 X100 x 141000
11000 144000

7f = BYS A0 - 695107

, = e
AR R (V1= S,
F [aTore TRt TNy
7i o= NDLOGBESY ¢+ (895

A

in the Hme cons mm of the fesdback cirouit

i
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EiCs 3.7 THIRD STAGE AUDIO
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CHAPTER FOUR

40 GSUHLATORMODU ATOR CIRCIHT

4.1 INTRODUCTION: An electronic Oscillator s a device which,

obtain power from g do sowree and uses I in providing an altemating
outpul without  altering  the circul configuration by means  of

mechanical swilching.

The slectronic oscillalors may be divided broadly into fwo

groups as follows:

4

4y Moresinusoidal {or relaxation) gscillgtors -~ they produces an

cutput,  which  has  sguars, reclangular or saw-tooth

waveform of s of pulse shaps.

(i Sinuscidal {or harmonic) osallators, which produces oulput
having sing wave forms

4.8 PRINCIPLE OF OPERATION OF THE SCILLATOR/
MODULATOR CIRCUIT

The heart of the harmmonic oscill ziur iz made up of capaciors
and inductors in pargliel.  Electrical enargy 5 always made available
o the cirowt to keep o oscillsting al it natural frequenoy. i s the
resonating action of this cirewt that rise o the gulpul of the oscillator,

The diagram of the resonand b,,f;:uéé can be seen in the figure

below, the capaciior hecomes charged and discharged repeatadiy,
3'

The rate at which this, happens zz&;sém:ﬁss on the capaciiance and
inductance of the two components.
Tha frequenoy ai: which the circull repeats iself is the resonant
frequenay. the capacitance s C and the nductance s L, the

resnnant fregu ency i is given by

1

311 (L)

31




$

fo keep the ciroult oscillabing, there must be 8 sleady supp
energy o the orowt We must take care o su ipply the enargy in the
right way, hence clap oscillalor arangement s used in his project
Here the resonard ciroull consist of Vo two fiked capacitor and an
meducine Lo the V. (Varnable capad Wiich allows the oot fo e
set o operate oneg of the ranges of different requenciss. As the
cownt resonales, a pm: tive feed back signal aizo passes o which is
capacitalively: coupded 1o amplfyimg bansisior THZ The emilter

potential of TRZ = *wri constant by the asing resisiorn By angd R

wgether with the stabiizing action of Gy and C, therefore the base

the colfiector potential supply energy 10 the resonant cirouit, thus

keeping i oscillating. The outpul of this oscillation iz a sing wave,

4.3 DESIGN CONSIDERATION

14 :'\

The main con vs(i(‘ atton i ihe design of dap ogcillalor s in the
choloes of ransistor and the seting up of the resonance croul. This
is important because the required operaling frequency must be i

ning dhuning the design,

4.4  MAKING CHOICE OF TRANSISTOR

The man consideration is the cul-off frequency of the ransision
Commonly BF iransisiors are used i fxed fregusncy oscillator up 1o
25 fimas the out-off frequency.  While in warable feguency

osciliators the limit is usuall by aboul 08 tmes the outoff frequency.

3

o~

Hence a transistor C809 thal is RF/AF Oscillator ampifier with the

foilowing parameters is chosen for this project




4.5 THE RESONANGCE CIRCLIT

The resonance cirouit is mad up of a fixed inductor, two fived
capacitors and a rimmer capacitor.  The frimmer capacitor s
arranged in parallel with inductor with the other fixed CHRPACor in

seres with the inductor to enhance frequency stability and sliminates

the effect of ransisiors parameters on the operation of the cirouit

LR ¢ ¥ Ny Py e
Gy FOu 477 X 9400 x 15 82%10

Fhe resonance of the ciroult is given by

PN
Kip = (z e

&
‘»’(

5‘\&

4

Where XL = 2011

H

= 201 X 94X10°% X 15826100

>
f.f'i
K)
Ny

% Y
- »
T
WY, f”‘
AR = é = ?

271X B4X 107 X20PE 00418
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CALCULATION OF POWER TRANSMITTED
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P

A = O A

put Power = Al x Ay

FIG. 4.0 OSCILLATORMODULATOR CIRCUIT




CHAPTER FIVE

50 AERIALIANTENNA

Antenna 15 the ciass of positive components of radic broad

casting, communication, navigation, radio, ielevision and Otbusr

electronics  and  ferftes, the it aimioblective  of radigling

electromagnetic wave into the space and also recelyi g them from the

st
3

space. Slate of the arl antennas also provide special fillration

sgnals, thereby assuming the required directions! chararis: ristics of

radio system, or enswe the looation and ranging of obiscis i radar
applications, or the location of radiation sources.

the anterna is stated in termz of wide
range of radio engineering. struciural services and 2Conmmics!
o characierstics. The design  and recuired
paerformance of an antenng depends on a substantial wWay on
frequency ban or band 'n which i his do operate.  Anlennss can be
classified into long wave (OLF) medium-wave for FMY, short wave {or
HEL VHFAHFE, SHF, and Optical wave, B can also be cigsaified
based on the manner §§7 which the radiated fisld pattern is formed,

sted below is four rivoes,

{1y Sma radiators (<<h)

21 Traveling wave antes

e
Lol
e
i
e
o
e vy
.
S
,...}
§.:.3
s
P
'\
‘-C’
S

£
s
o
T3
i
M
m

-lype antennas

‘

Wi the oourse of this project, the small radiators (<<A) is used

which i Applicable for frequencies MM: it the range of 10KH, o 1GH..

G




The clags includes single divde and 5
artennas) loop anlennas and fre

51 ANTENNA DESIGN

Having oblained the frequenc

G4bAHz, the length of the

transrission of the signal is given by th
ho=y
Ao wé e length of the signal
F o= freguency aly ;:'%'séz;:;h the signa
Y= yelocily of sound i space =

Ao 3xi08mis = 3.2
DabAHz

For graater efficiency of the and

radiagle gregter fraction of powsr supp
should fend towards a guarter of ¢

frequency.

=32 = D798= 0.8

For satisfaciory and more

communication ’i’}{‘ iance

poation 15 necessary.  Therefore the

reasonabie height above the ground for

52 POWERSBUPPLY UNIT

Floctronio devices and oircuds

oparation. Dry cells and

have the advantage of being porlable

£o

voltages are low, they need Faguent

as compared o conventional do

anienng

stfirent

5, a proper cholce s we

patterias are a form ol do

AU VR L
OF FAriaums, 5

rip and micre-siip

quensy ~ independent radigtors,

Ty of transmission, which 8

required o the appropriale

e iormLis

Pis to be ransmithed

tenng, that is for the antenna o

shed, the length of the anlenna

e wavelengih of the fransmission

operatinn . of wirsless

4 as good antenna
é’ii"‘:?ﬁ?ﬂ?'&?ﬁ should be piaced gt a
betler efficiency.
required a do sowce f
source and they
ardd ripple-free,  However, the

eplacerment and are expensive
The

RS
A0 m'.'sg.

power  supplss,




corwentent and soonomical scwrce of power i3 the domestc ac

supply, The proces 5 of conve ting ac voltags into do vollags is calls

oy
PR

::ﬁ\
=
M
3
o]
oy
&
3
AN
Q.
: “~
{3
3
AN

of & typical do power supply unt is

A0 inpud
20 outpd
FiG, BLOCK DIAGRAM OF A POWER SUPPLY UNIT
A typical do gmwér supply consists of the sta 306% shown above
i1 the block disgram.

{1y THANSFORMER I sleps down the ac supply vollage o

sutt the reguirsment of e electronin deyi ces and oirgui

fed by the do -{3,;{3-§§§‘y’. i also provides isolation from the

e
BN
e
5
£
¢
=
o
A1
¥
et
e
W
o,
et
i

it which uses one or mors diod

to convest an vollage indo pulsaling do vollage.

,&.m,
{3
e

FiLTER “%"% is ciroit element rﬂi iminates the Hucluahions or

pulsations (ripples) presant i the output vollage supph

bry the rachi

4y WVOLTAGE REGULATOR. ds main funchion his 1o ke

o

Y
the terminal vollage of the 8.0 supply constant even when
st “’i“gfx to the transformer varies or when the
foad varkss,
There are three main types of rectifiers, they are as follows:

”

{1y Gingle-phase half wave rectifler

.
B3
e

Single-phase full-wave rectifisr

e
L
e
L
e
;3:...
ol
[

<
o

bwidge niroult

I the course of ihis project, the FULLSWAVE BRIDGE

CIRCUIT Feclifier is used,

=]
bt

.
o




This is the most requently used circuit for electronic 4. powsr

supphes. I reqguires four dindes,
tapped and bas a maximum volla ge of Ve,

COMEes i A

The fullwave b idge rectifier

i1y Four discrsie dindes
(£ Une devices inside a fourdermingl cags
(3} Aspartof anaray of diodes in an 10

s of eh fullwave bridgs
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53 HOWITWORKS
vl cycle, terminat M of the secondary is
& helow (g}

ﬂf ff-

uring tha
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of the bridge rectifier

dAput vollage

as cathode, The o
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slectronic devices like the operationsl

both positive and negative vollage o be

the device's Correspon aisr positive and negalive terming

52

H

abiz in thus project. Use i been made of a splil ransformer
secondary, which 2 f::g}ﬁifé tap is been grounded and assisls in
obiaining the positive and negative vollages autput from the full wave
hricige reclifisr which are igken o the positive and negalive lerminals

of the Qp-amps respechvely. The capactors Cy and ©) are used o
rermove the ripples present before ia&:éég the vollage reguiator, which

maintaing and assures 2 sleady 12V oulpul, which 8 now usad 1o

power the circul,

fie
o seS
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CHAPTER 8iX

CONSTRUCTION:

Before construction of the Fi ransmitier, the oiouwl 1o be
construciad is first des mevi based on the theories ang pringiples of
operation of each subsystem {ciroult) and each component both active
and passive in the cirouit,

Attey i?z&i desige the components to designed in the circuil are

purchased according o the caloulatedi/desic gned values in the system

The components are mounted as shown caref, ully iy the oiroult
diagram below. First i:é"g'-:-» resistors and the capacitors are placed and
seidered, The resistors are mountediplaced cargtully o save space,
Exbra care is taken i o ensure that the capacitors are placed in the righid

Sre is been made that all oo n;’ srits are neatly placed and
properly dressed b&fﬁ)?’@fi@?(ﬁ@?iﬂg ther in

he frimmer capacitor ST 1 is soldered in piace. Adeguals care
is been taken here to avoid any misiake as it has 1o be forced in,

Mow the mic xum srie is heen conneciad and soldered in place,
with the red lead to the posilive ract, the white lead o the ragative
sicie of ©1 and shield to4 v% negative frack.

the fransistor TRY {the BC 100 NPN and TRY {2808 NPN.

soting that it is the right number first. The collector terminal of TH1

#

guoes o By while that of TR2 goes 1o the tank osoillating circuit, A heat

i

3

sink Clp as used when soldering to prevent dama ge o the wansisior

due o over heali ing.




The 10 {(OF amps JRO4ES8 and LMD s now connected in
piace iy the cirowt

For the fyst 10 (URC 4558} while will be used as the nooe
ivarting amplifier, the *zw from the transistor amplifier s been lead
in through the non-inverting input terminal {which his the number two
arungt), The inverling inpul termingl s the number one terminal
carries the feed back signal info the amplifier. This feedback signal i
a part of the oulpul signal. The terming! three which is the oulput
terminal carries the outpul-amplified signal by the gain conslant. The
termingis 4 and 5 are the posilive bias and negative Das supply
terminals, which are connscied accordingly o the power supply,

P

Far the inverting Op amp the connschion is almost similar

P

2

sxcept that non-inverting input erminal {lwo) 5 besn grounded and
the input gignal is been taken on the inverling fermingl {which i
terminal number onel.

The power supply I8 the connecled soldered with hared

{positive) lead going fo the ve of the amphiiers and black (negalive)

The regulslor arg now connacted carefully and soidered. The
sirouit diagram is carefully lollowed for each conn sction made. Before
conngcting the power z;:s,.s;::,pi*' it was decked gain properly 1o mgke
sure all the components are placed in the right posilion corechy

nied and soldered in properly. Al axc éss leads were been clipped

.

6.1 TESTING

Mith no sound input to the microphone, the oscillator just keeps
on producing an altemnating vollage soross the tuned circuil. As long
- as power been applied avross the o

4
A4




After connscting the power supply, switchir g on the ransmifter,

heard so very quist in one fand poss L; more) furng positions.
Talking into the *za;%ou and voine was hegrd ooming frion the
PELRIVET

Difficulties may atise recsiving the voice, the recelver

returned and the timmer capacitor ©71 adiusted, unil the voine s

heard again




DISCUSSION OF RESULT

From the choult analysis it can be observed that the following
resiils were obigingsd f’o,f the designed of the FM Transmitier,

Aovoltage gain (A, ;%or the first pre-am p*f cation stage is 47 from

any e Reed ¢
Reoo= 47k w47
RE 500

Cotlecior Current = 1. 20MA

Base current = 3.7y and the output vollage

Yo = Ay, %‘jin B ::;M/

Forihe Op-Amps in the second and third stage of amplifications.
- Closed loop voltage gain VW, = 4.5 {for the 2™ amplifier)
- Feedback voltlage = 0.3V
Clozed loop voltage gain for the 3% amplification

»
(4

Cutput vollage = BY
The powar Transmitted s 10W from a gain of 80000 of the
mcduiating cirouit, which could only be recebvad from g distance of

SOOM rachus from the frangmitie




CHAPTER SEVEN

7.0 CONCLUBION

The primary objective of this project was achieved which is fo
cesign and oconstruction of an FM (FREQUENCY MODULATED)
THANSMITTER

Athough some challenging difficulties were encountered in the
course of the research, design and construction the experience
gained is invaluable, |

The frequency z'z‘zoaézéiaifzrd transmitter (FM) was designed and

x
2

construcied, which can, recelve massage {(voice signal} through the
microphons processed i in an FM mode and pass the ransmitted
signal through the fransmission channel which can be received with 2
well designed FM recelver some fewer meter away from the
fransmitier, |

The design procedurs was carmed oul in such 2 way that afler
having the general rj*”? the system was broken down inlo

al ™ PR Py edy ’-éf-';‘ o AT s T o
subsystems and each of the subsyslems construcied separately. The

advartage of this approach 3 fo ensure thal the problam of sach

subsystem is locshized and can be sasily solvad

Looking at the cirouit i can be seen that there are some other

s

better ways of bigsing the ransistors o even a compietaly different

and more efficient design of some of the siages presend
Neveriheless, with the engineering ¢ %a:wz} e of making wdicious use
of what 5 avallable 1o Oi?f’*’s nowhat i dasired, the work presented |

wirking withing a reaso abe degree of efficiency,




7.1 RECOMMENDATION

¥

s in deed very necessary and important thal enginearing
students  first-degree final project be a practioally orented one
howsver the problerm of constructiony such as the Sme period and

fnance shiould not be over looked

s
LN

The period of the project has i:.n:aenh_a strong factor affecting ih
performance of the students in project w«::zv

s a shudent, and nal student for that ;'z’z;:-s.i;'zzs;»zr with bulk of academio
work lord and project work all on the sludent. There is the problem of
fimiled fme o research and shudy, giw howilh affect the overadl
periormance of the student in the project work

So b recommend a larger and encugh pericd of ime for the projest
WOTK.

There is also the ;ﬁ?‘f:p%;ierrs of finance. Many studenis have dus to
finance devigted from areas where they have brighler idens, some
even due 1o nadeouate finance could not uie the best and the most
appropriale equipment componends for a particulsr work which in
retun will effect the over af performance of the syslsm.

Aaoa lasting solution o this problem | orecommends thal tha
sohoot i conjunction with govern «,m,;m; should approve some amount
of mongy as allowance im‘ nal vear student canving out proecl work,

There 1z also the ;.,rsiez of »arj/‘ equs iate faciliies and reseaarch
cantre. | aiso ’f~f02’}’2§2“+‘§’*d the government and the schogl o provide
adenuate faciifies and well sguipped research cenlre at the reach of

erds 1o enhance the performance of the student polh In

M\

the sty

(]
Jaade

profect work and other aoademic work,

L 47 |




these had been the obstacles in Yy Own case. | beliove that

st

proper altention iz given 1o these recommendad solutions i wil G0 &

fong way In improving the fingl year st degree snginesring project.

g
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