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ABSTRACT 

'0 
The aim of this project is to design and construct an AM transmitter within"KHZ and 

1 MHZ of the output power of 1 W.ln this project a study of some of the components and 

stages of operation with their specific function are made clear. The principle of 

operation of the system constructed are also discussed. Suggestions and 

recommendations for improvement and maintenance of the project are highlighted. 

Any other sugestions and recommendatios outside the ones suggested by the writer 

in order to improve this work are highly welcomed. 

Any person going through this technical write up is believed to have a sound basic 

knowledge of analogue electronics. 
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LIST OF COMPONENTS USED AND THEIR SYMBOLS 

COMPONENTS SYMBOLS 

1. Capacitor -I ( 

2. Resistor I\NV' 

3. Variable resistor ~ 
4. Inductor r(Y"('f"YYV) 

5. Transistor ~ 
6. Diode(power) i) 
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CHAPTER ONE 

1.0.1 INTRODUCTION AND LITERATURE REVIEW 

In any electrical communication system, the imformation to be transmitted is first 

of all transformed into an electrical time varyng quantity, e.g a current or voltage, which 

comprises the signal.ln some cases the wave form of the signal is transmitted directly 

to the receiving point e.g telephone, in other case ,these signal is used to modulate the 

output of a high-friquency generator,so that some properties of the high frequency wave 

is altered in accordance with the signal.Transmission then take place by means of the 

modulated high frequency wave.Atthe receiving end the wave is subjected to a 

demodulating process,which enables the original modulating signal to be recovered. 

The high frequency wave is spoken of as the carrier and after after modulation 

is refered to as amodulated carrier. 

Modulation may at first sight seem an unnesecary complication in transmission 

system.Often,however,the modulation process is essential,when for example the 

transmission medium does not transmit the original frequency spectrum efficiently, if at 

all.ln such a case itis clearly necessary that they occupy a frequency range acceptable 

to the transmission system.An illustration of this is provided by radio transmission,the 

efficiency of transmission is negligible at low frequency signals,such as speech.t;2.] 

The separation of signals at receiving end then becomes a question of 

separating carriers.Modulation thus enables communication to be carried on at 

frequencies which differ from those of the original modulating signal. 

1.0.2 WHAT IS MODULATION 

Modulation is the process of translating a message into intelligence bearing 

signals so that the mnessage can be transmitted over an intervening medium. 

Itis the process by which some properties of an rf signal is varied in accordance 
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with the message to be transmitted. 

OR 

Modulation is the process by which the amplitude,frequency or phase of a carrier 

is modified in accordance with the characteristic of a signal. 

1.0.3 IMPORTANCE OF MODULATION 

(i) Translating the frequency of the intelligence bearing signal(message)to 

a frequency that is more suited fortransmission over the desired 

medium(free space,open wire line,coaxial cable etc). 

(ii) Increasing the power of the intelligence frequncy signal so that the 

receiver circuitry can be simplified and cheaper. 

(iii) changing the band-width(either increasing or decreasing)of the signal so 

as to obtain optimum balance between band-width and the signal-to

noise ratiocharacteristic system. 

(iv) To maintain secrecy of transmission. 
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CHAPTER TWO 

2.0 THEORY 

2.0.1 AUDIO AMPLIFIER 

The is any device where a small input signal is used to control alarger output 

power. It follows from this that an amplifier must consist of some active device,such as 

valve or a transistor;a source of power supply;and a 10ad.The input signal is used to 

control the current that fllows through the active device.This current then develops a 

voltage change across the load resistor, so that the output poweris 

Po = Volo watts 

The input power Pi = Vi Ii watts 

Power amplification,is given by the ratio of output to input power. 

Fig. 2.1 The general symbol of an amp 

2.0.2 TRANSISTOR 

As an amplifing device, the transistor is required to amplify an input signal and 

then feed it into some load resistance RL.Usually it will be desirable to isolate the load 

RL from the d.c bias condition pertaining to the transistor. In particular,it is useful to be 

able to determine the operating point of the transistor independently of any load RL that 
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may be applied. Segregation of the d.c bias and a.c or signal load circuit is possible by 

a.c coupling[2]. 

The operating point may be deduce from the output characteristics using the 

load-line concept, consedring common-emitter amplifier stage below. 
~ "I.e. 

1 c 

Fig 2.2 Single stage amplifier. 

The quiscent collector current is given as 

Ic = (Vcc - Vce)/Re 

where 

Ic =Collector current 

Vcc=supply voltage 

Vce=Coliector-emitter voltage 

Rc =collector resistance. 
lc 

I).c \oat! \it\.t. 
;---~~~--~----~~.~c~ 

Fig 2.3 Load-line. 

As shown from the load-line(d.c),the operating point is given by its intersection 

with the output characteristic corresponding to the base-current bias. Clearly an input 

signal causes the point (lc,Vce)representing the instantaneous state of the output 

circuit to swing up and down the a.c load-line. Thus for any given variation of the input 
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current Ib.the corresponding variation in Ic and Vce may be deduced from the load 

line.However,although in principle the load line method can be used to analyse the 

behaviour of an amplifier under small signal conditions,the equivalent-circuit approach 

is more convinient and is preferable whenever it is applicable.On the other hand to 

analyse the signal under a large-sgnal conditions recourse must be made to the static 

characteristics.An equivalent-circuitrepresentation with constant parameters is no 

longer possible owing to the inherent nonlinearities in the characteristics. f9J 

Amplifiers can be classified into:-

(i) Audio frequency(AForLF) 

(ii) Radio friquency(RF).tuned with narrow band-width 

(iii) Wide band or Vedio amplifier 

(iv) D. C amplifiers. 

2.0.3 CLASSES OF OPERATION 

(I) Class A:-The active device(the transistor ro valve)isbiased so that a mean 

current flows all the time.This current is either increased or decreased about this mean 

value by theinput signal.This is the most commonly used class,typical example being 

small signal amplipiers. 

(II) Class B:-The active device is biased just to cut-off and is switched into 

conduction by one half-cycle of the input signal.This class of operation is widely used 

in push-pull power output amplifiers. 

(III) Class C:-The active device is biased beyond the point of cut-off sothe input 

signal must exceed a relatively high values before the device can be made to 

conduct. This c1assis used in pause switching and transmitter circuits. 

2.1 OSCILLA TOR 

An oscillator is any device or circuit that produce an output which varies its 
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amplitude with time.Theoutput may be sinusoidal,square,pulse,triangularor sawtooth. 

Oscillator can be constructed using component that exhibit a negative resistance 

characteristic such as the unijunction transistor and the tunnel diode. 

For positive feed back 

so, if the loop gain BAo approaches unity 

Ac = Ao ...... 00 

o 

The requirment for a circuit to produce oscillations are:-

(a) Amplification 

(b) A positive feed back loop 

(c) Some network to control the frequency 

(d) A source of power supply. 

Typical circuit are combinations of Land C, OR Rand C. 

P..':ctu"rL 
L..-.-----J ~~ c..Y" •• ;~r-------' 

@-

. Fig. 2.4 Block diagram of a typical oscillator 

For a tuned collector oscillator,circuit used in generating sine wave oscillating at 

frequencies from few kilohertz up t01 MHZ.The amplification is provided by the 

transistor which is connected in common emitter mode. Bias components R1,R2 and R3 

causes the transistor to conduct,which then force the parallel tuned circuit to L1C1 into 

oscillation.This two component determines the operating frequency,which is given by 
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the formula 

These is because,at resonance frequency,the capacitive reactance is equal 

tothe inductive reactance. rGJ 

2.2 MODULATOR 

Many application exist in mobile equipment for amplitude modulators with output 

powers from milliwatts to tens of watts.Transistor circuits are used almost exclusively 

for this circuits. Carrier frequency above 1 GHz can be use~ in the lower -power 

transistor circuits. The most common method of amplitude modulation usedare class C 

collector -modulated stages with the rf applied in the common emitter or common-base 

configuration.Common -emitter provides the maximum power gain and excellent 

efficiency. common-base stages are used to increase the upward modulation 

capabilities, where the maximum modulation indices are importantlncrease linearity can 

be achieved at the expense of efficiency by biasing the amplifier class be so that a 

nominal collector current flows under no modulation conditions. 

2.2.2 POWER RELA T/ONSHIP 

Unmodulated carrier rms level = Eo 

Maximum rms output = Eo(1+m), where m is the modulation index which can vary 

from zero to unity for symmetrical modulation. 

Minimum rms output = Eo(1-m) 

unmodulated power in to the load R=P o=E20 /R 

The peak power into the load is 

p max =[Eo(1 +mW/R 

The minimum is 
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The average power in to the load for sinusoidal modulation is 

The unmodulated output power E2 JR is supplied by the class C amplifier, and the 

sideband energy 

(E'JR)(m'/2) J RF 6.11'''-

is supplied by the class C amplifier. \ -a:.~n-r -. -;~ 
l---------~vcc. . 

j- .--_'--__.- - - --I 

~ 1----;..--0 RL ! 
1- - - - - - -~-

A 

Fig. 2.5 collector-modulated transistor 

A = input impedance matching network 

B = modulator circuit for producing Vcc which follows the modulating 

signal,em,and provide a low source impedance at fc. 

C = frequency selecting network, fc ± fm ,and output impedance matching 

network. 

2.2.3 HIGH-POWER LINEAR MODULA TORS: 

High-power linear modulators, SOW and up,are generaly constructed using class 

C plate-modulation vacuum-tube circuits.Some intermidiate power and frequency 

applications use paralleled transistor configurations with class C collector modulation. 

Triodes, tetroides, pentodes are used in the vacuum-tube circuits. f$J 

8 



9 



CHAPTER THREE 

3.0.1 DESIGN AND CONSTRUCTION 

3.0.2 LOW POWER FREQUENCY AMP. 
----------~----------------~Vec 

CIIi' 

>L------r--1l:---

fig 3.1 Audio Amplifier Stage 

F rom the information obtained from the data book 

Max.gain = 26dB 

In other to achieve this gain 1 Ouf capacitor is needed at the feedback loop. 

Hence C14 = 10IJf 

C13 is a bypass capacitor for low frequency below 20Hz. Choosing a frequecy of 10Hz 

and Xc to be 1000 

c = 1/2nfXc 

= 1/2x(22/7)x10x100 

=1591Jf 

F or effective range coverage the value of the C 13 to be applied wi" be 100uf. 

C 16 is a high pass filter capacitor. It allows frequencies above 20kHz. 

Let Xc = 5kO 

f = 30kHz 

c = 1/2x22/7x30x103 x500 

=.00000001 
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C = 0.01lJf 

Hence C1S= 0.01lJf 

Ct is also a coupling capacitor using lowest frequncy level of 20hz and Xc of 

500. 

Therefore C15 = 1 
2*( 2217)* 20* 50 

Hence the preferable value of 220lJf was chosen. R11 is a limiter resistor,a low value of 

,,100 was used. 

3.0.2 PRE- AMP STAGE 
------------.---------------~v~ 

R. R.!/ 

Cit 
~----+_-----4l 0 

fig 3.2 Pre- Amp Stage 

We assume our audio signal to be within the frequncy range of 20Hz-20kHz. The 

information provided in the data book for basic electronic components, the op-amp 

UA741 is taken to have a gain of 1000. 

let R9 = 1kO --.. lin 

Op-amp gain network 

Av= If 
lin 

- 1000 = lf/1kO 
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Zf = 1MO 

But R8 + R7= 1MO 

assuming R8 = 500kO 

Therefore R7= 1 MO-500kO 

= 500kO 

Since op-amp was known to have a relatively high imput impedance, however 

this has to be reduced by an external resistors connected across the signal source. 

The imput impedance of op-amp=2MO 

1 KO = 2MO XR12 
2MO +R12 

1kR10 + 2MO * 1KO = 2MO R12 

2000MO = (2MO - 1 KO )R12 

Therefore R12 = 2000MO 
1999000 

= 1000.50 

To calculate for the values of C17 ' C19 and C18assume the cut-off frequency of 20KHZ 

and 

R10 = 10KO 

20KHz = 1 ~--'"----

2*22/7*10*103*c 

C = 1 
2*22/7*10*103*c 

= 0.00159 

= 0.002~F 

i.e C19 = 0.002~F 
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Also Xc = _._1_. 
2nfc 

= 1.5K and f = 10KHZ 

C = _._1_ 
2nfXc 

1 
= 2*22/7* 1 0* 1 03* 1500 

that is C18 = 10.61-1F 

But C18 = C17 = 1 OI-lF which are the coupling capacitors. 

3.0.3 MODULLATOR STAGE 

--~~~----~------~ 

c!f 

fig 3.3 Modulator Stage 

From the data book, the parameters of transistor Q2 was given as stated below. 

Icmax = 111.1 rnA = IE 

HFE bias = 100 

Vee = 9V 

= 9V - VeE 

VeE = 1/2 Vee 

=1/2 *9V 

=4.5V 

VE = 9V - 4.4V 
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VE = 4.5V 

Also 

RE = R6 = ~E = 4.5V = 4.50 
IE 111.1rnA 

But R6 was chosen to be 560 

But 

= 4.5V + 0.7V 

= 5.2V 

18 = le/f3 = 111.1 rnAl1 00 

= 0.001111A or 1.1 rnA 

= 

= 5.2/1.1 rnA = 4.7KO 

Assumed value for R4 = 15kO 

5.2V = R * 9V -s-~ 

150 + R5 

5.2 =-.B5 -' 

9 15KO + R5 

0.578 * 15KO = R5- 0.578R5 

Rs = 8.67 
0.422 

= 20.5KO 

But Rs was chosen to be 10kO 

Xc=_1_. 
2nfc 
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Let Xc = 1000 

and f = 546KHz 

c= 1 --'-----:. 

2nfc 

=. 1 
2* 22/7 * 546*103 * 100 

c = 0.003~F 

Therefore C7 , Ca, C10 and C11 were chosen to be 0.003~F each. 

RESONANT TANK 2 

fig 3.4 Tank Resonant 

For maximum frequency level, use 2.5pF range to obtain the corresponding value of 

= f = 1 MHZ = 1 * 10 106 Hz 

Cg = 2.5pF 

L3 = 1 . 
4*(22/7)2*( 1* 106)2*2.5 * 10-12 

= 10.1mH 

Therefore L3 = 10mH 

, Inserting L = 10mH and C = 8pF, the lowest frequency of operation was obtained. 

i.e f 0 =--,-1_ 
2nJLC 

= 1 
2*(22/7) *J( 10 * 10-3*8*10-12) 
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= 549KHz 

which is still within the range of the required frequency. 

3.0.4 OSCILLATOR STAGE 

~ 
L, C.,. 

c, 

L" 
C!f 

c" R~ -= c~ c~ 

fig 3.5 Oscillator 

Parameter obtained from the data book for Q 1 

Icmax= 300mA 

PTot= 2WC 

Vee= 9V 

Assuming XL1 = on 

P= VI 

P Tot = Vee * lC(sat) 

2W = 9V * Ie (sat) 

I = 2W = 0.227A C(sat) 

9V 

VeE = 1/2Vee 

= 1/2* 9V 

-VeE = 4.5 V 

Also VE= Vce - VeE 
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= 9V - 4.5 

=4.5V 

RE = R3 = ~E-= 4.5V = 22.50 
IE 200mA 

Hence R3 = 220 

For silicon transistor VBE = 0.7V 

-VB = ( 4.5 + 0.7 ) V 

therefore VB = 5.2V = 5V 

F or the base voltage 

Choosing R1 = 47KO 

5V = R2 * 9V 

47KO + R2 

= 0.55 

47kO (0.55)= -0.55R2 + R2 

26.1 KO= 0.44R2 

R2= 26.1KQ 
0.44 

= 58.75KO 

Hence 56KO was chosen for R2 

Values of capacitors 

Xc = _1_. 
2nfc 
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For the minimum frequency level, 

f = 546KHZ 

Let Xc = 500 

Then, C= _1_ 
2nfXc 

= _1_. 
2nfXc 

= 1 
2 * (22n)* 546 *103 * 500 

= 0.005~F 

C1 and C5 are coupling capacitors and 0.005~ F were chosen. 

Choosing Xc = 1000 

C = 1 
2*(22n)* 546*103 * 100 

= 0.002~F 

The resonant nk 1 

fig 3.6 

Choosing the available value of an inductor. 

L2 = 10mH 

F or a low fraquency level of 546KHZ 

CEFF max = _1 _ 
4n2f L 

= 1 
4 * (22/7)*(546*103)2*10*10-3 
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C EFF max = 8.4pF 

For a higher frequency of 1 MHZ 

CEFFmin 

= 1 
4*(2217)*(1 *1 OS)2 *10*10-3 

= 2.5* 10-12F 

C EFF min = 2.5pF 

Therefore, the effective capacitance range is ( 2 - 8 )pF. 

For the minimum effective range. 

CEFF min 

Chosen C5 = 4pF 

2.5 pF = 4pF * Cs 
4pF + Cs 

1 0(pF)2 + 2.5pFCs = 4pFCs 

10(pF)2= (4pF - 2.5pF)Cs 

Cs = 10(pF) 2 
1.5pF 

= 6.6pF 

Similarly for the maximum effective range 

C = C" * C" EFFmax ~ 

C5 + Cs 

8.4 pF = 4pF * Cs 
4pF + Cs 

33.6(pF)2 + 8.4pFCs = 4pFCs 

33.6(pF)2 = ( 4pF - 8.4pF)Cs 

Cs = 33.6(pF) 2 
4.4pF 

= 7.6pF 
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CONSTRUCTION OF CASING 

A ply-wood of 2.5cm thickness was obtained. Two plains of (7 by 4)cm were 

cut.These two plain ply-woods were used for the top and bottom covers.Also cut were 

(7 by 2)cm pair of woods and then (4 by 2)cm pieces where are also two in number. 

The six pieces of woods were joined to form a casing which perfectly contain 

the circuit. 

fig.3.7 casing 

" , , 

The wood work was carried out using the following tools. 

(i) Plan- jack:-For smoothing the rough surface of the work piece 

(ii)Hack-saw:- For cutting work piece 

(iii)A meter rule:-For taking measurement. 

(iv)Hammer:-For pushing the nails through the work piece to form a single unit. 
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CHAPTER FOUR 

4.1 RESULTS AND DISCUSSION 

Result obtained from Pspice program with regard to circuit designed given in the 

preceeding page.lt gives the following analysis. 

(i) The nodal analysis 

(ii)The transient analysis 

(iii)and the voltage analysis 

It thus shows that the circuit is working perfectly and that there will be signal f1low 

from one stage to the other.That is, audio signal from the audio amplifier when when 

amplified by the pre-amp stage before modulation is carried out at the modulator 

stage. The carrier signal was able to generate the required frequency of (0.5-1 )MHz with 

the output of one watt.The output wave form is given below. 

"l~) 

fig.4.1 The output wave form. 

CONCLUTION 

Having achieve the aim of this project which was successfully constructed,the 

exercise really broading my knowledge practically.The transmitter constructed was able 

to meet the specification(Frwquency of operation (O.5-1)MHz, 1W]. 

however,the problem of distortion encountered can still be improved upon by any 

one hoping to impliment a transmitter using the circuit designed as a project. 
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4.0.3 RECOMMENDATION 

Because of lots of research work carried out in realising this project and how 

relevant itis to my course of studY,exposure to many theoretical analysis and the use 

of Pspice to analyse circuitll would rather recommend tha the project should be 

repeated by graduating student. 

Any correction or suggestion is highly welcomed by any person going through 

this write-up. 
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