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ABSTRACT 

We humans have infinite thoughts, one of the things that we can't even imagine to live 

without is the radio, for one thing it is the most portable and simplest technology man 

has, almost every house has one or two radios in their house, automobiles, work place, 

some are even built-in to mobile phones. A radio allows advertisers to reach a far wider 

audience then most other means of medium such as television, newspapers, etc. 

This project presents the design, construction and modification of an FM radio receiver 

and an audio amplifier. Problems encountered during the project preparation and their 

solution will be presented. 

11 



INTRODUCTION 

The radio is an incredibly simple technology, with just a couple of electronic components 

that costs almost nothing. Such a technology is being used widely in the communication 

sector, without it the most basic communication would not have been possible. The 

whole world is covered by radio waves and signals holding millions of transmissions 
which are received by an uncountable number of people. 

Radios gives us the opportunity to keep up to date and connected with the latest news, 

music and almost anything out there, it is unimaginable to live without it, radios has 
become an essential part of our life 

The purpose of this project is to design, build and test a FM radio circuit and audio 
amplifier with its basic elements. 

Chapter one will present components which will be used in building the circuit of the 

radio. Their characteristics, properties and functions will also be discussed. Also safety 

guidelines, which must be kept in mind when working on electronic projects, will be 
described. 

Chapter two will present frequencies which are used in radio and other purposes are 

described of course FM transmission is included; differences and applications are also 
mentioned. 

Chapter three will present in detail the operation of the circuit, starting with the input 

and how it is processed, through each component until it is ready to leave the circuit 
as a sound. 

Chapter four will present the most probable problems counted, and also will indicate a 
suitable solution for each problem. 
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CHAPTER ONE 

ELECTRONIC COMPONENTS 

1.1 Overview 

This chapter presents an introduction to electronic components that are commonly used 

in hardware projects. Additionally, safety guideline for electronics project will be 
presented in this chapter. 

1.2 Components 

Everyone today is exposed to electronic devices in one way or another. 

In this section the reader will know all details about the components used, explaining of 
each component. 

1.2.1 Resistors 

Resistors are a two-terminal electrical or electronic component that resists an electric 

current by producing a voltage drop between its terminals in accordance with Ohm's 
law. 

V R= 
I 

The electrical resistance is equal to the voltage drop across the resistor divided by the 

current that is flowing through the resistor. Resistors are used as part of electrical 
networks and electronic circuits. 

Resistors, like diodes and relays, are another of the electrical components that should 
have a section in the installer's parts bin. 
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They have become a necessity for the mobile electronics installer, whether it is for door 

locks, timing circuits, remote starts, or just to discharge a stiffening capacitor. 

Resistors are components that resist the flow of e\ectrica\ current. The higher the value 

of resistance (measured in ohms) the lower the current will be. 

Resistors are color coded. To read the color code of a common 4 band lK ohm resistor 

with a 5% tolerance, start at the opposite side of the GOLD tolerance band and read 

from left to right. 

Write down the corresponding number from the color chart below for the 1st color band 

(BROWN). To the right of that number, write the corresponding number for the 2nd 

band (BLACK). 

Now multiply that number (you should have 10) by the corresponding multiplier 

number of the 3rd band (RED) (100). Your answer will be 1000 or lK. As shown in 

figure i.r. 

lK ohm resistor 

L-- tolerance band 
\.----- 3rd color band 

Figure 1.1 lK Resistor 
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How to read resister color codes: 

Band 

Color 
1st Band 2nd Band *3rd Band 

# # # Multiplier x 
Tolerances ± 

% 

I 0.000.000 I 
White 9 9 9 1,000,000,000 

None 
±20-% 

Table r.r Resistor color code [1] 

If a resistor has 5 color bands, write the corresponding number of the 3rd band to the 

right of the 2nd before you multiply by the corresponding number of the multiplier 

band. If you only have 4 color bands that include a tolerance band, ignore this column 
and go straight to the multiplier. 
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The tolerance band is usually gold or silver, but some may have none. Because resistors 

are not the exact value as indicated by the color bands, manufactures have included a 

tolerance color band to indicate the accuracy of the resistor. Gold band indicates the 

resistor is within 5% of what is indicated. Silver = 10% and None = 20%. Others are 

shown in the chart below. The lK ohm resistor in the example above, may have an 

actual measurement any where from 950 ohms to 1050 ohms. If a resistor does not have 

a tolerance band, start from the band closest to a lead. This will be the 1st band. If you 

are unable to read the color bands than you'll have to use your millimeter. Be sure to 

zero it out first. 

1.2.1.1 Types of Resistor 

• Fixed resistors 

Some resistors are cylindrical, with the actual resistive material in the centre 

(composition resistors, now obsolete) or on the surface of the cylinder (film) resistors, 

and a conducting metal lead projecting along the axis of the cylinder at each end(axial 

lead). There are carbon film and metal film resistors. 

The photo above right shows a row of common resistors. Power resistors come in larger 

packages designed to dissipate heat efficiently. At high power levels, resistors tend to be 

wire wound types. Resistors used in computers and other devices are typically much 

smaller, often in surface-mount packages without wire leads. Resistors are built into 

integrated circuits as part of the fabrication process, using the semiconductor as the 

resistor. 

Most often the IC will use a transistor-transistor configuration or resistor-transistor 

configuration to obtain results. Resistors made with semiconductor material are more 

difficult to fabricate and take up too much valuable chip area. 
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• Variable resistors 

The variable resistor is a resistor whose value can be adjusted by turning a shaft or 

sliding a control. These are also called potentiometers or rheostats and allow the 

resistance of the device to be altered by hand. Rheostats are for anything above 1/2 watt. 

Variable resistors can be inexpensive single-turn types or multi-turn types with a helical 

element. Some variable resistors can be fitted with a mechanical display to count the 

turns. 

Variable resistors can sometimes be unreliable, because the wire or metal can corrode or 

~e:o.t. ~cime mciliem 'l'o.t\.a'tl\e tes\.s\ms \\Se "Q\as\\.c ma\e-c\.a\s that co not co-erode and have 

~~\\~\ ~~'o.\ ~'o,\'o,"\~\\~\\."~- 

• Meta\ oxide resistor (MOV) 

Speda\ type of reslstor that changes us res\stance Wlth rise in vo\tage: a very hlgh 

resistance at low voltage (below the trigger voltage) and very low resistance at high 

voltage (above the trigger voltage). It acts as a switch. It is usually used for short circuit 

protection in power strips or lightning bolt "arrestors" on street power poles, or as a 

"snubber" in inductive circuits. 

• Carbon film resistor 

Cheap general purpose resistor, works quite well also on high frequencies, resistance is 

somewhat dependent on the voltage over resistor ( does not generally have effect in 

practice). 

• Composite resistor 

Usually some medium power resistors are built in this way. Has low inductance, large 

capacitance, poor temperature stability, noisy and not very good long time stability. 

Composite resistor can handle well short overload surges. 
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• Metal film resistor 

Good temperature stability, good long time stability, cannot handle overloads well. 

• Thick film resistor 

Similar properties as metal film resistor but can handle surges better, and withstand 

high temperatures, 

1.2.1.2 Applications 

In general, a resistor is used to create a known voltage-to-current ratio in an electric 

circuit. If the current in a circuit is known, then a resistor can be used to create a known 

potential difference proportional to that current. Conversely, if the potential difference 

between two points in a circuit is known, a resistor can be used to create a known 

current proportional to that difference. 

Current-limiting. By placing a resistor in series with another component, such as a light 

emitting diode, the current through that component is reduced to a known safe value. 

1.2.2 Capacitors 

A capacitor is a passive electronic component that stores energy in the form of an 

electrostatic field. 

A capacitor consists of two electrodes or plates, each of which stores an opposite 

charge. These two plates are conductive and are separated by an insulator or dielectric. 

The charge is stored at the surface of the plates, at the boundary with the dielectric. 

Because each plate stores an equal but opposite charge, the total charge in the capacitor 

is always zero. As shown in figure 1.2. 
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- 
Charge p 

+Q -Q 
p 

Plate area 
A ~ 

p 

Electric 
p 

field E 

---------------- 
Plate separation d 

Figure 1.2 simplest type of capacitor [2] 

In an ideal capacitor, the voltage is proportional to the charge, and the constant of 

proportionality is the capacitance C. That is, Q = CV, or C = QN. Most capacitors are 

close to ideal if the voltage does not vary too rapidly, and is not excessive. Unit 

capacitance results when unit charge means unit voltage. 

In the practical system, unit charge is 1 coulomb, and unit voltage is 1 volt, or 1 

joule/coulomb. The corresponding unit of capacitance is the farad, which is one 

coulomb per volt. This happens to be an absurdly large unit, so the microfarad, µF, is 

commonly used. 

In Gaussian or electrostatic units ( esu ), the unit of charge is the esu ( or stat coulomb; 9 x 

109 esu = 1 C) and the unit of potential is the stat volt, which is about 300 volt. The unit 

of capacitance is then the centimetre, or one esu per stat volt. From these figures, it 

follows that l cm= 1.11 x 10-12 F = 1.11 pF. 

A capacitor can be made from two conducting sheets, each of area A, separated by a 

distance d. normally, the separation d is maintained by a sheet of dielectric of this 

thickness, which has a dielectric constant K. The capacitance of this parallel-plate 

capacitor is given by C = EoKAld F, where A is in m2 and dis in meters. 
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The constant a0 = 4n/c2 = 8.854 x 10-12 F/m, an embarrassment of the SI system of 

units, in centimeters, C = KA/4nd, where A is in cm2 and d is in cm. It is very easy to 

make some capacitors like this, perhaps with paper, K = 3 and d = 0.015 cm, as 

dielectric, and to measure them with a capacitance meter. Most high-end DMM's now 

have a capacitance scale. Don't forget to subtract the reading before the capacitor is 

connected. 

1.2.2.1 Applications 

The difference between a capacitor and a battery is that a capacitor can dump its entire 

charge in a tiny fraction of a second, where a battery would take minutes to completely 

discharge itself. That's why the electronic flash on a camera uses a capacitor -- the 

battery charges up the flash's capacitor over several seconds, and then the capacitor 

dumps the full charge into the flash tube almost instantly. This can make a large, 

charged capacitor extremely dangerous -- flash units and TVs have warnings about 

opening them up for this reason. They contain big capacitors that can, potentially, kill 
I 

you with the charge they contain. 

• Capacitors are used in several different ways in electronic circuits: 

I. Sometimes, capacitors are used to store charge for high-speed use. That's what a 

flash does. Big lasers use this technique as well to get very bright, instantaneous 

flashes. 

II. Capacitors can also eliminate ripples. If a line carrying DC voltage has ripples or 

spikes in it, a big capacitor can even out the voltage by absorbing the peaks and 

filling in the valleys. 

III. A capacitor can block DC voltage. If you hook a small capacitor to a battery, then 

no current will flow between the poles of the battery once the capacitor charges 

(which are instantaneous if the capacitor is small). However, any alternating 

current (AC) signal flows through a capacitor unimpeded. That's because the 
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capacitor will charge and discharge as the alternating current fluctuates, making it 

appear that the alternating current is flowing. 

1.2.2.2 Capacitance 

The net charge on a capacitor is zero, but equal and opposite charges ±Q are found on 

the two plates, and the "charge on the capacitor" is usually the absolute value of the 

charges, Q. The electrodes of a capacitor are called "plates" even though they are 

usually not plates at all, but surfaces of various forms. 

If we mark one terminal of a capacitor with a polarity marking, say a +, then Q > 0 

means that a positive charge Q is on the corresponding plate, and if Q < 0, then a 

negative charge is on that plate. If a current i = dQ/dt, then a positive current flows into 
the marked terminal and causes the voltage V across the capacitor to increase. The 

voltage V is the potential difference between the two plates, positive if the potential of 

the marked plate is higher than the potential of the other. These sign conventions are 

easy to understand, and are essential if confusion is to be avoided. 

1.2.3 Semiconductor 

A semiconductor is a material with an electrical conductivity that is intermediate 

between that of an insulator and a conductor. A semiconductor behaves as an insulator 

at very low temperature, and has an appreciable electrical conductivity at room 

temperature although much lower conductivity than a conductor. Commonly used 

semiconducting materials are silicon, germanium, gallium arsenide and indium 

phosphate. 

A semiconductor can be distinguished from a conductor by the fact that, at absolute 

zero, the uppermost filled electron energy band is fully filled in a semiconductor, but 

only partially filled in a conductor. Semiconductor materials do not follow Ohm's law, 

i.e. the electrical resistance changes with voltage and intensity. 
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The distinction between a semiconductor and an insulator is slightly more arbitrary. A 

semiconductor has a band gap which is small enough such that its conduction band is 

appreciably thermally populated with electrons at room temperature, whilst an insulator 

has a band gap which is too wide for there to be appreciable thermal electrons in its 

conduction band at room temperature. 

1.2.3.1 Diodes 

A diode is a component that restricts the direction of movement of charge carriers. 

It allows an electric current to flow in one direction, but essentially blocks it in the 

opposite direction. 

Thus the diode can be thought of as an electronic version of a check valve.A two 

terminal semiconductor (rectifying) device that exhibits a nonlinear current-voltage 

characteristic. 

The function of a diode is to allow current in one direction and to block current in the 

opposite direction. The terminals of a diode are called the anode and cathode as can you 

see in figure 1.3 

Figure 1.3 Diode [3] 
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1.2.3.1.1 Types of semiconductor diode: 

There are several types of semiconductor junction diodes: 

A. Forward-bias: 
Occurs when the P-type block is connected to the positive terminal of a battery and the 

N-type block is connected to the negative terminal, as figure 1.4 below. 

With this set-up, the 'holes' in the P-type region and the electrons in the N-type region 

are pushed towards the junction. This reduces the width of the depletion zone. The 

positive charge applied to the P-type block repels the holes, while the negative charge 

applied to the N-type block repels the electrons. As electrons and holes are pushed 

towards the junction, the distance between them decreases. This lowers the barrier in 

potential. 

p-type 
silicon 

-n-type 
silicon 

positive terminal negative terminal 

Figure 1.4 A silicon p-njunction in Forward-bias [4] 

With increasing bias voltage, eventually the non-conducting depletion zone becomes so 

thin that the charge carriers can tunnel across the barrier, and the electrical resistance 

falls to a low value. The electrons which pass the junction barrier enter the P-type 

region (moving leftwards from one hole to the next, with reference to the above 

diagram). 

This makes an electric current possible. An electron starts flowing around from the 

negative terminal to the positive terminal of the battery. It starts at the negative terminal, 

moving towards the N-type block. Having reached the N-type region it enters the block 

and makes its way towards the p-n junction. 

The junction barrier can no longer keep the electron in the N-type region due to the 

forward-bias effect (in other words, the thin depletion zone produces very little 
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electrical resistance against the flow of electrons). The electron will therefore cross the 
junction and move ahead into the P-type block. 

Once inside the P-type region, the electron, being thermally free (from bonding) or 

mobile will move through the rest of the crystal, making its way to the positive terminal 

of the power supply. Please note that the electron does not jump from one hole to the 
next in the p-region. 

This actually qualifies as electron-hole recombination which immobilizes both hole and 

electron. The electron can move freely through the crystal without needing to jump into 

holes which are what happens when electrons do cross the depletion layer. This process 

will be repeated over and over again, producing a complete circuit path through the 
junction. 

B. Reverse bias: 

Occurs by Connecting the P-type region to the negative terminal of the battery and the 

N-type region to the positive terminal, produces the reverse-bias effect. The connections 
are illustrated in figure 1.5. 

12 

negative terminal 

Figure 1.5 A silicon p-njunction in Reverse-bias [4J 

Because the P-type region is now connected to the negative terminal of the power 

supply, the 'holes' in the P-type region are pulled away from the junction, causing the 

width of the non-conducting Depletion Zone to increase. Similarly, because the N-type 

region is connected to the positive terminal, the electrons will also be pulled away from 

the junction. This effectively increases the potential barrier and greatly increases the 



electrical resistance against the flow of charge carriers. For this reason there will be no 

( or minimal) electric current across the junction. 

At the middle of the junction of the p-n material, a depletion region is created to stand 

off the reverse voltage. The width of the depletion region grows larger with higher 

voltage. The electric field grows as the reverse voltage increases. When the electric field 

increases beyond a critical level, the junction breaks down and current begins to flow by 

avalanche breakdown. 

1.2.3.2 Inductors 

Inductors are usually made with coils of wire. The wire coils are wound around iron 

cores, ferrite cores, or other materials except in the case of an air core inductor where 

there is no core other than air. The inductor stores electrical charge in magnetic fields. 

When the magnetic field collapses it induces an electrical charge back into the wire. 

Inductors are associated with circuit capacitance and can form a tuned circuit and 

resonate at a particular frequency. Two coils close to one another, as they are in a 

transformer, literally transfer charge from one coil to the other. This is called mutual 

inductance as you see in figure 1.6 

Figure 1.6 inductors [ 5] 
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1.2.3.3 Transistor. 

The transistor is a solid state semiconductor device which can be used for amplification, 

switching, voltage stabilization, signal modulation and many other functions. It acts as a variable 

valve which, based on its input voltage, controls the current it draws from a connected voltage 

source. 

Bipolar transistors, having 2 junctions, are 3 terminal semiconductor devices. The three 

terminals are emitter, collector, and base. A transistor can be either NPN or PNP. See 

the schematic representations in figure 1. 7 

~

COU.ECTOR~COLL£CTOR 
PSE 

- ·······MmO 
(al PNP tbJ NP,N 

Figure 1.7 PNP and NPN semiconductor [6] 

Note that the direction of the emitter arrow the type transistor. Biasing and power 

supply polarity is positive for NPN and negative for PNP transistors. The transistor is 

primarily used as a current amplifier. When a small current signal is applied to the base 

terminal, it is amplified in the collector circuit. This current amplification is referred to 

as HFE or beta and equals le/lb. 

As with all semiconductors, breakdown voltage is a design limitation. There are 

breakdown voltages that must be taken into account for each combination of terminals. 
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