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ABSTRACT 

The earliest magnetic field detectors allowed navigation over trackless oceans by 

sensing the Earth's magnetic poles. Magnetic field sensing has vastly expanded as 

industry has adapted a variety of magnetic sensors to detect the presence, strength, or 

direction of magnetic fields not only from the Earth, but also from permanent magnets, 

magnetized soft magnets, vehicle disturbances, brain wave activity, and fields generated 

from electric currents. Magnetic sensors can measure these properties without physical 

contact and have become the eyes of many industrial and navigation control systems. 
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INTRODUCTION 

Humans have long known of the existence of magnetic forces. Compasses relying on the 

magnetic field of the earth have been used for centuries as navigational aids. Until the 

nineteenth century, however, the cause and source of magnetic fields remained a mystery. 

Even after scientists began to learn about magnetism, the field remained complete separate 

from the study of electricity; at the time, it seemed inconceivable that the two could be 

related in any way. 

In this project we are going to design, build and test a magnetic field detector. How to tum 

the switches on and off, Suggestion into where these switches can be used will be made. 

The first chapter of this project is the background chapter, which include electronic 

component especially the components were used in this project with some explanation and 

the characteristic of them. And Safety guideline when doing electronic project because of 

any electric component it has a guideline safety, if you do not know what is it you will 

bum, or break the component so that before doing any electric project you have to be care 

about this chapter. 

The second chapter we have discussed magnetic field definition and properties, and many 

applications that demonstrate the use of magnetic field detectors. 

The third chapter is the most important chapter, which explains the hardware project in 

details, how we built it, How it work, what its input and output? With the circuit diagrams 

of magnetic field detector, the diagram of the first and second and stage circuits also will be 

shown. And the components for all of them were listed. 



The aims of this project are: 

• To design and build a magnetic field detector. 

• To gain hands-on experience in electronic hardware project. 

• To modify the original circuit where possible. 

• To suggest potential real-life use of magnetic field detector. 
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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. Safety guidelines for electronic projects will also be 

described. 

1.2 Introduction to Electronic Components 

Electronics gets its name from the electron, a tiny particle which forms part of 

all atoms, which, as everybody knows, make up everything in the world. Atoms contain 

other types of particles - protons and neutrons - but it is the electrons which will be 

interesting us here. 

Electrons and protons have the electrical property of charge. Protons have 

positive charge and electrons have negative charge and they normally balance each 

other out. We don't really need to know what charge is. It's just a property like weight or 

color, but it is this property which makes the whole of electronics happens. But keep in 

mind the fact that opposite charges attract and similar charges repel. 

When electrons move together in a unified way we say there is a current 

flowing. Electrons are actually moving all the time in materials like metals but moving 

in a random disordered way. A current is when they all move together in one particular 

direction. 

When you touch a lift button having walked across a synthetic carpet and you 

feel a shock that is electrons flowing through you to the ground. That's all a current is, 

simply the movement of electrons in a particular direction. 
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Electrons can't flow through every material. Materials that allow a current to 

flow easily are called conductors. Materials that don't allow a current to flow are called 

non-conductors or insulators. Metals are the most common conductors, plastics are 

typical insulators. 

Conductor's 

Gold 

Copper 

Carbon 

non-conductors 

plastic 

wood 

air 

Copper is a good conductor. Copper tracks are used on the printed circuit boards 

to connect the components together. Solder is another good conductor. The solder 

makes the actual join between the leg of the component and the track. 

The plastic that a printed circuit board is made of is an insulator. Currents can 

only flow up and down the copper tracks and not jump from one to another. For the 

same reason wires are surrounded by plastic coatings to stop them conducting where 

they shouldn't. 

There are certain materials that are between the two extremes of conductor and 

non-conductor; we will come to them later. 

A battery supplies the 'force' that makes the electrons move. This force is called 

the voltage. The bigger the voltage the more force. Mains electricity which is 240 volts 

is more powerful than an ordinary 9 volt battery. 

Currents are measured in amps, and voltages are measured in volts (after the 

scientists Ampere and Volta). Voltages are sometimes called potential differences, or 

electromotive forces, but we won't use these terms here. 

There is a big confusion for many people as to the difference between voltage 

and current. They talk about so many volts going through something when they really 

mean amps. So let's think about things in a different way. 
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Imagine water flowing through a pipe filling up a pond. The water represents the 

electrons and the pipe represents the wire. A pump provides the pressure to force the 

water through the pipe. The pump is the battery. How much water flows out the end of 

the pipe each second is the current. How hard the water is being pumped is the voltage. 

A narrow pipe will take a long time to fill the pond, whereas a broad pipe will 

do it much faster using the same pump. Clearly the rate of flow depends on the 

thickness of the pipe. So we have the situation where the same voltage (pump pressure) 

can give rise to different currents (flow rate) depending on the pipe. Try to guess what 

the thickness of the pipe represents in this model of things (answer later). 

An electric current requires a complete path - a circuit - before it can flow. In a 

circuit with a battery, the battery is both the starting flag and the finishing line for the 

electrons. A chemical reaction in the battery releases electrons which flow around the 

circuit and then back into the battery. The battery keeps the current flowing, feeding 

electrons in at one end and collecting them at the other. It takes energy to do this and so 

after a while the battery wears out. 

Current flows into a component and the same amount of current always flows 

out of the component. It is not 'used up' in any way. As the current passes through 

components things happen (an LED lights up for instance). 

1.2.1 Resistors 

Electrons move more easily through some materials than others when a voltage 

is applied. In metals the electrons are held so loosely that they move almost without any 

hindrance. We measure how much opposition there is to an electric current as 

resistance. 

Resistors come somewhere between conductors, which conduct easily, and insulators, 

which don't conduct at all. Resistance is measured in ohms after the discoverer of a law 

relating voltage to current. Ohms are represented by the Greek letter omega. 
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Think back to the model of water flowing in a pipe. The thickness of the pipe must 

represent the resistance. The narrower the pipe the harder it is for the water to get 

through and hence the greater the resistance. For a particular pump the time taken to fill 

the pond is directly related to the pipe thickness. Make the pipe twice the size and the 

flow rate doubles, and the pond fills in half the time. 

The resistors used in the kits are made of a thin film of carbon deposited on a 

ceramic rod. The less carbon the higher the resistance. They are then given a tough 

outer coating and some colored bands are painted on. 

The main function of resistors in a circuit is to control the flow of current to 

other components. Take an LED (light) for example. If too much current flows through 

an LED it is destroyed. So a resistor is used to limit the current. 

When a current flows through a resistor energy is wasted and the resistor heats 

up. The greater the resistance the hotter it gets. The battery has to do work to force the 

electrons through the resistor and this work ends up as heat energy in the resistor. 

An important property to know about a resistor is how much heat energy it can 

withstand before it's damaged. Resistors can dissipate about a 1/4 Watt of heat 

(compare this with a domestic kettle which uses up to 3 000 Watts to boil water). 

It's difficult to make a resistor to an exact value (and in most circuits it is not 

critical anyway). Resistances are given with a certain accuracy or tolerance. This is 

expressed as being plus or minus so much of a percentage. A 10% resistor with a stated 

value of 100 ohms could have a resistance anywhere between 90 ohms and 110 ohms. 

The resistors are 5% (that's what the gold band means) which is more than enough 

accuracy. 

Real resistances vary over an enormous range. In the Lie Detector there is a 1 

000 000 ohms resistor alongside a 470 ohms resistor. In circuit diagrams you will often 

see an 'R' instead of omega to represent ohms. This is a convention that dates from 

before the days of computers and laser printers when Greek letters were rarely found on 

typewriters. The letter 'k' means a thousand and its position shows the position of the 

decimal point. 
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Here are some examples: 

lOR = 10 ohms 

1 Ok = 10 kilohms = 10 000 ohms 

4k7 = 4.7 kilohms = 4 700 ohm 

1.2.1.1 Fixed value resistors 

During manufacture, a thin film of carbon is deposited onto a small ceramic rod. 

The resistive coating is spiraled away in an automatic machine until the resistance 

between the two ends of the rod is as close as possible to the correct value. Metal leads 

and end caps are added; the resistor is covered with an insulating coating and finally 

painted with colored bands to indicate the resistor value 

car~on film ~piralled 
away to give value 

in~ulating coating end cap 

metal lead 

ceramic rod 

Figure 1.1: The diagram shows the construction of a carbon film resistor 

Carbon film resistors are cheap and easily available, with values within ±10% or 

±5% of their marked or 'nominal' value. Metal film and metal oxide resistors are made 

in a similar way, but can be made more accurately to within ±2% or ±1 % of their 

nominal value. There are some differences in performance between these resistor types, 

but none which affect their use in simple circuits. 
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Wire wound resistors are made by winding thin wire onto a ceramic rod. They can be 

made extremely accurately for use in multi-meters, oscilloscopes and other measuring 

equipment. Some types of wire wound resistors can pass large currents without 

overheating and are used in power supplies and other high current circuits. 

1.2.1.2 Resistor Color Code 

The resistor color code is a way of showing the value of a resistor. Instead of 

writing the resistance on its body, which would often be too small to read, a color code 

is used. Ten different colors represent the numbers O to 9. The first two colored bands 

on the body are the first two digits of the resistance, and the third band is the 

'multiplier'. Multiplier just means the number of zeroes to add after the first two digits. 

Red represents the number 2, so a resistor with red, red, red bands has a resistance of 2 

followed by 2 followed by 2 zeroes, which is 2 200 Ohms or 2.2 kilo Ohms. 

TOLERANCE gold 

FIRST DIGIT ~llow 

SECOND DIGIT viole:t 

MULTIPLIER ret.l 
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-19 L 
0123456789 

0 - Black 
1 •• Brown 

2 - Red 
3 Orange 
4 1M Yellow 
5 - Green 
6 - Blue 
7 - Purple 
8 1M Grev 
9 D White 

±1% - Brown 
±2% - Red 
±5% 1111 Gold 

±10% - Silver 
Color Codes 

IIIIMIFfFIBHOHE 
Iii Iii f ++fjl 
111111+ 1001 
ffiHID 

4 Band Resistms 
-i&ffo@h .,c., ·-·,uwtttf'.I 

Figure 1.2: Color code identification 

While these codes are most often associated with resistors, and then can also 

apply to capacitors and other components. The standard color coding method for 

resistors uses a different color to represent each number O to 9: black, brown, red, 

orange, yellow, green, blue, purple, grey, white. On a 4 band resistor, the first two bands 

represent the significant digits. On a 5 and 6 band, the first three bands are the 

significant digits. The next band represents the multiplier or "decade". 

1.2.1.3 Resistors in series and parallel 

In a series circuit, the current flowing is the same at all points. The circuit 

diagram shows two resistors connected in series with a 6 V battery: 
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Zi mA 

••• 
I ____.__ 

R1 
1 ro 

!('.2 
1 kO 

Figure 1.3: Resistors in series. 

It doesn't matter where in the circuit the current is measured; the result will be 

the same. The total resistance is given by: 

The next circuit shows two resistors connected in parallel to a 6 V battery: 

12 mA 

6 mA I I 6 rnA _L 
6V I ; ~ V 1 LJ RI LJ R2 1 kQ 1 kQ 

Figure 1.4: Resistors in parallel. 
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Parallel circuits always provide alternative pathways for current flow. The total 

resistance is calculated from: 

This is called the product over sum formula and works for any two resistors in 

parallel. An alternative formula is: 

This formula can be extended to work for more than two resistors in parallel, but 

lends itself less easily to mental arithmetic. Both formulae are correct. 

1.2.1.4 Variable Resistors 

Unsurprisingly, variable resistors are resistors whose resistance can be varied. 

The variable resistors ( called presets) have a metal wiper resting on a circular track of 

carbon. The wiper moves along the track as the preset is turned. The current flow 

through the wiper; and then; through part of the carbon track. The more of the track it 

has to go through the greater the resistance. 

The presets have three legs. The top leg connects to the wiper and the other two 

legs to the two ends of the track. Generally only one of the track legs is actually used. 

Variable resistors are used in circuits to vary things that need changing, like volume etc. 

1.2.2 Capacitors 

Capacitors are stores for electrical charges. Like tiny batteries they can cause a current 

to flow in a circuit. But they can only do this for a short time; they cannot deliver a 

sustained current. They can be charged up with energy from a battery, then return that 

energy back later. The capacitance of a capacitor is a measure of how much energy or 

charge it can hold. 
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In its simplest form a capacitor consists of two metal plates separated by a small gap. 

Air or another non-conductor fills the gap. The bigger plates have bigger capacitance. 

To stop capacitors becoming impractically large however they are often rolled up like 

Swiss rolls. 

Figure 1.5: Capacitor contains 

Another way of increasing the capacitance is to put some non-conducting 

material between the plates. This is called a dielectric. When the capacitor charges up 

the protons and electrons in the dielectric separate out a little which allows more charge 

to be stored on the plates than usual. Dielectrics are made of various materials. Ceramic 

dielectrics are common and are used in the capacitors. 

Capacitance is measured in Farads after the scientist Michael Faraday. A Farad 

is quite a big unit. The capacitors in a Flashing Lights have capacitances of about 50 

millionths of a Farad (and they're quite powerful capacitors). The symbol for a millionth 

is the Greek letter "µ" which you will often see represented as a 'u' (the closest to the 

Greek letter on an ordinary typewriter). 

Capacitors come in two flavors, electrolytic and non-electrolytic. Electrolytic 

capacitors use a special liquid or paste which is formed into a very thin dielectric in the 

factory. Non-electrolytic capacitors have ordinary dielectrics. 

Electrolytic capacitors can store more charge than non-electrolytic capacitors but 

there are a couple of problems. They must be connected the right way around in a 

circuit or they won't work (anyone who has soldered a capacitor in a Flashing Lights 

backwards will know this). They also slowly leak their charge, and they have quite large 

tolerances. A 47uF capacitor might actually be as high as 80uF or as low as lOuF. In the 

Flashing Lights kit the capacitors control how fast the lights flash. You might have 

noticed that the rate can vary quite a lot from board to board and this is the reason. 
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When a capacitor is connected to a battery it begins to charge. The current flows 

rapidly at first. Charge builds up on the two plates, negative charge on one plate and the 

same amount of positive charge on the other. The positive charge results from electrons 

leaving one of the plates and leaving positively-charged protons behind. But as the 

capacitor fills with charge it starts to oppose the current flowing in the circuit. It is as if 

another battery were working against the first. The current decreases and the capacitor 

charges more slowly. The plates become full of charge and it takes practically forever to 

squeeze the last drop in. 

If a capacitor is shorted then it discharges. Charge flows out of the capacitor 

rapidly at first, then progressively more slowly. The last little drop just trickles out. The 

speed at which the capacitor empties depends on the resistance that connects across it. If 

a simple wire shorts out a capacitor then it empties in a flash, often with a spark if it's a 

big capacitor. 

We've seen that when a capacitor is fully charged the current stops. In other 

words a continuous current cannot flow for ever through a capacitor. A continuous 

current is called a direct current or D.C. 

An alternating current (A.C.) however can flow through a capacitor. An 

alternating current is one which is continually changing its direction. Mains are A.C. 

and change its direction 50 times a second. An alternating current continually charges 

and discharges a capacitor and hence is able to keep flowing. 

Here are some basic formulas for wiring capacitors in series or parallel. These 

are useful when you cannot find a component with the exact value that you are looking 

for. 
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