Design Technology – Horbury School - Wakefield
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[image: image5.wmf]We take electronics and electricity for granted these days; try to imagine getting up in the morning and getting ready to go out for the day with no electricity or electrical equipment – no hot shower; no hair dryer to dry your hair that you have washed in cold water because there was no hot water because the central heating wasn’t working; no cooked breakfast or even a hot drink before you leave the house without watching The Big Breakfast!  The clothes you wanted to wear are still dirty or need ironing and you can’t e-mail your mate to borrow theirs because of course, you can’t use the computer!  All that inconvenience in the space of an hour – now imagine living like that permanently.  So many places rely totally on electrical energy – banks, building societies, schools, shops etc. – these are all dependant on computers or other electrical equipment, and in some cases it’s not just a matter of convenience either but of life and death, think of hospitals and how much they rely on electricity.
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Technology has developed very rapidly over the last 100 years.  Electronics has been largely responsible for the very rapid progress that has been made in the technological design field.  Space exploration would not have been possible without electronics to control, measure and communicate – to give an example of just how fast technology has developed when Neil Armstrong walked on the moon, the digital watch hadn’t been invented and mobile ‘phones were considered futuristic!

It is likely that in the future, historians will look back and refer to the period we live in today as the ‘Electronic Age’, just as we now refer to the ‘Iron Age’ and the ‘Industrial Age’.

A Circuit

When the battery is connected in a circuit, electrons flow.  The amount of flow, the current, is measured in amps.  The voltage can be seen as being similar to the pressure of water in a high tank connected by pipes to a lower one as shown in the diagram below.

[image: image7.wmf]The amount of water flowing in the pipe is the current and the restriction in the pipe is a resistor.  By using a plumbing system to describe a circuit we can visualise the electrical flow.  If the tank is positioned higher, the pressure is greater and the water flows faster in the pipe - the higher the voltage the more power there is in the circuit to drive the electrons.  If there is a larger restriction in the pipe, the flow of water is smaller in the same way, the larger the resistor in the circuit, the smaller the current.

The relationship between the voltage, the current and the resistance in an element of the circuit is always the same – this is called Ohm’s Law.  Ohm’s Law states that the current, I, flowing through an element, is directly proportional to the voltage drop, V, across it at a constant temperature.  It is usually written as V = IR.  It is possible to calculate  any one of the three if the other two are know by rewriting the equation as either:  I = V/ R or R = V / I.  Given a voltage, it is possible to find a suitable resistor to give a specified current value.

How It Works
An electronic circuit has three main blocks in order to work:-
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The input is the part that senses changes, for example, in temperature, moisture or light.
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The process component detects changes in the input device and reacts to control the output.
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The output is controlled by the rest of the circuit.  Outputs can be sound, light or movement.

Power Sources

Every circuit must have a source of electrical energy.  The one you are most likely to use is a battery or power pack running from the mains supply acting as a battery substitute.

Series

Cells can be connected in SERIES , that is positive to negative, to produce a higher voltage, i.e. a PP3 battery has six cells each producing 1.5 volts, making a total of 9 volts.
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Four cells in series

Parallel

Alternatively, cells can be connected in PARELLEL, that is positive to positive, negative to negative.  The total voltage produced is still 1.5 volts, but the battery will last much longer than a single cell.
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Four cells in parallel

Making a Circuit

Figure 1 is a drawing of a circuit showing some of the components arranged to make a simple circuit.  Figure 2 is a circuit diagram of the same circuit.
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Fig. 1







Fig. 2

What It Does:
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Battery
provides the power for circuits.  Electric current is pushed around the circuit by electronic pressure difference called voltage  Safe to use and if used carefully will last a long time.  Because of their small size, 9 volt batteries like the PP3 or PP6 are very useful for projects.  The battery is connected to the circuit by a battery clip.  The battery has a positive and a negative terminal.
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Switch
used to make or break connections.  A few examples of the many types available are shown left.
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Diode
semiconductor device which allows the current to flow in one direction only.  A diode is like an electronic one way valve and is often used to protect other components or whole circuits from damage.  The band around a diode shows the cathode, which is the negative end.  The diode is shown as a bar in a circuit diagram.

Light Emitting Diode (LED)
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small bulbs which are red, green or amber in colour.  They glow when a current is passed through them but only use a small amount of power.  They must be connected the right way round – long leg positive, short leg negative, and need a protective resistor in series because too large a current can damage them.  The flat on the side of the LED indicates the negative leg.
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Capacitor
stores electricity.  How much electricity can be stored is the measure of its’ capacitance (C).  The unit of capacitance are Farads.  These are very large units and most capacitors you will use will be measured in Microfarads (uF). One microfarad is equal to one millionth of a farad.


The capacitor consists of two metal plates separated by an insulator call a dielectric.  The plates are very close together but the electricity cannot pass across the dielectric.  When the capacitor is connected to a voltage supply, a current will flow while the capacitor collects its charge, something like a bucket filling with water, when the capacitor is full, the flow stops.  The electrons in the capacitor will gradually leak through the dielectric until both plates are equally charged.  The capacitor is then said to have discharged and the electrons flow again.  Capacitors are often used with resistors to give a time delay.  There are many types of capacitors usually named according to their dielectric material, one type usually used is:-


Electrolytic Capacitor – has its capacitance written on it.  It is polarised and therefore, must be fitted the correct way round in the circuit.
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Transistor


 is a semiconductor device made from two diodes.  




Transistors have two connecting wires and form the 
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basis of most electronic circuits that involve electronic switching.  Transistors work as a conductor or insulator in a manner similar to a press switch, just like a finger pressing a switch makes it work, putting voltage in to the base of the transistor makes it work.  It is important to connect a transistor the right way round and also not to put too much current through, as this could damage it - it is usual to include a protective resistor to prevent damage.  The voltage at the base of the transistor is controlled by the input.  When the voltage at the base reaches 0.6 volts the transistor switches on.  The resistors in the input part of the circuit decide the voltage.
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Resistor
restrict the flow of electricity.  Resistors are one of the most common components in a piece of electronic equipment.  The unit of resistance is called the Ohm (Ω). The resistor is made from materials that can be constructed to give various resistance values i.e. metal is a good conductor and has a low resistance, plastic is a bad conductor and has a high resistance value.  There are many different types of resistors including:- fixed, variable, light dependant, thermistors.  

Buzzer 
emits sound when the circuit is completed.  The buzzer is connected to the circuit by a red and a black wire – it is very important that these are connected the right way round.

Light Dependant Resistor 


a special kind of resistor – it can change value 

according to how much light falls on the sensitive cadmium sulphide surface.  The resistance can change from 10M ohms in the dark to 1K ohms in daylight.  The LDR can be connected in th4 circuit any way round.   They are suitable for detecting light levels i.e. for security lighting which turns on as soon as it starts to go dark.

Resistors

Fixed value resistors are cheap and easy to use and are available in a huge range of values and are very small.  It is important to be able to identify the value of a resistor so that you know which one to use in your project.  To enable you to identify the value easily resistors are manufactured with a series of coloured rings, each representing a set value.  The first three bands on the resistor give the value, and the fourth, which is usually spaced a little further away, gives the tolerance.  You can work out the values using the table below.  

· Hold the resistor so that the tolerance band, band D, is on the right hand side

· Band A gives the first digit in the value

· Band B gives the second digit in the value

· Band C gives the number of noughts to be written after the first tow numbers

Colour
Band A
Band B
Band C

Black
0
0
-

Brown
1
1
0

 Red
2
2
00

Orange
3
3
000

Yellow
4
4
0000

Green
5
5
00000

Blue
6
6
000000

Violet
7
7
0000000

  Grey
8
8
00000000

White
9
9
000000000


    A
  B
C
      D



Example 1: Using the table, work out the value of a resistor with Band A as red, Band B as Violet and Band C as Orange.  Combine all the numbers (Red = 2, Violet = 7, C = 000), the value of the resistor is 27,000.  

We can shorten this to 27k because:-

1,000 Ohms = 1 kilo-ohm (k)  and 1,000kilo-ohms = 1 mega-ohm (M)

Example 2:  Band A Is yellow, Band B is violet and Band C is red – what is the value of the resistor?  

A = 4, B = 7, C = 00 so the value is 4,700 ohms or 4.7k but to save confusion with the decimal point this is written as 4k7.

Example 3: Band A is red, Band B is red and Band C is red – what is the value of the resistor? 

A = 2, B = 2, C = 00 so the value is 2k2.

Variable Resistors – you can vary the resistance by turning a knob or screw.  You will have used these when altering the volume on a radio for instance.


                                                                                                                

                          Turn screw to adjust. 

         

    Size of resistor will be marked on the side.       

                                                                                 

Soldering

Soldering is a permanent method of connecting components in an electrical circuit.  Solder is a metal alloy of 60% tin and 40% lead which melts at around 200°C.  The solder is used in the form of a wire that contains a core of flux, which melts with the solder and helps to stop the joint oxidising while it is being heated, it also helps the solder to ‘run’ into the joint properly. 

Bad soldering or ‘dry’ joints cause many circuit problems but the technique of soldering is relatively easy, simple rules should be followed to ensure success.

· All components must be clean and grease free – solder will not adhere to paint, grease, oil wax or melted insulation

· Make sure that the tip of the soldering iron is clean before heating it up

· Heat both parts of the joint with the soldering iron for a few seconds

· Keep the iron in place and apply the solder allowing it to ‘run’ into and around the joint

· Remove the iron but allow the solder to cool without moving the connection – this only takes a few seconds

· Soldering irons get VERY hot and can burn you or even cause a fire, make sure you use them sensibly and put them down carefully

· Unplug the iron when you are not using it – do not leave a hot soldering iron unattended

· Make sure the power cord isn’t lying where you – or someone else - can trip over it

Producing a PCB Etching
A permanent circuit can be made using a printed circuit board.  This is made from a thin plastic board with a very thin layer of copper on one side.  There are several ways to make a PCB

1. Plan the layout on tracing paper working from our circuit diagram.  You must take account of the shape and size of each component and make sure that you draw the lines clearly and accurately.

2. Turn the tracing paper over and place it on the copper side of the board and carefully go over your lines, pressing firmly, this will transfer the lines onto the copper. 

3. Remove the tracing paper and go over the lines on the copper with an etch resist pen or transfers.  If you use an etch resist pen draw a circle for the connections leaving a small patch of copper showing in the centre.

4. Put your PCB in the etch tank to remove the unwanted copper areas.  The etch tank contains ferric chloride acid and will agitate the board which speeds up the process.  When the etching is finished wash the board thoroughly to remove all traces of acid – use tongs to handle the board – clean carefully with wire wool.

                                     
Printed Circuit Board


       Circuit Diagram


Transferring lines from 

paper to PCB
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