
LOW COST ELECTRONICS:
Introducing electronics at Key Stage 3 (code: 88P-SET)

Introduction
After being challenged to provide the resources for a KS3 systems and 
control course for less than £1.00, Teaching Resources has produced fi ve 
small self-assembly circuits which cover basic principles and can be 
adapted for numerous practical applications.  In offering the circuits for 
KS3 we believe that:

• many attempts at introducing electronics try to go too far too soon and 
often just leave pupils confused

• pupils should know just enough to be able to use a few electronic 
components with confi dence and apply basic principles in designing and 
making

• the fi ve circuits are suffi cient for most KS3 activities and, indeed, offer a vast 
range of design opportunities – some of which are given here as examples.

Each circuit is characterised by the kind of explanation that might be 
offered to pupils. Further, more detailed, information is provided in the 
appendices as follows:

Appendix A Construction notes
Appendix B Further information on the main components
Appendix C Technical explanation of the two transistor circuits

Note: all the circuits can be run from a 9 volt PP3 battery but will work from 
as low as 3 volts (e.g., 2 x AA batteries) if the resistor values are reduced.

The set comprises fi ve circuits which include:

• LED light with switch
• LED light with sensor

• Energy storage

• Transistor switch/amplifi er

• Electronic latch

Class Packs of Individual Circuits
Each circuit in this kit is available as a class set of 30.

edoC tcudorP
LED light with switch  Class pack of 30  88P-001A
LED light with sensor Class pack of 30 88P-003A
Energy storage Class pack of 30 88P-004A
Transistor switch/amplifi er Class pack of 30 88P-005A
Electronic latch Class pack of 30 88P-002A

Class Packs of Blank Circuit Boards
Blank, unpopulated circuit boards for each kit are also available in 
packs of 30.

Supplied by: 
Mindsets (UK) Ltd.
Shire Hill, Saffron Walden, 
Essex, CB11 3AQ 
Tel: 01992 716052
Web: www.mindsetsonline.co.uk

edoC tcudorP
LED light with switch  pack of 30 blank PCBs 88P-001B
LED light with sensor pack of 30 blank PCBs 88P-003B
Energy storage pack of 30 blank PCBs 88P-004B
Transistor switch/amplifi er pack of 30 blank PCBs 88P-005B
Electronic latch pack of 30 blank PCBs 88P-002B
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Complementary Latch
The above description of a transistor refers to a type known as NPN 
(the name refl ecting the structure of the semiconductor used in the 
transistor). Another type of transistor known as PNP works in much the 
same way, but differs in the direction current fl ows. In other words, in 
a PNP transistor current fl ows out of the base, out of the collector and 
the total current fl ows into the emitter. To turn a PNP transistor on, the 
base must drop to about 0.7V below the emitter.

A transistor of a given specifi cation (for example, gain and current 
capabilities), is often available as both NPN and PNP types. One type of 
transistor is said to complement the other and together they are known 
as a complementary pair. Such a pair of transistors can be used to form 
a transistor latch. In a transistor latch, once one of the transistors is 
turned on, both transistors are turned on and remain on even when the 
original stimulus is no longer present. The latch must then be reset to 
turn both transistors off. The latch condition is sustained because each 
transistor acts to keep its complement on. 

In the circuit shown the external input is connected to the base of 
the NPN transistor through the diode. When the input voltage is 
suffi ciently high the NPN transistor turns on and current fl ows into 
its collector. This causes the LED to light as before, but also draws 
current from the base of the PNP transistor, turning it on. Current now 
fl ows through the PNP transistor into the base of the NPN transistor 
sustaining the on condition. The diode is necessary to stop current 
from the collector of the PNP transistor from fl owing back out the 
input once the input voltage drops.  The reset switch pulls the base of 
the NPN transistor below 0.7V breaking the latch condition.

CIRCUIT 1: LED LIGHT WITH SWITCH

How it works
The LED circuit is the simplest kind of electrical circuit consisting of a 
‘loop’ of 3 components connected to a battery. When the loop is made 
continuous by closing or pressing a switch, current fl ows and the LED 
lights up.  (See Appendix B).

Applications 

With the press switch soldered to the circuit board:

1.  Torch – use a white or coloured LED with the legs folded so that it faces 
forwards

2.  Fake note detector – use a UV LED and see the security ink light up in real 
banknotes (or security marking inks on products)

LED 

150 Ohm resistor
colour code brown, green, brown

fl at side of LED

switch

battery 
connector

����

���

��

With an external on/off switch on a fl ying lead:

3.  Torch or small lamp – e.g., emergency lamp

4.  Signalling light

And more ……..

5.  Connect a sounder instead of an LED 
 to make a door buzzer or cycle ‘horn’

UV LED 
Code: EO2 030

9V buzzer
Code: EW2 002
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CIRCUIT 2: LED LIGHT WITH SENSOR

How it works
This is almost the same as circuit 1 but in place of the switch there is 
simply a gap. The circuit demonstrates that you do not need a switch to 
complete the ‘loop’. For example, you can bridge the gap with materials 
such as wet salty paper, graphite lines on paper, or special components 
whose resistance varies according to light or temperature levels. 

Applications

1. Moisture/water sensor

Connect two stiff wires to the board as probes and you can detect moisture 
levels in plant pots (the slight acidic or alkaline nature of the soil give the 
moisture greater conductivity).

Mount the probes away from the circuit and connect them with fl ying 
leads. This gives remote indication of rising water.

LED 

1K resistor
colour code brown, black, red

fl at side of LED

battery 
connector

bridge across this 
gap to complete 

the ‘loop’
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terminal block connectors
Code EC1 016A

metal 
probes

long wires connect the 
probes to the board

APPENDIX C

Technical explanation of the two transistor circuits

The Transistor (NPN)
A transistor is a three pin component that can be used to switch or 
amplify electronic signals. The three pins are known as the base, 
emitter and collector. A small current fl owing into the base of the 
transistor controls a much larger current fl owing into the collector 
(both currents fl ow out of the emitter). The ratio of these two currents 
is called the gain. For example, if we set a current of 1mA fl owing into 
the base, and the transistor allows 100mA to fl ow into the collector, 
the gain of the transistor is 100. Because the collector current is simply 
the base current multiplied by the gain, the transistor can act as an 
amplifi er.

Transistors are also commonly used as electronic switches. The base 
current controls the state of the transistor, “on” or “off”. When no 
current fl ows into the base the transistor does not allow any current to 
fl ow into the collector: the transistor is off. To turn the transistor on, 
we apply enough base current to cause the maximum possible current 
to fl ow into the collector, the transistor is said to be saturated, or “on”. 
Another important feature of a transistor is the fact that no current 
fl ows into the base if the voltage at the base is below about 0.7V. The 
light sensor circuit makes use of this fact. The transistor will turn on 
when the light falling on the LDR is below a certain level. The voltage 
at the base is determined by a potential divider formed by the 100k 
resistor and the LDR. In bright light the LDR has a low resistance and 
the voltage at the base of the transistor is too low to turn it on. The less 
light falling on the LDR, the higher its resistance and the greater the 
voltage at the transistor's base. Once this voltage reaches about 0.7V, 
current fl ows into the base and the transistor allows current to fl ow 
through the LED.
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Resistors
The resistor is a component that restricts the fl ow of current in a circuit. 
Resistance is measured in units called ohms – the higher the value in 
ohms the greater the resistance. A resistor of one million ohms (1M) 
is almost an insulator and resistor of 1 Ohm (1R) is a good conductor. 
Resistors are used, for example, to prevent too much current fl owing 
through LEDs causing them to overheat. 

Most resistors are colour coded as follows:
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Capacitors
A typical capacitor contains two plates of conductive fi lms separated 
by an insulator. The area of these plates or fi lms (plus some chemical 
additions) determines capacity measured in farads (F). This is a very 
big unit and most larger capacitors used in electronics are measured 
in micro (one millionth of) farads. In recent years physically small 
capacitors with a storage capacity of 10 farads or more have become 
available. These are sometimes called super capacitors and are capable 
of running electric motors for useful lengths of time. In the near future 
it is predicted that capacitors will outstrip the energy storage capacity 
of conventional batteries. 

Important note: many capacitors are polarised which means that you 
must connect them the correct way around to avoid damage. One leg 
will be marked negative with symbols on the component casing.

a fi xed value resistor

a 10 Farad super capacitor

2.  Light sensor

 Connect a light dependent resistor (LDR) across the gap and the brightness 
of the LED will depend on how much light falls on the LDR. The darker the 
LDR the greater its resistance (it varies between 1million ohms in the dark 
to 25 ohms brightly lit).

 Use this to give an indication of whether a light is on or off in a building 
– the LDR may be connected to a fl ying lead.

 Note: an LDR is included in the kit to make this circuit.

3.  Temperature sensor 

 Connect a thermistor across the gap. The resistance of this will drop 
according to temperature. There are many types of thermistor each with 
different temperature ranges. 

 Use this to give an indication of heat – e.g., safe temperature of water

light dependent 
resistor (LDR)

4.  Continuity indicator/fuse tester

 Connect fl ying leads to the PCB. Any conductor bridging across these will 
cause the LED to light up.

thermistor
Code: ER4 1K



- 12 - - 5 -

CIRCUIT 3: ENERGY STORAGE CIRCUIT

How it works
This circuit enables electrical energy to be stored in a capacitor – a sort 
of rechargeable battery. Think of the circuit in two halves: the fi rst half 
is a capacitor or empty battery that can be fi lled or charged from an 
ordinary battery, solar cell, small generator etc. (The diode – a one-way 
valve for electricity - lets current into the capacitor but not back to 
source.) The other half of the circuit is an LED with switch. When you 
press the switch, electrical current will fl ow from the capacitor to light 
up the LED. (See appendix B).

capacitor

LED 

680 Ohm resistor
colour code blue, grey brown

fl at side of LED

diode
switch

silver 
band

connection to 
battery, solar 

cell, generator, 
etc.

negative leg 
of capacitor 
this side

Note that the negative 
leg of the capacitor is 
shown on the body of the 
capacitor
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APPENDIX B

Notes on principal components

LEDs 
An LED (light emitting diode) is a component that gives out light 
when a current fl ows through it. LEDs use less energy that a fi lament 
bulb and give out less heat.  They are already used as ‘signal’ lights in 
electronic equipment, for torches, desk lamps and in some televisions 
to provide the picture. Because they are more effi cient than ordinary 
fi lament bulbs, they will be used for lighting our homes in the near 
future.

LEDs come in most colours and sizes and some are combined so 
they look like a single LED but actually contain two or more LEDs of 
different colours. In a rainbow LED, different LEDs inside are switched 
on and off by a tiny circuit the size of a full stop – and they change 
colour slowly.

standard 5mm LEDs

Two important points to note when using LEDs:

• The LED is a form of diode and so current fl ows through it only in one 
direction. If the LED is connected in a circuit the wrong way around nothing 
happens. (The fl at part on the LED case is next to the leg that should be 
connected to negative. This leg in usually shorter than the other one).

• Most LEDs require a minimum voltage to work. A single 1.5 volt battery 
will not light up a typical LED unless you use a booster circuit. A 3 volt 
supply – e.g. 2 AA batteries connected in series will be fi ne. You can use 
high voltages, but the circuit should contain a resistor to prevent too much 
current fl owing through the LED. Note: some LEDs have a built-in resistor. 
The higher the value of a resistor in an LED circuit, the dimmer the LED. 
There are simple formulas for working out the value of the resistor in an 
LED circuit, but in practice you can normally use anything between 100R 
and 1K.

rainbow LEDs.  Simply connect 
them to a battery and cycle 
through the colours of the 
rainbow.  Code: 161-517
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APPENDIX A

Constructional notes

Soldering
Fit the component legs and wires through the PCB holes to the 
required depth and hold them in place by (a) bending the legs on the 
solder side of the board or (b) placing a small blob of Blue-tack over 
the component on the top side of the PCB. With the board secured 
in a vice or suitable holder, bring the soldering iron tip to the solder 
joint and at the same time touch the end of the solder wire on to 
the joint. Do not pre-load load the soldering iron tip with solder and 
bring this to the solder joint since the fl ux will burn off in the 
process.

Using screw terminal blocks
Many of the holes/pads on the PCBs have been spaced to accommodate 
screw terminals. The pins of these are simply pushed through the 
holes and soldered in position. This enables quick replacement of 
components on top of the board.

soldering iron

component 
legs

solder

circuit board

PCB terminal block
2-way, code: EC1-016
3-way, code EC1-016D

terminal blocks 
soldered to the 
circuit board

The kit is supplied with a battery connector for testing or 
demonstrating the circuit.  

• When the battery is connected, the capacitor charges up.

• When the battery is disconnected the capacitor retains this electrical 
energy.

• When the switch is pressed, an electric current fl ows from the capacitor and 
lights up the LED.

Note: the kit is supplied with a 1000 microfarad capacitor, which will 
light the LED for a couple of seconds.  A larger capacitor will power the 
LED for much longer - e.g. a 10 Farad capacitor (code: EC4 050)

Applications
This circuit enables a small current to build up in the capacitor to run 
something like an LED or small motor. Think of a toilet cistern; it fi lls 
up slowly and then empties in a rush. For example, the small current 
generated by a solar cell is too small to run most electric motors, but if 
you store up the current over time, you can run the motor for a short 
period.  You could make:

1. solar light/torch - connect the 
solar cell in place of the battery.

connection 
to battery

2. generator powered light/torch - using, 
for example, the SEP wind turbine.

3. rechargeable light/torch

4. rechargeable fan 

solar cell
Code: EL1 006

SEP wind turbine 
Code: 211-010
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CIRCUIT 4: TRANSISTOR SWITCH/AMPLIFIER

How it works
This circuit is a more sensitive version of circuit 2. A transistor can be 
thought of as a kind of switch that enables a small current to cause a 
large current to fl ow.  The transistor is the switch in a circuit like circuit 
1 and is normally ‘off’. If you allow a small current to fl ow to the base 
leg, the transistor switches on and a relatively larger current fl ows 
through from collector to emitter. (See Appendix C for a more detailed 
explanation).

Applications using the transistor, two resistors and an LED
Solder on the components and attach fl ying leads to the base resistor 
and +ve as shown. When you touch the fl ying leads together a small 
current fl ows to the base and switches on the transistor causing the 
LED to light up. 

	
���	
�

�����

����

�������������	 �������
��
��
�������������������	 ����
������	��!�
�����������
	
���	
����!����������

������	 ����
�����
	 ����

collector
base

emitter

Note:  Please use the transistor with ‘BC548’ printed on the black casing.

1.  Sensitive moisture indicator – if the wires are used as probes and touched 
on something moist or placed in water, the LED lights up. This is a much 
more sensitive version of circuits 1 and 2. 

2.  Lie detector – the LED will light up if you bridge across the leads with moist 
fi ngers: the theory is that your hands sweat more when you are telling fi bs.

LED 

330 Ohm resistor
colour code orange, orange, brown

fl at side of LED

transistor BC5481K resistor
colour code brown, black, red

fl ying leads

Application using trigger components

3.  You can use an LDR, thermistor or other suitable components to trigger the 
alarm. These components are connected as part of a potential divider as 
in the circuit 4. You can juggle with the values of the ‘balancing’ resistor 
to give the circuit different sensitivity to heat, light, etc. – or you might use 
a variable resistor to do this.  The example below shows an LDR used as 
the trigger component.  If the LDR is in darkness for just a moment (e.g. a 
light beam is broken), the circuit will be triggered.  Your kit includes a 47K 
resistor and an LDR to demonstrate this.

47K resistor
colour code yellow, blue, orange

LDR

To adjust the sensitivity of 
the circuit a 100K variable 
resistor (code: ER1 100K) 
may be used in place of 
the 47K resistor.

Other components for 
triggering the circuit include 
a tilt switch (code: ES1 011) 
and a microswitch (code: 
ES1 004).
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CIRCUIT 5: ELECTRONIC LATCH

How it works
Some press-button switches only remain closed while you press them. 
Light switches stay latched in the on or off position. This circuit is 
the electronic version of the light switch: when you trigger it with 
a small current, it stays on until re-set. One transistor keeps the 
second transistor switched on (see Appendix C for a more detailed 
explanation).

Applications

1. Solder on the components as shown and add two fl ying leads. 

Note: the two transistors are different types; please check the numbers on 
printed on the transistors carefully.

When you touch the leads together the LED comes on and stays on – until 
you press the re-set switch. (The re-set switch can itself be connected via 
fl ying leads if you want). You can now connect the fl ying leads to a suitable 
trigger switch – e.g., press switch, tilt switch, reed switch (magnetically 
operated), QTC switch or membrane panel switch that you make.  When 
the switch is closed momentarily, the LED comes on and stays on. This 
will tell you, for example, if someone opened a door or interfered with 
something when you were out.

2. If you substitute a buzzer for the LED, you have a true burglar alarm: the 
buzzer makes a noise until the alarm is re-set.

330 Ohm resistor
colour code orange, orange, brown

fl at side of LED

transistor BC548

transistor BC558

10K resistor
colour code brown, black, orange

10K resistor
colour code brown, black, orangediode

note position of 
the black stripe

reset switch

fl ying leads 
(trigger switch)

Applications using input components
Transistor circuits often use two additional components in an 
arrangement called a potential divider. In the example shown, we have 
a light dependent resistor (LDR) and a fi xed resistor. Think of these as a 
kind of resistance ‘see-saw’. 

When the bottom component (LDR) has a lower resistance than the 
top one (resistor), no current fl ows to the transistor base and it stays 
switched off. When the bottom component has a higher resistance, 
some current will fl ow to the base and start to turn on the transistor. 
So, if the bottom component is an LDR, the transistor will turn on 
when the LDR is in darkness and off when the LDR is in bright light. If 
you swap the components around, the opposite will happen.

Practical applications for the transistor circuit include:

Night light

Light meter

Temperature indicator

Moisture sensor

light dependent resistor (LDR)

100K resistor
colour code brown, black, yellow
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