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Revising some basics

The picture shows an exploded view of a toy 
buggy made to look like a mouse. It is controlled 
by the switches on the remote controller. These 
are connected to the buggy by ribbon cable. Below 
the picture is a circuit diagram showing how the 
buggy works.

These are the key points to note.

•   The LED eye circuit, the buzzer circuit and the 
motor circuit are in parallel to one another.

•   The LEDs come on as soon as the toy is switched 

on so they act as a ‘power on’ indicator.

•   The LEDs have protecting resistors.

•   The on switch is a single pole/single throw toggle 

switch.

•   The eyes can be made to ‘blink’ with a push-to-

break switch.

•   The mouse can be made to ‘squeak’ by operating 

the buzzer with a push-to-make switch.

•   The mouse can be made to go forwards and 

backwards with a double pole/double throw 

slide switch with a centre-off position.

•   The battery is in the control unit so the toy itself 

is light and fast moving. A child would have to run 

after it to keep up.

•   The circuit diagram shows how the components 

are connected together; not how they are laid 

out in the toy or the controller.
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Light sources

For illumination use a lamp or bulb. These may 
get hot, so take care to ensure there is adequate 
cooling. You can find out about the range of bulbs 
available in the Electrical Components Chooser 
Chart, a separate download.

  resistor

    the negative (cathode)  
    of the LED is always  
    on the side with the  
    flat edge

For indicating, use light-emitting diodes (LEDs). 
These only give small amounts of light but they do 
not get hot. As an LED conducts electricity in one 
direction only it has to be placed in a circuit the 
correct way round. Some useful information about 
LEDs is shown in the table.

Micro-switches

A micro-switch is a tiny switch which requires only 
a small amount of force to operate. This means 
you can use the moving parts of a mechanical 
system to operate micro-switches and have 
automatic electrical control. You can use cams or 
levers to operate the switches as shown in the 
example.

Here is the design for a circuit to cause the head 
of an automaton to turn in a clockwise direction 
and then in an anticlockwise direction. It uses 
a timer motor to operate a cam which controls 
three micro-switches – one push-to-make switch 
and two single pole/double throw changeover 
switches. The cam turns slowly because the 
camshaft is connected to the motor through a 
compound gear chain which reduces the speed of 
the motor from 300 r.p.m. to 1 r.p.m.

When motor M2 is switched on nothing appears 
to happen for 10 seconds until part of the cam 
operates the push-to-make switch. Then motor 
M1 comes on, turning the head in a clockwise 
direction for 25 seconds. Then the cam operates 
the micro-switches which reverse the direction of 
the motor and for a further 25 seconds the head 
turns anticlockwise. The cam then releases all the 
micro-switches and the procedure repeats.

Key

 Micro-switches  
 controlled by cam

M1 Motor operating  
 automaton head

M2 Timer motor  
 operating cams

 Switch operating  
 timer motor

	 Type	of		 Shapes	and	 Needs	 Cost	
	 LED	 colours	available	 protecting		
	 	 	 resistor? 

standard o m in red, yellow,  yes low 
         green

high intensity m in red, yellow, green yes low

ultra bright m in red, yellow, green yes med

flashing m in red no high
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Choosing electric motors
You can use the information in the table to help you choose an 
electric motor suitable for your design.

The monostable circuit

It is sometimes useful in toys or automata to have an electric 
circuit that operates for a set length of time and then turns 
itself off. You can use the monostable circuit shown here to 
achieve this.

 Very	light	duty		 Light	duty	built-in	 Medium	duty	built-in

	 no	gears	 nylon	gears	 steel	gears

Size (mm) 20 X 40 X 40 40 X 40 X 80 40 X 40 X 100

Cost very low medium high

Source Maplins Radio Spares Radio Spares

Operating voltage 6–12 V 12 V 12 V

No-load speed  70 r.p.m. 130 r.p.m.

Turning power very low medium high
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It uses a 555 timer microchip (integrated circuit) 
plus resistors and capacitors to provide the timed 
output. The circuit also includes a transistor 
which can provide a larger output current than the 
microchip. The transistor can be used to operate 
light bulbs, buzzers and LEDs. For larger current 
devices it can operate a relay.

The circuit works like this. Before the switch S is 
pressed the output voltage at pin 3 is low. When 
the switch S is pressed the voltage at pin 3 goes 
high and this causes the transistor to switch on and 
operate either the relay or other output devices.

The time that the transistor stays on depends on 
the values of resistor R1 and capacitor C1. It is 
given by the formula T = R1 X C1 approx., where  
T = time in seconds, R1 = resistance in ohms and  
C1 = capacitance in farads. If R1 has a value of  
1 MΩ (1 000 000 ohms) and C1 a value of  
10 µF (10 X 10 -6 farads),

     T = 1 000000 X 10/1 000000 = 10 seconds.

During this time the motor drives the 

mechanism operating the automata

Motor on

The time of operation is governed by 

the RC value in the monostable circuit
Motor off

Coin put into money box

operates a microswitch which

triggers monostable circuit

Monostable circuit turns

off until another coin is

put into money box

Changing the value of either R1 or C1 will change 
the time the transistor stays on, as shown in the 
following table.

Output times for monostable circuit

R1	 C1	 Monostable	output	time		
	 	 R1 x	C1	approx.

100 kΩ 1 µF 0.1 seconds

1 MΩ 1 µF 1 second

10 MΩ 1 µF 10 seconds

100 kQ 10 µF 1 second

1 MΩ 10 µF 10 seconds

10 MΩ 10 µF 100 seconds

100 kΩ 100 µF 1 second

1 MΩ 100 µF 100 seconds

10 MΩ 100 µF 1000 seconds
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Applying Ohm’s law

Sophie wanted to use two lamps in parallel as the eyes in an automaton. She wanted the eyes to get 
brighter and dimmer. She knew she could use a variable resistor for this and that she could adjust the 
variable resistor using a crank link and slider system where the slider was a rack operating a pinion on 
the shaft of the variable resistor. Her problem was choosing a suitable value for the variable resistor. This 
is how she worked it out:

EYES IN AUTOMATON

VARIABLE RESISTOR 

Can be turned by 
crank link slider 
system operating a 
rack and pinion.

Electrical assembly

Designing a circuit that works is only the first step. 
You then have to build it so that it works.

The first step is to turn the circuit diagram into a 
layout drawing and use this to guide your making. 
The doll’s house that Nathan designed is a good 
example. You can see from the circuit diagram that 
the light in each room can be turned on or off and 
be either bright or dim.
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In the doll’s house

•  Lamp holder is fixed into position;  
not held in place by wiring.

•  No bare wire is showing at  
connection to lamps.

•  Wiring is connected to lamps  
by screw terminals.

•  Wiring to individual lamps is  
laid out neatly and held in  
place by cable clips.

•  Ribbon cable is clamped  
at back of doll’s house.

In the control box

•  Ribbon cable is used for the wiring from the control 
box to the doll’s house.

•  Ribbon cable is clamped at exit from control box.

•   Resistors are mounted on matrix board to keep them in 
fixed position and avoid stress on soldered joints.

•  Control box lid has been drilled to take switches 
which are held in place by screw fittings.

• Battery is held securely in its own compartment.

• Main control switch plus LED show when power is on.

• Power-indicator LED held in position with grommet.


