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JUNIOR ENGINEERING PROJECTS 

MAGNETIC COMPASS 

The construction of the 
Magnetic Compass is   
simple, requiring no     
special tools and results in 
a workable instrument. 
The properties of magnets 
are demonstrated in a 
practical way.  The pupils 
have to magnetise the 
compass needle and    
understand how to construct the points of the   
compass from first principles. The project can be 
developed into mapping an area using triangulation 
for the more advanced pupils. 
 
Topics learned:    Properties of magnets; Meth-
ods of magnetising; Points of the     compass; 
Angles; Friction. 

AEROGLIDE 

The BMFA Aero Glide is  
a simple glider made  
from card and wood.   
It enables the pupils to  
understand the forces on 
an aircraft and the  
principles of flight.   
The practical effects of balance and the centre of gravity are  
introduced.   
Adjustable control surfaces enable the model to be optimised to 
obtain the best flights.  It is an ideal project for a competition—
for instance, a prize might be given for the best flight.  Special 
tools are not required for this project.  
 
Topics learned: Lift from an aerofoil; Balance of forces; 
Centre of gravity. 

STEADY HAND GAME 

The Steady Hand 
Game provides a ‘fun’ 
way of making and  
understanding an  
electrical circuit. It is a 
popular project  
especially when made 
before events such as 
a School Fete when 
children can then use 
it as a ‘side show’. The 
properties of conductors and insulators can be  
discussed and the usual warnings about the      
dangers of electricity can be reviewed. The flow of 
electricity is shown to be analogous to the flow of 
water in a piped circuit—the battery being the pump 
and the wires being the pipes. The electrical       
current, measured in ‘amps’, is represented by the    
quantity of water per second and the ‘volts’ by the 
water pressure. High voltages can give us a nasty 
shock but voltages less than about 10% are       
perfectly safe. 
 

Topics learned: Conductors and insulator;  

Electric circuits; Polarity batteries;  Electricity 

and Health & Safety. 

MORSE KEY & BUZZER 

The Morse Key and Buzzer   
project introduces electromag-
netism and circuits together with 
communication and codes. In 
this circuit, when the key is 
pressed, current flows through 
the coil and pulls the armature 
towards it.  This causes it to 
leave contact with the pointed 
screw, breaking the circuit and 
releasing the armature which 
then springs back to contact the 
pointed screw to make the circuit again. This ‘make and 
break’ process is what generates the buzz. 
Samuel Morse was aware of the growing need to send     
messages quickly over hundreds of miles, for example as  
railways expanding across America.  He heard about electro-
magnetism, realised this could be used for sending messages 
and developed his famous Morse code using long and short 
pulses in different combinations. 
 
Topics learned: Electromagnetism; Make and break  
circuits; Morse Code; Codes in general. 
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SLIDE RULES 

Until the 1960s the 
Slide Rule was the 
universal calculat-
ing tool used by 
engineers and 
many scientists but 
now has been   
totally superseded 
by the electronic 
calculator.  It has some advantages—it does not require elec-
tricity. Its accuracy—thee significant figures—is usually all 
that is required. However it has the great disadvantage that 
one has to work out the position of the decimal point— a   
nuisance and source of error.   
The explanation of how it works is most likely beyond the 
comprehension of most  of the pupils but its use is certainly 
not. Several children have described it as ‘cool’ when shown 
how to use it. 
 
Topics learned: Calibrated scales; Addition using scales; 
Logarithmic scales; The use of Mathematics. 

SOFT SOLDERING 

Soft soldering is used  
generally to join two  
similar or different  
metals together  
where the strength of  
the joint is important.  
A low melting point  
solder (less than  
300°C) is used to 
make the joint and 
bridge the gap       
between the  
components.   
It is used extensively 
for making electrical connections.  The surfaces to be 
joined have to be absolutely clean for the solder to bond to 
the component  A film of metal oxide which can be present 
on the surfaces prevents this bond.  A flux is used to keep 
the surfaces clean and dissolve the oxide whilst they are 
heated, which is usually a resin.  The pupils get practice 
soldering various shapes in copper wire—for the girls, a 
piece of ribbon is included which can be used to make the 
object into a pendant. 
 
Topics learned: Soldering technique; Melting     metal; 
Health & Safety requirements. 

ROBOT DUCK 

The battery-operated 
motor in the Robot 
Duck is of the DC 
type using permanent 
magnets,  enabling it 
to be  reversed by     
changing the battery    
polarity. The children 
can experiment with 
this before the duck 
is assembled. The 
worm and wheel   
reduces the speed of the motor to that of the gearbox shaft 
with a single pair of gears. The worm and wheel ratio is 
equal to the number of teeth on the gearwheel divided by 
the number of threads or ‘starts’ of the worm. The rotation 
of the shaft is converted to the ‘up and down’ motion of the 
duck’s legs with cranks (called cams on the instructions).  
The duck legs or ‘crankshafts’ go through and pivot about 
the base-plate making the feet to rotate moving from side 
to side as well as up and down. The rotation of the feet 
causes the duck to ‘walk’. It can walk forwards or back-
wards by changing the direction of rotation of the shaft. 
 
Topics learned: Electrical polarity; Elements of  
machines; Gear ratios. 

LETTER BALANCE 

Weighing machines  
either compare the 
weight of the object 
against a standard or 
measure the gravita-
tional force the ob-
ject exerts on the 
machine.  
A spring balance is 
an example of the 
latter.  
Electronic balances are just ‘electrical’ spring balances with 
an electronic  display.  
This Letter Balance is of the comparative type where the 
turning force of each arm of the comparative balance     
exerts a bending force or moment on the balance beam 
and is in equilibrium when these are equal.   
The bending moment is the product of the force and      
distance to the pivot point. In a conventional balance the 
distances between the pivots to the points where the force 
or weight acts, are equal. This balance is known as a  
Steelyard Balance where the moment on one side of the 
pivot is adjusted to be equal to that of the other. 
 
Topics learned: Bending moments; Equilibrium of  
moments; Mathematical equations 
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HELICOPTER 

The forces on 
a helicopter 
are similar to a 
fixed wing  
aircraft except 
the lift is   pro-
vided by the 
rotor and  
opposes the 
weight of the 
aircraft. The 
rotor blades 
are like     rotating wings generating life but require power 
to drive them.  The engine driving the rotor requires a  
turning force to rotate it. This causes an equal and  
opposite force on the helicopter fuselage which is  
generally prevented from rotating by the thrust of a  
small propeller on its tail. By controlling the thrust the air-
craft can remain stationary or rotate in either  
direction. In the case of the model Helicopter, the  
reaction of the rotor is taken by the air resistance of the 
rotating fuselage. The fuselage rotates at a much slower 
speed than the rotor. 
 
Topics learned: Life and thrust from a propeller;      
Balance of forces; Balance of turning moments. 

 

MICROMETER 

The micrometer is 
an instrument for 
measuring small 
objects very       
accurately.  It uses 
a precision screw 
thread with a pitch 
of exactly 1mm 
connected to a disc 
with 100 divisions 
arranged so that 
the turning of the 
disc by one division advances the thread by 1/100 of a mm.  
Without micrometers and other precision measuring       
instruments it would not have been possible to achieve the 
industrial development that we now enjoy. Nowadays 
length measurement are made with very sophisticated  
instruments using digital readouts but the micrometer is still 
in use on most workshop floors. 
 
Topics learned: Measurement of lengths; Screw 
threads; Decimals. 

 

BLOODHOUND BALLOON CAR 

The motive power 
of the real BLOOD-
HOUND SSC Jet 
Car is provided by 
an aviation jet   
engine and a    
controllable rocket 
motor.  It is hoped 
that with this British  
invention, the land 
speed record can 
be raised to over 
1000mph, well 
above the speed of 
sound.  All the components of the vehicle and its stability at 
high speeds have been researched extensively to make 
sure the car will be as safe as possible.  The challenge of 
how far and fast our Bloodhound model will go, powered by 
the air within an inflated balloon, will depend on the pupil’s 
care in its assembly and operation. 
 
Topics learned: Thrust from the reaction of the jet and 
rocket motors (in the real vehicle); importance of the 
weight of the car in the resultant  
performance. 

 

MOISTURE SENSOR 

The Moisture Sensor 
measures the re-
sistance between two 
electrodes and caus-
es the LED to light up 
if this falls below a 
fairly high value. It is 
sensitive enough to 
activate the LED if 
there is moisture be-
tween the electrodes 
and it can be used to 
show that we have an electrical resistance in our own bod-
ies especially if the contact points are dampened.  It uses a 
transistor, a diode with an additional connection called the 
‘Base’, which controls it. The transistor is activated when a 
very small voltage at the ‘Base’ causes it to pass current 
and light the LED and it is this function that is used in the 
project. 
 
Topics learned: Voltage, current and resistance; Oper-
ation of LEDs and Transistors. 
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RESISTOR COLOUR DECODER 

The resistor is an 
electrical or electron-
ic component that 
resists an   electric 
current resulting in a 
voltage drop be-
tween its two ends. 
The Decoder is re-
quired to identify the 
correct resistors for 
the ‘electronic’     
projects. The code uses coloured bands round it to speci-
fy its actual value.  
The resistance is measured in OHMS, named after a  
famous German physicist who lived in Cologne. 
 
Topics learned: Electrical resistance; Codes. 

FUSE TESTER 

This project intro-
duces electrical  
current, voltage and 
resistance,  circuits 
and diodes. It also 
introduces the    
practical use of 
printed circuit board 
and the  soldering of 
components to 
them.  It explains 
how a diode is like a resistor but only works when the 
current flows in one direction.  ‘Light emitting diodes’ 
or LEDs are diodes which light up when passing a 
current. The parallel circuit shows how a larger cur-
rent flows in the path of least resistance and if the 
fuse is good will pass a current lighting the green 
LED. A small current actually passes through the red 
LED but not sufficient to light it up. When a dud fuse 
is used then all the current flows through the red LED 
and nothing through the green. 
 

Topics learned: Operation of resistors; diodes 

and LEDs. 

AM RADIO 

The project is  de-
signed to introduce 
the pupils to com-
munication through 
radio and refers to 
the three functions 
-the tuning circuit, 
modulation and signal amplification. A pcb is used for 
the complete circuit but the construction is divided into 
the winding of the coil on a ferrite rod, the wiring of the 
pcb and the connection to the battery pack and ear-
phones.  A  variable capacitor is used in the circuit to 
tune to the required radio frequencies. 
 
Topics learned: Tuned circuits; Modulation;        
Amplification with transistors, Soldering pcbs 

NOTES 

 A term’s kits are supplied at the beginning of each 

term.  The projects may be carried out in any or-

der but a particular schedule is suggested which 

allows the pupils to develop their skills with the 

tools gradually and follows a sequence in the un-

derstanding of the principles. 

 

 For logistical reasons it may be necessary to 

change models supplied in kit deliveries. 

 

 A Health & Safety session should be held be-

tween construction of two of the early models but 

probably will not take as much time as one meet-

ing. Reminders should be given before each ses-

sion involving soldering. 
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