
Challenge 1

• Use a single motor to build a vehicle that 
can move from one side of the pool to the 
other as fast as possible.

• Optimise gearing to give best propeller 
speed.
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How to make a slow motor turn a fast propeller?

FAST

SLOW

Slow motor 
shaft

Fast propeller 
shaft

BIG gear � SMALL gear

SLOW � FAST

The more teeth on the big gear, 
and the less teeth on the small 
gear, the greater the increase in 
speed will be

In this case the big gear has 40 
teeth and the small gear has 8 
teeth. The increase in speed will 
be:
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I.e. if you attach a motor to the 
big gear and a propeller to the 
small gear, the propeller will 
turn exactly 5 times faster than 
the motor.
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Can we go even faster?

Motor

SLOW

FAST

VERY FAST

We can keep on increasing speed by 
adding more gearing stages.

Look at the illustration.
A 40 tooth gear on the motor shaft 
connects to an 8 tooth gear on the 
middle shaft. Therefore, the middle 
shaft must turn 5 times faster than 
the motor shaft.

Similarly, the 40 tooth gear on the 
middle shaft connects to an 8 tooth 
gear on the propeller shaft. Therefore 
the propeller must turn 5 times faster 
than the middle shaft.

Thus, the propeller turns 5×5 = 25 
times faster than the motor.
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Why can’t we keep adding more gears?
Why not keep getting faster and faster?

BIG gear � SMALL gear

SLOW � FAST

STRONG � WEAK
torque torque

Increasing speed will decrease 
torque (“turning force”)

If torque too small, cannot:
• overcome friction
• cause propeller to push 
the water

Slow
but

Strong

Hence, optimum gear ratio is a trade off between hi gh speed and high torque
we can’t have both!

Fast
but

Weak

Therefore, if we try to add too many gearing stages , the system will simply grind to a halt.
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I.e. the middle gear goes 5/3 times as 
fast as the big gear.

Similarly, if the small gear has 8 teeth, 
then:

Note: gears in the middle
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Look at the top illustration.
If the large gear has 40 teeth and the 
middle gear has 24 teeth, then:
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I.e. the small gear goes 3 times as fast 
as the big gear. 

Thus, the small gear goes 3×5/3 = 5 
times faster than the big gear.

V1

Slow
Fast

40 teeth
24 teeth

8 teeth

40 teeth 8 teeth

Look at the bottom illustration.
We previously calculated that for this arrangement,  
the small gear must also turn exactly 5 times faste r 
than the big gear.

Gears in the middle, whatever their size, do not make any difference at all to the change in 
speed from the input (e.g. motor) to the output (e.g. propeller).
This is also true for multiple gears in the middle:
e.g. big� medium� medium� small is also exactly the same as big� small
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Note: worm gears

• Alternative, compact way 
to DECREASE speed and 
INCREASE torque

• Only works one way!
(fast � slow)

• Good for grabbers!
(need slow speed and 
high gripping force)

FAST

VERY SLOW
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About this work:
• These slides are based on the lecture notes of Dr. Rustam Stolkin, first created in 2005.
• Middle School and High School teachers are welcome to make use of this material in their classrooms.
• These slides are offered as a source of information, however it is not necessary to use overhead slides to teach 

this material – an interactive discussion around a simple chalk board or white board may often be preferable.
• The author would prefer that this material not be displayed on websites or otherwise disseminated by any 

organization without prior permission from the author, and that this material not be used for teaching, training or 
professional development on a commercial basis.

• The author reserves the right to re-use this material, images or text for other purposes in the future.
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