
How the Universe Works  -- side 38
Wheel and Axles:

 IMA =  rin / rout =  Rwheel / Raxle                                           

Wheel is where the Effort is applied.  Axle is 
where the Load is applied.
Remember the acronym:  “W.E.A.L.” 
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example #46: Various Wheel and Axles:

Wheel and Axles are basically two pulleys with 
different radii that share an axis of radiation. It's 
an ingenious invention that either gives you a 
force advantage or a distance advantage.  Of 
course, it's all related to torque which we have 
either already covered in class or are about to 
cover. I will cover torque in the next few pages 
of HUW.  You probably use over a hundred 
wheel and axles a day. Remember that the 
wheel is not necessarily the large one. It is the 
part of the system that the effort - or input force - 
is being applied.  The axle is the part of the 
system that is being applied to either the next 
simple machine or the outside world.  

Here the 
wheel is the 
knob and the 
axle is the 
hidden small 
pipe. 

Here the 
wheel is the 
steering 
wheel and 
the axle is 
the steering 
column.

Here it seems backwards -- the wheel is what we would 
call the axle and the axle is what we would call the 
wheel.  Remember W.E.A.L. forces us to make the wheel 
where the effort force 
is being input.  Since 
the effort force is coming 
from the differential gear 
system (or ultimately, the 
pistons in the engine, it 
is the wheel and where 
the rubber hits the road 
is called the axle. Weird, 
but that is the physics 
rules man! Guess you 
have to deal with it. 

Example 46: Let's try a wheel and axle 
problem:  Suppose this water wheel 
system has an efficiency 
of 70%.  How much 
input force and how 
many revolutions will 
be necessary to lift 120 lbs 
of water 90 ft? The IMA of 
this system is Rwheel/Raxle     
Using W.E.A.L we find 
that the wheel has a 
radius of 1.5 ft and the 
axle has a radius of 0.5 ft.  
So the IMA = 1.5 ft / 0.5 ft = 3. Using  (Efficiency)(IMA) = 
AMA = Load/Effort = (.70) (3) = 2.4 = 120lbs/ Effort ;  
Therefore Effort = 50 lbs     Now . . .  how many times will 
you have to turn the big wheel?  Here we use the IMA. 
The price we pay for the force advantage is an input 
distance disadvantage. The water has to lift 90 ft so the big 
wheel will have to turn through a total distance of 3 x 90ft = 
270ft. The circumference of the wheel is 2 π r =2 π (1.5ft) = 
9.42ft.  The IMA of 3 tells us that we will have to move the input 
force through 3 x 90ft = 270ft.  270ft / 9.42ft = 28.6 
revolutions  
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