
How the Universe Works  -- side 40
Compound Machine Problems:    Determine the IMA of each simple machine and then 
multiply all the IMAs together.  This product will be the overall IMA of the entire compound machine. 
Same idea works for AMA’s.
Example 47: Determine the amount of effort force required to lift the 100 lb weight on the far right 
end of the compound machine. 

Example 48:  Let's try it again with a little more complex system.  How many newtons can you lift 
by pulling horizontally with 400 N of force on the pulley rope? 

This Wheel and Axle produces 
a force advantage with an IMA 
of 4 since Rw/Ra = 8 in / 2 in and 
has an efficiency of 90% so 
AMA = 0.90 x 4 = 3.6
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So overall AMA of this compound machine = 
(AMA1)x(AMA2)x(AMA3) = (0.283)(4.5)(3.6) = 4.56 
so it would take 100/4.56 = 21.9 lbs to lift 100 lbs.
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You can either start your calculations at 
the initial input force or at the final load. I 
usually start at the initial input force, 
which is right here. 
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IMA = Rw/Ra = 3/9 = 0.333
This Wheel and Axle gives you a 
distance advantage. If efficiency = 85% 
then AMA = (0.85)(0.333) = 0.283

W
&A

2ndClass

This Wheel and Axe gives a force 
advantage insead of distance

This 2nd class 
lever has an IMA 
of rin/rout =
15in/3in= 5
If Efficiency is 
90%. AMA = 
0.90 (5) = 4.5

Input force = 400N

2.4 m

60 cmAMA = (.92)(4) = 3.68

Efficiency = 92%

This section of rope IS 
load bearing because it 
is pulling on the load.

This 85% efficient wheel and axle 
gives you a distance advantage, NOT 
a force advantage.     
IMA = Rw/Ra  =  0.6 / 2.4  = 0.25 

AMA = (.85)(.25) 
= 0.212 
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This is a 95% efficient 2nd class 
lever with an IMA of 7/4 = 1.75

AMA = (.95)(1.75) = 1.66

This 96% efficient 
pulley has an IMA 
of 2 because it 
has 2 LBRs.

AMA = (.96)(2) = 1.92

Overall AMA:
(3.68)(0.212)(1.66)(1.92)                 
          = 2.49  
Therefore you can lift  
(2.49)(400N) = 995 N


