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5.4: Simple Machines

&b Learning Objectives

o Identify the six simple machines.
e Understand how a simple machine can change the application of force based on the principle of conservation of
energy

Long before the concept of energy was understood, the principles of conservation of energy were being used to develop simple
machines. There is no documentation of the first machine ever used by humans or our ancestors, but it was probably a found object
used in prehistoric times: perhaps a rock or stick used to pry open something to get at a source of food. What we refer to as the six
classical simple machines were defined during the Renaissance period. They are the lever, the wheel and axle, the pulley, the
inclined plane, the wedge, and the screw.

By Foster, Ellsworth D., ed; Hughes, James L. (James Laughlin) - The American educator; completely remodelled and rewritten
from original text of the New practical reference library, with new plans and additional material (1919), Vol. 5, pg. 2290., Public
Domain, [ ]

All of the simple machines function on the principle of conservation of energy, related to the work-energy theorem we discussed
previously in this chapter. When considering simple machines, we typically ignore energy lost to friction even though we know that
it exists. When we do that we can consider the relationship between the output of the machine and the applied force. The ratio of
output to applied force is sometimes called the mechanical advantage. For example, a roadside service technician might use a
hand or foot operated jack to push the body of a car up in order to change the tire. At no point in this process does the roadside
technician apply a force with their own body capable of lifting the mass of a car in Earth's gravity. But the total energy the roadside
technician puts into the machine is approximately equal to the total energy the machine expends to lift the car. The jack is an
example of the lever, one of the six simple machines.

The relationship between the input and output of the machine is illustrated by the following equation:

VVin = Wout

Work is conserved because energy is conserved.

The energy that is conserved in simple machines relates to the force that enters and leaves the machine. As such, we can rewrite
this equation to show it in terms of force and distance:

(Fd)in = (Fd)out
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If the force that leaves the machine is greater than the force that enters the machine (as in our earlier example of the hand operated
jack), then the distance over which that force operates must be proportionally smaller. For the hand operated jack, the distance the
operator of the jack moves their hand in order to operate it is much greater than the distance through which the jack moves against
the force of gravity on the car. We can say that the machine is multiplying the force output. It does this by increasing the distance
over which the input force operates.

v/ Example 5.4.1

Suppose a technician using a hand operated jack needs to lift one end of a car by a quarter of a meter. In order to do so, they
must move a hand operated lever 200 times through a distance of 0.10 meters each time. What is the average force they are
depressing the lever with over those 200 times in order to lift the car? Assume the average mass of the portion of the car being
lifted is 700 kg.

Solution

This is an example of using the formulation of conservation of mechanical energy for simple machines that we introduced in
this section:

(Fd)in = (Fd)ou
We can start by listing known values and determining other values which are part of this equation from the given information.
(d)owt =0.25 m
Because the lever has to be moved 200 times, we get the total distance by multiplying this by the length of the lever:
(d)in =200(0.10 m) =20 m
We can assume that lifting this car is going to involve working against the Earth's gravity, so we find that force as follows:
(F)out = (700 kg)(10 - m? /s*) = 7000 N

We can then solve for the force being added using some algebra.

And then if we put in the numbers we have already calculated we get:

(7000 N)(0.25 m)

=87.5N
(20 m)

(F)in =

This is considerably less than the 7000 N the half car is exerting on the Earth due to the gravitational force.

Another way in which machines alter the force is through changing the direction of the force. Work and energy are scalar functions,
but force is still a vector. The direction of the vector might be much different due to the interaction with the simple machine.
Simple machines might change the direction of the force without changing its magnitude. But many times they do both.

Section Summary

o There are six simple machines, many of which have been used since before recorded history.
o Simple machines function based on the conservation of energy.
o The direction and/or magnitude of a force might be changed by a simple machine.
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