Work, Energy and Simple Machines



name _____________________________________


Simple machines work by manipulation of the Law of Conservation of Energy, where the amount of energy that goes in the machine has to be equal to the amount of energy that comes out.

Work input(Fede) = Work output(Frdr).  Basically, machines change the amount of force needed or the distance required to do a certain job (work= F d), but they NEVER change the work required.  How much they change the force is described with the term “Mechanical Advantage”.  We label 4 different aspects of simple machine function.  

1.  Fe = “effort force” - this is the amount of force YOU put into the machine.

2.  Fr = “resistance force” - this is the force generated by the machine on whatever you are working on.

3.  de = “distance effort” - this is the distance the effort must travel or in some cases, the length of the effort arm in a lever.

4.  dr = “distance resistance” - this is the distance the resistance must travel or in some cases, the length of the resistance arm in a lever.


Remember that most of the models we use in physics are explained in an “Ideal” world where outside forces do not affect our results, therefore, we can LOOK at a machine’s De and Dr and determine its Ideal Mechanical Advantage.  Ideal Mechanical advantage is calculated using the following formula. 
IMA = de/dr

 distance effort/distance resistance.

Sometimes, not ALL the energy put into a machine is used as “useful” work.  Other forces such as friction decrease the “efficiency” of the machine.  The energy “lost” is not really lost, it is merely converted to heat.  This is the reason car engines get hot - they are NOT completely efficient.  We can test a machine’s real Mechanical Advantage with the formula 
MA = Fr/Fe 
or resistance force/effort force.   
The ratio of a machine’s MA to its IMA determines its efficiency.  
Efficiency = MA / IMA  x 100%.


Simple machines that are designed to decrease the input force applied, such as pliers, must have an increase in input distance in order to keep the amount of energy (work) equal before and after.  In other words, in order to get more force on the “grabbing” end of the pliers, you must move the other end a further distance.  Machines that do this are said to have a “high mechanical advantage”, which is a ratio of how much output force compared to input force.


Simple machines that are designed to increase the distance, such as scissors, must increase the force to keep the energy the same.  In other words, the “handle -end “of the scissors will travel a shorter distance than the “cutting-end”, but will have less force than what was put into the handles.  These have a “low mechanical advantage”.  

All machines can be classified as one or a combination of more than one of the following simple machines.

1.  lever

2.  inclined plane

Purpose - For this lab we will examine and construct several types of levers made with meter sticks to test their ideal, real mechanical advantage and efficiency.  

Materials:
Simple machine notes (lever classes)

Spring scale

0.5kg mass

0.1kg mass

Meter stick with 3 pieces of hardware

Fulcrum

Procedure: (Force has to be in Newtons!!!)
1. Construct three 1st class, three 2nd class, and three 3rd class levers with an effort (scale), a resistance (masses) and a fulcrum (pivot).  The positions of the fulcrum and 2 forces should be moved to make a new lever. Draw and label each lever setup on the back. 
2. Use 0.5kg mass for classes 1 and 2 levers; use 0.1kg mass for class 3 lever.

3. Measure the de and dr to determine IMA.

4. Now test the lever by measuring its Fe and Fr to determine its MA.

5. Determine the lever’s efficiency.

6. Record all measurements on data table.

	Lever Type
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	DATA TABLE

	Procedure  

	


Fr
Fe
MA

de
dr
IMA 

Efficiency

	1st class lever 

	1

	2

	3

	

	2nd class lever 

	1

	2

	3

	

	3rd class lever 

	1

	2

	3



