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Mechanical Advantage

Objectives:

1. Explain the principle of mechanical advantage.
2. Determine mechanical advantage in a given lever system.

Levers, and other simple machines, are used because we gain some “advantage” by using them.  You remember that in using a machine we never do less __________, but still some things can be done with machines that cannot be done without the machines.  In the case of levers, the lever is used to magnify our effort.  Thus, with a lever we gain an effort advantage.

Why Bother with a Lever?

Levers are used, in the first place, because a person using a lever has some advantage over a person not using a lever.  For example, it is impossible for me to exert 250 pounds of force on an object because I lack the strength to exert that much force.  However, using machines, like levers, I can “magnify” my effort to produce 250 pounds of force.

Keep in mind that wit[image: image1][image: image2.png]


h a machine the workin = workout, so you, the “effort” does not do less work when using a machine.  However, a person can often put a little effort over a larger distance.  Simple example? It is very hard to lift yourself straight up, such as when doing a chin up on the playground, however, doing a little lifting many times over a longer distance, such as when using stairs, makes it much easier to move your body a  vertical distance.

Examples of this trade off can be seen in a household door.  Have you ever been pinched because you had your finger or hand close to the hinge of a car door or a house door?  These kind of accidents are so painful because a very large amount of force is applied over a very small area.  

For that matter, observe where the handle and hinges are on a door.  A door is a kind of lever (we’ll explain what kinds of levers there are later) and the closer you are to the hinge the more force is required to open the door or the harder you are pinched when the door closes on you.  

Why Would I want an Advantage?

Think back to earlier worksheets and the diagram (which is reproduced below).  Compare the two lengths: 80 cm & 20 cm ... or the two distances: 20 cm & 5 cm ... or the two forces: 15 N & 60 N.  Do you notice a common theme in the numbers?
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In this ideal situation, each pair of numbers is a multiple of ________.  

· 20 cm is ______ times longer than 5 cm; 
· 80 cm is _______ times longer than 20 cm; 
· 60 N is ______ times greater than 15 N.  
This pattern is called the “ideal mechanical advantage” or “IMA.”  In other words, when a lever requires an effort force that is 1/4 of the resistance force then the lever gives an “advantage” of 4; you can lift four times more with the lever than you can without the lever.

When you can produce 4 times more force with a lever, how much farther must the effort move (than the resistance?) _______

Exercises
1. Understanding that there are different types of levers, what would you say the simplest definition of a lever is?  Remember that this definition must apply to ALL levers.
________________________________________________________________  ________________________________________________________________  

________________________________________________________________  

________________________________________________________________  

2.  You are using a bumper jack to lift a 1500 kg car using 25 kg of force.
a.  What is the IMA? 
b.  Draw a diagram of the lever system, labeling all known measurements, and parts of the lever. 
c.  If you are applying your 25 kg of force 1 m from the fulcrum, how far is the car from the fulcrum?
3.  You are playing with your 15 kg,  4 year old sister on a seesaw (teeter-totter); you are 75 kg.
a.  To make the seesaw balance, who should sit farther from the fulcrum? 
b.  What ideal mechanical advantage (IMA) will your sister need to balance your, much larger, force?
c.  Draw a diagram of a lever system for this 6 m long seesaw, showing the fulcrum is in the middle distance, and your sister is sitting on the end of her side of the seesaw.
d.  How far from the fulcrum should you sit to make the seesaw balance?
4.  Look at the following lever diagram.
a.  What is the IMA of the lever system?
b.  How much force is being applied at the resistance?
c.  How far will the resistance move upward? How much force is being applied on the right?
5.  Draw a lever system with an IMA of 3 in the space below. Label: effort, resistance, lever, fulcrum and record force distances from fulcrum as well as amount of each force.
From “BGLewandowski” on Flickr.com; 2009.
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Take-home Lab:


Try this at home: open a door by pushing on it next to the hinge.  Why is it so hard to push the door open next to the hinge but so easy to push it open at the handle?
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