Levers - Part 2
	
The Force Around a Fulcrum
    Pushing on a lever is different from pushing on a loaf of bread. The loaf of bread is not attached to the table, so it's free to move straight ahead. Not so for the lever. The lever is affixed to its fulcrum - we commonly call it a 'hinge'. It is restricted to a twisting, turning, rotating kind of motion around its hinge - or its fulcrum.
This makes for a little different situation than our usual forces and motion. How do we talk about these twisting, turning, rotating kind of forces? Well, it's really quite simple. When you push on a lever, two things matter:
How big the force of pushing, 
How far from the hinge you're pushing. 
Think about pushing a door, obviously hinged. Obviously also, the bigger the force you push with, the bigger the rotating force on the door. Where do you usually push a door (or pull if the sign says 'pull')? The doorknob is located as far as possible from the hinge - for good reason. The farther from the hinge you push, the bigger the rotating force around the hinge. It takes more force to push a door close to the hinge. Pushing on a door right at the hinge will get you nowhere at all!
As it turns out, if an object is free to move and doesn't rotate, then the force of motion is simply the applied force. However, if an object can rotate, and is only allowed to rotate, then the force of rotation depends on the magnitude of the applied force as well as the distance the force is from the fulcrum.
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    Look at this hand drill. Couldn't they have straightened out the handle instead of making it bent in the middle? What's the advantage of putting in that bend?


IN CLASS FUN Mr. EAGAN TRY AND GET THEIR ATTENTION
All set? 

Use the stick of your choice to apply a force to a load of your choice - snow, soil, hockey puck, or a shoe to be swept up. 
Position your hands thusly: one hand acts as the fulcrum. Place it between the effort force (your other hand) and the load (the snow, soil, etc.). 
Apply a force with the effort hand to move the load. 
Change the distance between your two hands; that is, change the distance between the effort force and the fulcrum. Do this several times. 
Compare the rotational force in each position. Does the rotational force depend on the distance between your hands? 
At which effort and load distances did your lever provide the best advantage	
don’t  bring   my   good    sticks

The Rotating Force Around a Fulcrum
Pushing on a Lever: 
When you push on a lever, the lever rotates. 
      The fulcrum acts as a hinge of the lever.
      The greater the force on the lever, the greater the rotating force.
      The farther away from the fulcrum you push, the greater the rotating force. 
There are many examples of applications of this rotating force:
Doors turning on a hinge
Wrenches, drills
Hockey sticks, fishing rods, golf clubs
Crow bars, paddles
	



Calculating Torque

    For things that rotate, it's very important to be able to calculate the rotating force. We use the word "torque"to mean this force of rotation around a fulcrum. People often talk about the torque of an engine, or the torque when they turn a wrench, or even the torque in the strained back of a golfer. 
We know that torque depends on just two factors: how much force, and how far from the fulcrum the force is applied. In fact, if you multiply the two together, you get the value of the force of rotation which we call torque.
torque = force x distance from the fulcrum
To get the most torque, the force must be applied perpendicular to the lever. Think back to the door. Pushing or pulling perpendicular to the door is the best way to open it. All the force goes to opening the door. If you push at an angle to the door, then not all the force is directed in the direction you want the door to go in.










Calculating Torque
                         Torque is another name for the force of rotation.
To get maximum torque:
apply maximum force 
apply the force at maximum distance from the fulcrum 
apply the force perpendicular to the lever 
Calculating torque:
The symbol for torque is T 
The unit for torque is N.m (which is newton.metre) 
torque = force applied x distance of force from the fulcrum 
torque = (force)(distance)
T = Fd


                                 Example:
If a 40 Kg rock needs to be raised using a 3.0 m lever, what will the resulting torque be on the rock?
                          Given: m = 40 Kg d = 3.0 m g = 9.8 N/Kg
Find: Torque -- Note: you will need to find (the force of gravity) Fg first -- 
Recall: Fg = m x g
= 40 Kg x 9.8 N/Kg
= 392 N
Solution: t = F x d
= 392 N x 3.0 m
= 1176 Nm 

Therefore the calculated torque is 1176 Nm


		







The Law of the Lever 
           When a lever is in balance, the clockwise torque is equal to the counterclockwise torque.
When we use a lever to move a load, the effort torque is working against the load torque.
Law of the Lever:
When a lever is in equilibrium, the effort torque is equal to the load torque.
effort torque = effort force x effort arm
load torque = load force x load arm
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Rearranging the equation:
The lever equation can be rearranged to calculate any of the four terms. 

For example:
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		Examples:
 1.    



State the Law of the Lever using words and mathematical symbols.
Solution:

The law of the lever states that:
For an ideal lever: Total Torque In = Total Torque Out
Effort Torque = Load Torque
Effort Force x Effort distance = Load Force x Load distance
Using mathematical symbols Fe x de = Fl x dl


2.  . Five children are playing on a teeter-totter. Three have a weight of 800 N each and two of the children have a weight of 900 N each. Remember that weight is another word for Force of Gravity.
     The three "lighter" kids sit on the short end of the teeter-totter at a distance of 3.5 m from the fulcrum. The other two "heavier" kids decide to sit on the longer arm of the teeter-totter which is 4.5 m from the fulcrum. Will the teeter-totter be balanced?











If the load torque (left side of the formula) = the effort torque (right side of the formula) then the teeter-totter is balanced.
Given: 
Total Load (one end of the teeter-totter) with the three kids = 3 x 800 N \ FL = 2400 N 
Total Effort (the opposite end with the heavier kids) = 2 x 900 N \ FE = 1800 N 
dL = 3.5 m
dE = 4.5 m 
Find: 
Load Torque = 2400 N x 3.5 m = 8400 N.m 
Effort Load = 1800 N x 4.5 m = 8100 N.m 
As you can see the Load Torque and the Effort are not equal \ the teeter-totter is not balanced and will lean over the three lighter kids.
	
	Worksheet
   Question 1
A child's arm measures 60 cm. The length of her forearm from the elbow to the hand is 28 cm. She is holding a 70 g apple in her hand. What is the torque on the forearm?
Question 2
In Question 1 above, what is the torque on the whole arm if the child doesn't bend the elbow when holding the apple?
Question 3
A wheelbarrow is loaded with 140 Kg of bricks. The distance between the load and fulcrum is 0.5 m. If the distance between the effort and the fulcrum is 1.5 m, what is the effort required to lift the load?
Question 4
a) Draw a diagram of a first class lever. Show the location of the fulcrum, the effort and the load.
b) Give an example from your everyday experience of a first class, a second class, and a third class lever.




	


