Feats of Strength

Fits into Curriculum:

-Grade 5, Cluster 3: Forces and Simple Machines:


5-3-06 : Identify common devices and systems that incorporate pulleys/ gears
5-3-08 : Compare quantitatively the force required to lift a load using a pulley system versus a single fixed pulley, and recognize the relationship between the force required and the distance over which the force is applied.

Include: a system of pulleys reduces the force required while increasing the distance over which the force is applied; a single fixed pulley requires greater force but applies it over a shorter distance.

5-3-11 : Describe the advantage of using simple machines to move or lift a given load.

Include: to decrease force required; to increase the resulting force; to change the direction of the applied force.

Commentary:

1. Preparation & List of Materials and Safety Concerns:


Climbing Harness


Rated Climbing Rope (a considerable length)


Load bearing frame/ apparatus


Multiple Pulleys


Crash mat (Not necessary depending on height of load being lifted)


-Teacher should make sure:


Apparatus is put together properly and is stable and can bear the weight of load


All pulleys, rope, webbing, and harnesses are in proper working order


There is enough space around apparatus to conduct even


All pulleys and harnesses are attached to subject and frame properly

2. Introduce the pulley system:


Holding up a pulley ask if anyone knows what it is?


(wait for answers i.e. pulley, simple machine)


Ask what is can be used for?


(climbing, lifting things, Exercise Machines, Flag Poles to raise flag,)


Mention that a single pulley system changes the direction of the force applied.

--If some one wanted to pick up a box off the floor they would have to exert an upward force on the box without a pulley.  A pulley changes that direction to exerting a downward force on a rope to lift the box.

3. Ask for a volunteer: 


“Who here thinks they could lift Kerry up?”

(Paul tries to lift Kerry to show how tough it is)

4. Pick student to attempt to pick up Kerry:

Choose a student who is particularly bigger or stronger and may be able to accomplish task but with great difficulty.

5. Student tries to dead lift Kerry:


Mention student is exerting force upward on Kerry to try to lift him.


Student may or may not accomplish task

6. Attach Kerry to one pulley and have student try to lift Kerry using pulley system:


Mention now that student is exerting force downward on rope to lift Kerry up


Student may or may not be able to lift load.


If he does lift Kerry ask- Ask which way was easier to lift Kerry?


Send student back to their seat.

(Pulley system, mention that the pulley has reversed the direction of the applied force-nothing else has changed same amount of force needed to lift Kerry)

Equilibrium in students: Students will have seen pulleys in action before and having same student who tried to dead lift Kerry lift him with the pulley system won’t produce any confusion in students’ minds”


Mention: Ask anybody if they know the name of the pulley (Fixed Pulley)

7. Demonstration:


“What if we tried this?”


“Lets get another volunteer up here for this part”


Choose volunteer who is not as strong as previous.


-Attach Kerry to many pulleys (aka compound system of pulleys)


Have student try to lift Kerry (which will probably occur with great ease)

Disequilibrium in Students: 

How did the student who isn’t nearly as strong as the other pick up Kerry with such ease?

Comment on the ease of lifting up Kerry by student: “This must mean you are stronger than the other student then?”

8. Explanation on Board:


Show overhead of Multi or Combined pulley system. 


-A combined pulley system not only changes the direction of the force exerted it also uses a movable pulley so that less force has to be exerted to lift the object.


On diagram indicate Fixed and Movable Pulleys 

Definition of Pulley: A simple machine consisting essentially of a wheel with a grooved rim in which a pulled rope or chain can run to change the direction of the pull and thereby lift a load.


3 types of Pulley:

Fixed Pulley: A single pulley that only changes the direction of the lifting force


Moveable Pulley: is a pulley that moves with the load. 

The movable pulley allows the effort to be less than the weight of the load

Combined Pulley: 

Makes life easier as the effort needed to lift the load is less than the weight of the load as well as changes the direction of the applied force to life the load.

 On diagram show the different directions the applied force is acting and the load force is acting. 
9. Demonstration:


Remove one or two pulleys to make it a double purchase and bring both students back up to try to life Kerry again. 

First student will find lifting Kerry to be easier while second student who had combined system will find it harder.

Equilibrium in Students: They will observe the changes in the number of pulleys and the degrees of difficulty lifting Kerry and think WICKED!!!

Five Questions for discussion

1) What is the difference between a fixed pulley system and a compound pulley system?

2) If we attached an object to a fixed pulley system and we pulled downwards, which way would the object move?
3) How could we make the object in Question #2 easier to lift?

4) List two examples of where pulleys are used in real life?

5) Explain why it is easier to lift an object using a compound pulley system instead of a fixed pulley system?

References:

-The thought for doing this Event cam from Paul’s job where they had to lift really heavy loads 20 ft in the air so they used a pulley system to make the job easier.  

Information and diagrams can be found at the following resource websites:

- http://www.the-office.com/summerlift/pulleybasics.htm
- http://www.howstuffworks.com/pulley.htm?printable=1 

- http://sln.fi.edu/qa97/spotlight3/spotlight3.html 
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