Student’s Guide – Rise of the Machines

Name __________________________   Date _____________________   Hour _____________________


Rise of the Machines
INTRODUCTION

We’ve all heard that machines help us do work.  There are six simple machines from which all compound machines are derived.  These machines are: the simple lever, the pulley, the wheel and axle, the simple inclined plane, the wedge, and the screw.  Compound machines are at least two simple machines working together.  Examples include a pair of scissors (lever and wedge) and bicycles (wheel and axle, lever, and screw).  This lab will explore three of the simple machines: the inclined plane, the pulley, and the lever.  Ramps, sloping roads, and water slides are all common inclined planes.  Pulleys are used on cranes and winches.  See-saws, pry-bars, and your biceps are examples of levers.  What makes an inclined plane a machine?  What are the important features of these machines?  How can these machines be used to do work?  This lab will explore these questions and others that may arise.
EXPLORATION

Materials:

The following is required for each group in the class:

   (Inclined Planes)

· (1) piece of plywood (4 ft long x 1 ft wide)

· (1) 8 in. block of wood (2 x 6 board) with hook screw attached

· (1) spring scale (units: N) with readings from 0-10 N in 1 N tick marks

· (1) meter stick

· (1) sheet of wax paper to cover the board
   (Pulleys)

· (2) 0.5 meter sticks

· (1) weight

· (2) pieces of rope at least 50 cm in length

· (2) simple pulleys with connectors

· (1) binder clip

· (1) heavy book
· (1) spring scale (units: N) with readings from 0-10 N in 1 N tick marks

   (Levers)

· (2) 0.5 meter sticks

· (1) weight

· (1) dowel rod

· (1) binder clip

· (1) spring scale (units: N) with readings from 0-10 N in 1 N tick marks

· (2) rubber bands
Procedures:

1. You (the teams) need to collect materials.
2. Set up your lab stations.  

3. Wait for teacher instructions before beginning the exploration.
Data Collection (Inclined Planes):

Each group will do the following:

a. Lay the board flat and drape the board with wax paper.

b. Using the spring scale, pull the block at a slow, constant speed to obtain a value for the kinetic friction forced caused by dragging the block –record this force.

	Kinetic friction force (N)
	


Part A

1. Prop up the board with a large item such as a backpack.  Measure the distance between the ground and the top of the elevated end.  Take the hanging block and raise it from the ground straight up to the top of the inclined plane.









	Distance A1 (cm)
	

	Force A1 (N)
	


2. Now use the inclined plane to drag the block up the ramp.  Record the force necessary to pull the block from the ground to the top of the board.







	Distance A2 (cm)
	

	Force A2 (N)
	


Part B
1. Prop up the board slightly with a couple books.  Measure the distance between the ground and the top of the elevated end.  Take the hanging block and raise it from the ground straight up to the top of the inclined plane.





	Distance B1 (cm)
	

	Force B1 (N)
	


2. Now use the inclined plane to drag the block up the ramp.  Record the force necessary to pull the block from the ground to the top of the board.








	Distance B2 (cm)
	

	Force B2 (N)
	


Data Collection (Pulleys):

Each group will do the following:

a. Tape a 0.5 meter stick flat on the table.

b. Put a heavy book on the 0.5 meter stick.

c. Attach a binder clip to the free end of the stick.

d. Record the weight of the object in N.

	Object Weight (N)
	


e. Assemble pulleys and perform the exploration as follows.

Part A – One Pulley Systems
1. Assemble the pulley system shown below.  





	Scale Force (N)
	


Raise the object the following heights and record how far the scale had to achieve those lifts.
	Object Dist. Moved (cm)
	Scale Dist. Moved (cm)

	5
	

	10
	

	15
	


2. Assemble the pulley system shown below.








	Scale Force (N)
	


Raise the object the following heights and record how far the scale had to achieve those lifts.

	Object Dist. Moved (cm)
	Scale Dist. Moved (cm)

	5
	

	10
	

	15
	


Part B– Two Pulley Systems
1. Assemble the pulley system shown below.  






	Scale Force (N)
	


Raise the object the following heights and record how far the scale had to achieve those lifts.

	Object Dist. Moved (cm)
	Scale Dist. Moved (cm)

	5
	

	10
	

	15
	


2. Assemble the pulley system shown below.



	Scale Force (N)
	


Raise the object the following heights and record how far the scale had to achieve those lifts.

	Object Dist. Moved (cm)
	Scale Dist. Moved (cm)

	5
	

	10
	

	15
	


Data Collection (Levers):

Each group will do the following:

a. Tape a dowel rod flat on the table.

b. Put a heavy book on the dowel rod.

c. Attach a binder clip to the mid-point of a 0.5 m stick.

d. Slide the 0.5 m stick on the end of the dowel rod.

1st Class Levers
1. Assemble the lever system shown below.

2. Let the fulcrum sit directly in the middle of lever – the system should be balanced.

3. Take a reading of the weight of the weight and record below.

4. Suspend a weight hanging from a rubber band on the left end.

5. Fasten a rubber band to the scale and attach it to the right end.

	Object Weight (N)
	








DW: the distance from the fulcrum to the weight (cm)
DS: the distance from the fulcrum to the scale (cm)
Set DW to a constant value.

	DW (cm)
	12


Now perform tests with different scale locations and record the value of scale force.  Test 1 should set DS = DW.  Test 2 should have DS < DW.  Test 3 should have DS > DW. 

	DS (cm)
	Scale Force (N)

	12
	

	6
	

	24
	


CONCEPT DEVELOPMENT

(Inclined Planes)

1. For the forces pulling up the inclined plane, the kinetic friction force needs to be subtracted to get the net force (for example, Force B2net = Force B2 – kinetic friction force).  

	Force A2net (N)
	

	Force B2net (N)
	


2. Compute the work done for each of the four cases.

	Case
	Force (N)
	Distance (cm)
	Work (N * cm)

	A1
	
	
	

	A2
	
	
	

	B1
	
	
	

	B2
	
	
	



What do we notice about the values obtained for Case A?  Case B? ________________________


 ______________________________________________________________________________

3. We see that for each case, the total amount of work done was the same whether the block was lifted straight up or we used the inclined plane, though the input force was less when we used the inclined plane.  What does this tell us about inclined planes?  What do they do to help the user? ________________________________________________________________________

_____________________________________________________________________________

_____________________________________________________________________________

4. The weight of the block is our output force.  Forces A1 and B1 are the same value; this value is the weight of the block.  We call this value the output force.  Distances A1 and B1 are called our output distances.

Using the inclined plane, we input forces along the ramp to help us do work.  Forces A2net and B2net are the input forces.  Distances A2 and B2 are the input distances.
For Case A, divide the output force by the input force.

[image: image1.png]output force (weight)
Forceratio A = tput force Wwelght)

input force (net spring scale force)




Now, divide the input distance by the input force.

[image: image2.png]input distance (lengthpulled) _
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For Case B, divide the output force by the input force.

[image: image3.png]output force (weight)
Forceratio B = =
input force (net spring scale force)





Now, divide the input distance by the input force.

[image: image4.png]input distance (length pulled) _
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What do we notice about the ratios? _______________________________________________
 _____________________________________________________________________________

The following is the ratio known as mechanical advantage.

[image: image5.png]output force _ inputdistance
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5. Mechanical advantage is a quantity that tells us what about a machine? ___________________

______________________________________________________________________________

______________________________________________________________________________

(Pulleys)

1. Record the scale forces for the various cases.  

	Case
	Scale Force (N)

	One Pulley – 1
	

	One Pulley – 2
	

	Two Pulley – 1
	

	Two Pulley – 2
	


2. Record the distances moved for the various cases.

	Case
	Dist. Weight Moved (cm)
	Dist. Scale Moved (cm)

	One Pulley – 1
	15
	

	One Pulley – 2
	15
	

	Two Pulley – 1
	15
	

	Two Pulley – 2
	15
	


3. Determine the total work done for each of the cases.

	Case
	Scale Force (N)
	Dist. Scale Moved (cm)
	Pulley Work (N * cm)

	One Pulley – 1
	
	
	

	One Pulley – 2
	
	
	

	Two Pulley – 1
	
	
	

	Two Pulley – 2
	
	
	


Multiply the weight moved by the distance it was moved and record this value below.
	Case
	Work (N * cm)

	One Pulley - 1
	

	One Pulley - 2
	

	Two Pulley - 1
	

	Two Pulley - 2
	


What do we notice about the values obtained?  ______________________________

_____________________________________________________________________________________
4. Determine the force and distance ratios for the various cases.
[image: image6.png]output force (weight)
ForceRatio= ————— 0 —
input force (spring scale force)
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	Case
	Force Ratio
	Distance Ratio

	One Pulley – 1
	
	

	One Pulley – 2
	
	

	Two Pulley – 1
	
	

	Two Pulley – 2
	
	


These ratios are the mechanical advantage values of the various setups.
(Levers)

1. Fill in the following tables for the 1st Class Lever systems.

	Weight (N)
	

	DW (cm)
	12


	Cases
	DW (cm)
	Weight (N)
	DW (cm) x Weight (N)

	All
	12
	
	


	Case
	DS (cm)
	Scale Force (N)
	DS (cm) x Scale Force (N)

	1
	12
	
	

	2
	6
	
	

	3
	24
	
	


What do we notice about the values on the far right column? ___________________________________

_____________________________________________________________________________________

This value is known in physics and engineering as a Moment.

[image: image8.png]Moment = Force x Moment Arm




where: 


Force = the magnitude of the force in question


Moment Arm = perpendicular distance from the force to the point in question

In our case, there are two forces we are dealing with.  These forces are the scale force and the weight.  The point in question that makes sense for this problem is the pivot point (the fulcrum of the lever).  Thus, the moment arms of the two forces are DS and DW.  

We see that in lever systems, the moments must balance.  In theory, we can solve for the input force (scale force) for any given weight location in any lever (1st, 2nd, or 3rd class levers).

Example:  Consider a 3rd class weightless lever with the following layout.  Knowing that the moments must balance, find the scale force.










The moment created by the 10 N weight about the pivot point is:

[image: image9.png]Moment(weight) = Force x Moment Arm = 10 N x 150 cm = 1500 N * cm




The moment created by the scale must oppose this 1500 N*cm (same magnitude, opposite direction).

[image: image10.png]Moment(scale) = Force x Moment Arm = Scale Forcex 25cm = 1500 N xcm
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CONCEPT APPLICATION
1. A television has to be raised to second floor of an apartment building.  The man moving the TV has decided to use a ramp to raise the TV to a height of 4 m.  The TV, weighing 1 kN will slide on a frictionless mat.  The man only has enough strength to input 200 N into the TV movement.  Solve the following questions.  Show your work.

a. If the TV is raised straight up a distance of 4 m, how much work is done?

b. What is the mechanical advantage the man needs to raise the TV?

c. How long should the ramp be?

d. How much work is done by using the ramp to move the TV?  Compare this result to the answer obtained in Part (a).

2. The man could have used the 3rd story balcony to attach a pulley system to raise the TV.  Draw and show your work for a pulley system that would allow him to raise the TV by inputting only 250 N of force.  Calculate the needed mechanical advantage, how much work was done by the man, how many pulleys are needed, and where they go.  Assume there is no friction in the system.  There are multiple acceptable solutions.

3. A 20 ft long board has to be used to raise the back end of a trailer with a flat tire.  The weight to be raised is 1500 lb.  A man plans to use his body weight (180 lb) to jack up the trailer.  If the man stands on the opposite end of the board, find the location of the fulcrum so that the system is in balance (i.e. the board is level).  Be sure to draw the scenario and show all of your work.

ENGINEERING APPLICATION

According to building codes, all office buildings and other businesses are required to have wheelchair accessible handicap ramps.  A wheelchair ramp is an inclined plane that needs to be designed by the structural engineer of record.  Using required slope standards and design loads for ramp users, the engineer will lay out the access ramp.
AUTHENTIC ASSESSMENT

Each group will submit a professional style report about the following scenario:

Imagine your group works at a warehouse where refrigerators are stored.  Your boss wants to add a second level to the warehouse.  Your boss is considering two different ramp systems (Options A and B) to raise the refrigerators to a height of 6 m.  The refrigerators weigh 1500 N.

Option A:  The workers in the warehouse can only push with a force of 200 N.  A worker makes $0.15 per meter pushed up the ramp.  The material of which the ramp is to be constructed of costs $40 per meter.  

Option B: Rent a robot to push the refrigerators with a force of 500 N.  The rental cost of the robot is $2.00 per refrigerator moved.  Because of the size and weight of the robot, a stronger material is needed to construct the ramp.  This material costs $110 per meter.

If 10 refrigerators are to be moved, which option has the lowest cost?  What if 20 are to be moved? 50?  If the company has a major warehouse, routinely dealing with 100s of refrigerators daily, which option should your boss select?  As groups, submit your findings in a detailed report to him including the following sections: cover page, an explanation of how results were obtained, calculations used, and conclusions about which option to select.

Authentic Assessment Rubric:







         OPTION A


    OPTION B
	Criteria
	Weight
	1
	2
	1
	2

	Mechanical Advantage
	x3
	Attempted,

Errors present
	Correct
	Attempted,

Errors present
	Correct

	Ramp Length
	x2
	Attempted,

Errors present
	Correct
	Attempted,

Errors present
	Correct

	Ramp Cost
	x1
	Attempted,

Errors present
	Correct
	Attempted,

Errors present
	Correct

	Worker/Robot

Cost
	x2
	Attempted,

Errors present
	Correct
	Attempted,

Errors present
	Correct

	10 Refrigerator Solution
	x1
	Attempted,

Errors present
	Correct
	Attempted,

Errors present
	Correct

	20 Refrigerator Solution
	x1
	Attempted,

Errors present
	Correct
	Attempted,

Errors present
	Correct

	50 Refrigerator Solution
	x1
	Attempted,

Errors present
	Correct
	Attempted,

Errors present
	Correct

	
	
	
	
	
	

	Conclusion
	x4
	Conclusion presented
	Correct
	
	


*Your submittals are assumed to be neat and orderly.  There needs to be a cover page including all group member names.  Please present your findings clearly.  If I cannot understand what you are trying to present, I will take off points.  The criterion above must be presented to receive any credit.  If the work is not there, I cannot give you credit.  The weight is multiplied by the point value earned for each criterion (for example, if you find the mechanical advantage for option A correctly, you earn 3 x 2 = 6 points).  The total report is worth 52 points.

Force A1





Raise the block to this level





Distance A1





Finishing position





Distance A2 = board length





Force A2





Starting position





Force B1





Raise the block to this level





Distance B1





Finishing position





Distance B2 = board length





Force B2





Starting position





W





W





W





W





DS





DW





W





Scale Force





DW = 150 cm





DS = 25 cm





10 N








1

