Physics 3
Work & Simple Machines

Mr. Medler – Rm 106
Website: www.cmedler.weebly.com   

Email: cmedler@alpinedistrict.org 
Name: ___________________________________________ Period: ___________

	Lab Activities
	Score

	Starter Questions
	/  ___

	
	

	Vocabulary
	

	Day 1: Lever and Incline Plane Lab
	

	Day 2: Simple Machines Intro
	

	Home & Garden Tools Lab
	

	Day 3: Mechanical Advantage
	

	Mechanical Advantage – Levers
	

	Mechanical Advantage – Pulley’s
	

	Mechanical Advantage – Ramps
	

	Day 4: Work & Power Notes
	

	Work and Power Lab
	

	Total:
	


Starter Questions:

	Day 2

	Day 3

	Day 4

	Day 5


Unit Vocabulary: (Use a dictionary or science textbook to complete the words below)
1. [image: image24.emf] 

Word: Mass

a. Definition:_______________________________________________________________________________________________________________________________________ 
b. Unit:
2. Word: Weight

a. Definition:_______________________________________________________________________________________________________________________________________ 
b. Unit:
3. Word: Force

a. Definition:_______________________________________________________________________________________________________________________________________ 
b. Unit: 
c. Formula: 
4. Word: Work

a. Definition:_______________________________________________________________________________________________________________________________________ 
b. Unit: 
c. Formula:

5. Word: Power
a. Definition:_______________________________________________________________________________________________________________________________________ 
b. Unit: 
c. Formula:

6. Word: Simple Machine

a. Definition:_______________________________________________________________________________________________________________________________________ 
7. Word: Compound Machine

a. Definition:_______________________________________________________________________________________________________________________________________ 
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Day 1 Levers and Incline Plane Lab

Anatomy of a Lever:
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Question: How does the length of the effort arm affect the force needed to lift a mass?

HYP: (2)
Part 1: Examining the ratio of the arms of a lever.
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	Pipe pieces
	Number of Left pieces

(Effort Arm)
	Number of Right pieces

(Resistant Arm)
	Ratio Left : Right

	1 piece
	
	
	

	2 pieces
	
	
	

	3 pieces
	
	
	


Data Analysis:
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1. What patterns do you notice as you add more pieces to the left side?

2. Predict which set up will make it easier to lift the object.

Part 2: Finding the ratio of forces.

Procedures: 
1. Find the weight of the object and record your findings.
2. Set up the lever as diagramed.

3. Find the amount of force necessary to lift the object using the lever & force meter.

4. Find the ratio between the weight of the object and the amount of force to lift the object.
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	Pipe pieces
	Weight of the object
	Force to lift object
(Input Force)
	Ratio Weight : Lift

	1 piece
	
	
	

	2 pieces
	
	
	

	3 pieces
	
	
	


Data Analysis:
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1. What patterns do you notice as you add more pieces to the left side and how it affects the amount of force needed to lift the object?
2. Compare your ratio of the number of pieces on the left & right sides in part 1 and compare them to the ratios found on part 2.  
3. Is there a relationship between what you found in part 1 and in part 2?  If so, what was it?

Part 3: Understanding the numbers
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	Pipe pieces
	Force to lift mass
	How did it feel?
	Trend

	1 piece
	
	
	

	2 pieces
	
	
	

	3 pieces
	
	
	


Data Analysis
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1. How did the length of the lever affect how easy it was to move the mass?

2. Based on your observations explain how levers work.

3. You need to move a 50N boulder, what would you need to change so your lever could move it?
Conclusion

4. Explain some everyday places you find levers 

Question: How does the height of ramp affect the force needed to move a mass?

HYP:

	Height of the ramp
	Force needed 
	How it feels to move the object

	
	
	

	
	
	

	
	
	


1. How did the height of the ramp change how easy it was to move the mass?
2. Based on your observations explain how ramps work. 
3. Day 2: Simple Machines Intro
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1. Referring to your labs from the previous day: what variable was the same?

2. Referring to your labs from the previous day: what variable was different?

3. Which variable is dependant upon time?

4. Which trial required greater power?

5. What does the difference of Wattage mean?

6. If lifting an object is considered work, what could you do to make work easier?

Determine the simple machine listed at each station:
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	Station
	Item:
	Simple Machine

	1
	
	

	2
	
	

	3
	
	

	4
	
	

	5
	
	

	6
	
	

	7
	
	

	8
	
	


7. How do these simple machines work, How do they make work seem easier?

         /6
8. What two factors do simple machines change in order to make work easier?

9. How does that relate to the formula for work?
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	Effort (Input) Force
	Result (Output) Force

	· It is the force __________ put into the system.

· It’s where you put all of __________ effort.


	· It is the force that comes __________ of the system.

· It is the ________________ of your effort.




10. On a simple machine, what is the relationship of force & distance? (4)
	Effort / Input Side
	Result / Output Side

	[Work]
	[Work]

	Force

Distance


	Force

Distance




11. Label the anatomy of the lever with the following parts: (9)

      __________________       _____________
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12. List a few first class levers. (2)
13. Sketch where to place the fulcrum, object and input force for the 2nd Class Lever below, and then provide an example of one. (2)

1. Sketch where to place the fulcrum, object and input force for the 3rd Class Lever below, and then provide an example of one. (2)


2. Sketch where I would place the input / output forces and distances. (2)

Home & Garden Tools Lab Development 

Come up with a test that you would like to run on a home utensil, cooking, cleaning or garden tool (simple machine).  Perhaps you’d like to see how to give it more leverage, or what setting gives you more leverage.  Perhaps you will want to consider measuring the ratio of the length of handles to blades, or where to put your hands to get the most leverage.  There are so many more things to consider on what tests you want to run.

Some tools to consider:

Shovel, axe, knife, pruners, ladder, stepping stool, shears, broom, pitch fork, rake, pliers, hammer, vise grips, crow bar, bicycle, stairs, pole, ramp, c-clamp, hatchet, pipe cutters, wrenches, pipe wrenches, wheel barrow, pulley’s, pliers, spoon, fork, knife, pot & pan handles, brake peddle, brake handle, car jack, tennis racket, screwdriver, baseball bat, golf club, scissors, egg beaters, ice-cream scoop, ladle, flat head shovel v. regular shovel v. garden shovel v. snow shovel, tweezers etc.
Observation / Inferences

Make a list of observations that you can make about your tool, and determine what that means, what is its purpose etc.  (inference)  Why is a tool designed for what it does?  What separates that from any other tool?  Consider the lengths of handles, blades, teeth, grips, angles of blades, 
Question:

From your list of observations, what questions do you have concerning your tool?  For instance, you may ask… how does this work?  Why would I use this certain tool instead of another tool to do a certain simple task.  What do I need to do to give it more leverage – or easier to do the work?  … in other words, what is it that you want to know about that tool, or simple machine?  

Hypothesis:

What is the answer to your question?  Or, what is the possible explanation for your set of observations?  

Test Variables:

Based on the question and hypothesis above, ask yourself, what are some things that you can change about the machine or how you handle the machine that will address your question/hypothesis?  (Independent / Manipulated variable)

Next: what will you measure or observe to see what happens as a result of that change?  (Dependent / Responding variable).  

Next: Ask yourself, how will you go about collecting your data?  Then describe the test you are going to conduct and the procedures for your test.

Finally, go do it.  Conduct your experiment and examine your results.
Some Variables to Consider:

Length Ratio of handles to blades, handles to grips, angles of blades, angles of ramps, where to place your hand on handles, different blade angles.  The list goes on and on.

Conclusion:

After you’ve collected your data, explain what your data means.  How does this address your research question?  How does this relate to your hypothesis?  What did you learn in the process?  

Communication:

Be prepared to give a brief 10 second report to the class concerning your test and findings.

Free Space to devise and run your test.
Tool:
 __________________________________________________________

Observation & Inferences:

Question:

Hypothesis:

Test Idea: 

Variables: 

What variable are you changing? (Independent/Manipulated)
________________________

What variable are you measuring/observing? (Dependent/Result)
________________________

What variable are you keeping the same? (Control)


________________________

Revised question: How does _______________________________ (Independent Variable) affect ______________________________________ (Dependent Variable)

Data [Table/Observations] (4):



Conclusion (4):

Day 3: Mechanical Advantage PPT
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1. What is another word for mechanical advantage? 
__________________________
2. Input work = __________ work

3. What is the formula for mechanical advantage?

4. The ___________________ the mechanical number, the _________________ it is to _____________________ it.

5. In other words, The ____________________ the M.A. number, the more _____________________ you’ve got.

6. Which machine has more leverage, a Mechanical Advantage of 1 or 4?

______________
Stop!  You must do the labs first before continuing on.

How do I increase the mechanical advantage of each simple machine?
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Class 1 Lever: 

[image: image1.png]



Class 2 Lever:

[image: image2.png]



Class 3 Lever:

[image: image3.png]




First Class Levers:
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Which pair of pruners has more mechanical advantage? (1)
	Short Handles – Long Blades
	Long Handles – Short Blades

	
[image: image4.png]
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Which set of handles on the following pair of scissors has more mechanical advantage? (1)
	Short Handle
	Long Handle

	 SHAPE  \* MERGEFORMAT 



	 SHAPE  \* MERGEFORMAT 





Where on the blades will you have more mechanical advantage? (1)

Compare your answers to the diagram below.  What pattern do you notice concerning the amount of force you either have to give or receive as you move from the fulcrum? (2)
[image: image8.png]




Second Class Levers:
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Draw where would I place an object to give a second class lever more mechanical advantage? (1)



Third Class Levers:

Draw where would I place my front hand to give a third class lever more mechanical advantage? (1)

What is the mathematical relationship between each lever?  (2)

How do I increase mechanical advantage for each of them? (6)
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Inclined Plane:

How do I increase the mechanical advantage of this incline plane? (2)
[image: image10.png]





Levers are simple machines that consist of a rigid bar that is free to rotate around a fixed point. This fixed point is called a “fulcrum.” 

There are three main types of levers:

    First class:



Second Class:


Third Class:


[image: image11]
Purpose: 
In this lab you will be determining the actual mechanical advantage of levers when you adjust the fulcrum, mass and force.

Mechanical Advantage Equation:





MA= Output Force






Input Force

Materials:

-1 Meter stick


-1 Fulcrum Stand

-200 g mass


-2 Hanger Brackets

-1 Force meter


-1 Middle Bracket

Procedure: 

1) Set up your machine as indicated by the diagram.

2) Get your data.
3) Record all you data in the data table below.

4) Repeat for all the rest of the setups.

First Class Lever
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Q: For a 1st Class Lever, where do I put the fulcrum to give me the greatest mechanical advantage?

H: 
	Fulcrum Position 
	Output Force (N)
	Input Force (N)
	Mechanical Advantage 

(Output Force / Input Force)

	
[image: image12.png]



	
	
	
	Easy/ Med/ Hard

	
[image: image13.png]



	
	
	
	Easy/ Med/ Hard


Conclusion:

Second Class Lever
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Q: For a 2nd Class Lever, where do I put the object to give me the greatest mechanical advantage?

H:

	Mass Position (cm)
	Output Force (N)
	Input Force (N)
	Mechanical Advantage 

(Output Force / Input Force)

	
[image: image14.png]



	
	
	
	Easy/ Med/ Hard

	
[image: image15.png]



	
	
	
	Easy/ Med/ Hard


Conclusion:

Third Class Lever
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Q: For a 3rd Class Lever, where do I put the input force to give me the greatest mechanical advantage?

H:

	Input Force

 Position (cm)
	Output Force (N)
	Input Force (N)
	Mechanical Advantage 

(Output Force / Input Force)

	
[image: image16.png]



	
	
	
	Easy/ Med/ Hard

	
[image: image17.png]



	
	
	
	Easy/ Med/ Hard


Conclusion:

Post Lab Questions:
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First Class Lever:

1) On the first class lever, what variable was controlled? 
_______________________________

2) On the first class lever, what variable was manipulated?
_______________________________

3) On the first class lever, what was the result variable?

_______________________________

4) Based on the previous 3 answers, what was it that we were testing for?

5) On the first class lever, what happened to your mechanical advantage as you moved the fulcrum towards the object?

6) What happened to the amount of input force needed to move the object when the effort arm was shorter?

7) Write a general statement on how you get more mechanical advantage with a 1st class lever.

Second Class Lever:

8) On the second class lever, what variable was controlled? 
_______________________________
9) On the second class lever, what variable was manipulated?
_______________________________

10) On the second class lever, what was the result variable?
_______________________________

11) Based on the previous 3 answers, what was it that we were testing for?

12) On the second class lever, what happened to the effort needed to lift the weight when we moved the object closer to the fulcrum?

13) Write a general statement on how you get more mechanical advantage with a 2nd class lever.

Third Class Lever:

14) On the third class lever, what variable was controlled? 
_______________________________

15) On the third class lever, what variable was manipulated?
_______________________________

16) On the third class lever, what was the result variable?

_______________________________

17) Based on the previous 3 answers, what was it that we were testing for?

18) On the Third class lever, what happened to the amount of effort needed as we moved the location of the input force towards the fulcrum?

19) Write a general statement on how you get more mechanical advantage with a 3rd class lever.




Pulleys are simple machines used to life objects vertically. A pulley consists of a rope wrapped around a wheel. There are three types of pulleys:

Fixed Pulley:


  Moveable Pulley:


Block and Tackle:

[image: image18.emf]        [image: image19.emf]             [image: image20.emf]
Purpose:

In this lab you will be determining the actual Mechanical Advantage of all the types of pulley configurations.

Materials:

-2 single pulleys

-1 Iron ring

-2 double pulleys

-1 1kg mass

-1 string


-1 Force meter

-1 ring stand



Mechanical Advantage Equation:           M.A. =  Output Force







Input Force
Prediction: (4 pts)
Which pulley set-up will produce the highest Mechanical Advantage?
Procedure:
1) Find the Weight (N) of the 200 g mass by hanging it from the force meter.
2) Lift (Input) the 200 g mass 5 cm (Output) with the force meter. 

3) Record the Output force, Input distance & Input force for each test.

4) To find the Input distance: measure the distance the black mark on the string moves. This is the Input distance.

5) The ratio is how many times greater is the Input distance from the Output distance 

Ex: 15 cm Input and 5 cm Output = 3:1 ratio (15 cm is 3 times greater than 5 cm)

6) Repeat the experiment for all configurations and record all data in the data table.

Pulley Data: 
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	Pulleys
	Output force
	Input Force
	Mechanical Advantage

	Single Fixed

(1 Pulley)
	
	
	

	Single Movable

(1 Pulley)
	
	
	

	Block and Tackle

(3 Pulley’s) 
	
	
	


Questions:  
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1) What is the relationship between the output force (weight) of the mass and the input force on the single pulley system?  How does this relate to the mechanical advantage?

2) As you added pulleys to the system, what happened to the amount of effort needed to raise the mass?

3) How did the number of pulleys used in the system effect the actual mechanical advantage?



Purpose:
In this experiment, you will calculate the amount of work done by a machine.  You will also calculate the power involved in doing the work.

□ Work: The result of a force applied to an object and the measure of the distance that 

      object has moved. Work is measured in joules.           


Work (J) = Force (N) X Distance (m)
Materials:
· Pen/pencil

· Wood block

· Ramp/ board

· Meter stick

· Books

· Spring scale (Force meter)

· Stop watch

Procedures:
1. Pile 3 books high.

2. Lean the board against the stack of books so that the board forms a ramp (inclined plane). 
3. Start off with the base measurement as indicated by the drawings below.

4. Measure the foot of the ramp to the corner of the books (hypotenuse).  Record your findings.

5. Attach the wood block to your force meter, and then drag the block of wood up the ramp.  Record the amount of average force in your data tables.

6. Repeat the experiment with the modifications to the base measurement.  (30cm & 40 cm). 

7. Record your new data on the data tables.
8. Calculate the mechanical advantage and work of each ramp modification.
9. Answer the follow questions.
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Predict: 
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1) What will happen to the amount of Input force needed as the ramp gets steeper?
Mechanical Advantage of Ramp Lab:
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	Ramp Base Distance
	Output Force (N)

(lift straight up)
	Input Force (N)

(Pull up ramp)
	Mechanical

Advantage

(Out/In)
	Feel: 

Easier, Medium, Harder

	20
	
	
	
	

	30
	
	
	
	

	40
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1. What happened to your mechanical advantage as you increased the ramp base distance?  
2. How did it feel as you increased the ramp base distance?

3. If you were helping someone move a piano into a moving van, which ramp set up would you want?  A steeper or shallow ramp?  Why?  (Explain in terms of mechanical advantage).

4. Write a general conclusion with the relationship to the steepness of a ramp and the mechanical advantage you would receive?

Day 4: Work & Power Notes

1. What is the formula for velocity?

2. What is the formula for acceleration?

3. What is the formula for force?

4. What is the unit for force?

5. What is the formula for work?

6. What is the unit for work?

7. When can we actually say we did work?

8. What is the formula for Power?

9. What is the unit for power?

10. What is the difference between work and power?



Materials:

· stopwatch calculator

· stairs

· meter stick

Question: Can you change your power output by changing your pace during exercise?
Procedure: 

1. This lab will be performed on the stairs. 

2. Predict how your results will change if you step up and down at different speeds.

3. Measure the vertical distance in centimeters from the floor to the top of the stair. Convert to meters by dividing by 100 and record this height in the data table.

4. Convert your weight from English to Metric: multiply your weight by 4.4 N/lbs 

5. Calculate the work you do when you step on one stair. Then calculate the work you do in stepping up 26 steps of stairs. Record both answers in your data table.

6. Have one partner time how long it takes you to climb the stairs slowly. Record the time in your data table. 
7. Repeat step 6, but walk up fast.
8. Switch roles with your partners and repeat Steps 4 through 6. 

9. Calculate the Work and the Power in stepping up onto the step for 1 repetition and again for 20 times. Record your results in the data table.

10. Record all your data in the data table.

Equations: 

· Work = Weight x Height (or Work = Force x Distance)

· Power = Work / Time

Predict: 
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1. What do you think will happen to the amount of work you do when you change your pace from slow to fast?

2. What do you think will happen to the amount of power you give out when you change your pace from slow to fast?

Data Table
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	Weight
(Force)

[N]

(N= lbs x 448)
	Height of stair (Distance)

[m]
	Work for 1 step 
[J]
	Work to climb 26 steps 
(J)
	Time to climb 

26 steps 

(s)
	Power 
(W)

	Student 1 Name: 

	Student 1 Slow 
	
	
	
	
	
	

	Student 1 Fast 
	
	
	
	
	
	

	
	
	
	
	
	
	

	Student 2 Name:

	Student 2 Slow 
	
	
	
	
	
	

	Student 2 Fast 
	
	
	
	
	
	

	
	
	
	
	
	
	

	Student 3 Name:

	Student 3 Slow 
	
	
	
	
	
	

	Student 3 Fast 
	
	
	
	
	
	


Analyze and Conclude
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1. Compare the amount of work for the entire stairway student 1 did during the fast and slow trials.  

	Fast 1:
	Slow 2:
	Same or Different?

	
	
	


2. Compare the amount of power student 1 produced during the fast and slow trials.  

	Fast 1:
	Slow 2:
	Same or Different?

	
	
	


3. Compare the amount of work you did with your partners.  Did you and your partners all do the same amount of work?  Did you all produce the same amount of power?  Explain your answers.

4. Compare your results to your prediction: Was it different than you expected?
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Input Force


(This is where you put your hand)





Object





Resistance Arm





Effort Arm





Fulcrum








/79








Part:


Input Side


Effort Arm


Output Side


Result Arm


Fulcrum


Input Force


Output Force


Input distance,


Output distance.
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Output / Result





Input / Effort
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Legend Key:


��	Input Force


�	Mass/ Object


�	Fulcrum





0 cm





30 cm





70 cm





30 cm





70 cm





30 cm





0 cm





70 cm
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Input
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Input
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Input
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Output
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Output
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Output


F&D
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