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Experimental Design with Force – Scripted Version
Lesson created by: UTeach Outreach
Length of lesson: 45 – 55 minutes 

Description of the class:  5th and 6th Grade Science

Resources used: 

http://www.its-about-time.com/htmls/pbis/move/mbt_te_ls2_5.pdf 
http://www.fi.edu/pieces/knox/automaton/plane.htm
http://www.school-for-champions.com/science/work.htm
http://www.its-about-time.com/htmls/pbis/move/mbt_te_ls1_bbq.pdf 
http://hyperphysics.phy-astr.gsu.edu/hbase/force.html
 http://test.p2061.org/curriculum/Prototype_0505/gravity3-5_2aQuestions.htm.
TEKS and NSES addressed:

§112.16. Science, Grade 5, Beginning with School Year 2010-2011.

(6) Force, motion, and energy. The student knows that energy occurs in many forms and can be observed in cycles, patterns, and systems. The student is expected to:
(D) design an experiment that tests the effect of force on an object.
§112.20. Science, Grade 6, Beginning with School Year 2010-2011.

(2) Scientific investigation and reasoning. The student uses scientific inquiry methods during laboratory and field investigations. The student is expected to:
(A)  plan and implement comparative and descriptive investigations by making observations, asking well-defined questions, and using appropriate equipment and technology;

(B)  design and implement experimental investigations by making observations, asking well-defined questions, formulating testable hypotheses, and using appropriate equipment and technology;

(E)  analyze data to formulate reasonable explanations, communicate valid conclusions.
(8) Force, motion, and energy. The student knows force and motion are related to potential and kinetic energy. The student is expected to:

(A)  compare and contrast potential and kinetic energy;

NSES (1996) Grades 5-8 – Content Standard A

· Use appropriate tools and techniques to gather, analyze, and interpret data.

· Develop descriptions, explanations, predictions, and models using evidence.

NSES (1996) Grades 5-8 – Content Standard B 

MOTION AND FORCES 

· The motion of an object can be described by its position, direction of motion, and speed.
TRANSFER OF ENERGY
· Energy is a property of many substances and is associated with heat, light, electricity, mechanical motion, sound, nuclei, and the nature of a chemical. Energy is transferred in many ways.

I. Overview 

Students will complete an experiment that explores how springs behave differently with different objects are attached. A compression spring will be demonstrated by a toy, which launches off the surface of a table. The students will explore extension springs using two supplied objects. The students will use their collected measurements to estimate the mass of another object based on its displacement of a spring. Potential and kinetic energy will be discussed as they relate to the spring used in their experiment. The students will use a PhET simulation to explore how the potential and kinetic energy of a spring changes as an object is in motion. Using the simulation, the students will be able to change the environment their spring is in. They will be able to formulate conclusions about how the environment influences the object’s potential and kinetic energy. 
II. Objectives 
Students will be able to

1. Predict and justify results from an experiment.

2. Observe the pattern that forces of springs are proportional to the distance they stretch or compress.

3. Explore how the potential and kinetic energy of an object changes as it is in motion and in different environments. 
III. Resources, materials and supplies (per bin/teaching pair)
Per group of four:
· One spring
· Three masses (two with known mass, one without known mass)

· One ruler
· One paperclip to be used to attach masses to spring
· Popper toy
Per pair:

· One laptop

IV. Advanced Preparation
For elaboration, have computers loaded to

· http://phet.colorado.edu/en/simulation/mass-spring-lab.
V. Supplementary worksheets, materials and handouts

· See attached.
VI. Background information 
College Level:

Energy can be thought of as an overall behavior, ranging from very active (or potentially very active) to inactive. Energy measures the state of a system compared to a portion of stationary, empty space. This allows the behavior of different systems to be compared, and lets scientists make predictions of overall behavior. Systems with more energy exhibit, or have the potential to exhibit, greater activity than systems with less energy.

Energy comes in many forms, representing the type of behavior involved. Kinetic energy describes movement in predictable directions, such as a ball thrown across a room. The ball has kinetic energy as it travels. Similarly, there is potential kinetic energy, which means an object has the potential to move in a particular direction, but has not transformed all of that potential into kinetic energy yet. Objects held in the air have potential kinetic energy, since when they are dropped the potential is manifested. Typically, potential kinetic energy is abbreviated to potential energy since it is the most commonly studied form in introductory physics. Objects that are elastic are characterized by the property that they can store energy by deforming their shape; the objects can "spring" back to their original form, transforming a large part of the energy into kinetic. Thermal energy refers to the random vibration of molecules in an object due to its temperature. The Kelvin unit measures the total thermal energy in an object. Zero Kelvin equates to zero vibration of the molecules in the object, which has never been accomplished. Friction transforms energy from kinetic into thermal.
Hooke’s Law models idealized springs and states that the stress on such a spring is proportional to its strain. The stress is the force internal to the spring corresponding to the elastic nature of the material and geometry. The stress is the force the spring exerts towards returning to its rest state. The strain is the displacement of the spring from its rest length. Hooke’s Law produces a constant of proportionality which relates the stress and strain. This constant is a function of the material properties of an ideal spring, and generally describes the spring’s stiffness. The law states that

[image: image9.emf],

where F is the restoring force the spring exerts in reaction to the applied force, k is the spring constant, and x is the length displacement of the spring from a state of rest. The negative describes the direction of restorative force as being opposite to the direction of displacement.
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Note: the above diagram uses the approximation of a massless spring. In reality, the spring would be extended slightly compared to its rest length in the first picture. However, if the spring is very light compared to the objects it supports, the difference between the true rest length and the equilibrium length as shown will be minimal compared to the difference in length when the object is added.

Using the approximation described in the note above, Newton’s second law ([image: image12.emf]), and Earth’s constant acceleration due to gravity, we can write Hooke’s Law as

[image: image14.emf].    (1)

Where m is the mass of the object, g is the acceleration due to gravity, and k and x remain the same as before. This equation only applies for the orientation shown above, where a positive displacement indicates that the spring is compressed (above the equilibrium point shown) and a positive displacement is in the opposite direction compared to the force of gravity.

If the displacement of a spring with one mass attached is known then equation (1) can be modified to find either the mass or displacement of another object on that same spring.

[image: image15.emf]
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[image: image18.emf]    (2)

Since the spring constant does not change and the acceleration due to gravity is constant, this ratio of mass divided by displacement is constant for a given spring. Using equation (2), we may write this as

[image: image20.emf] ,    (3)

where the subscripts indicate the object associated with the mass and displacement. Equation (3) may be solved for either [image: image22.emf] or [image: image24.emf].

Elementary Level: 
Force is anything acting on an object that can change its motion. More simply, a force is a push or a pull.

[image: image1.png]



Gravity pulls all matter together, but the force of gravity is weak enough that it typically takes a lot of mass for us to notice it. On Earth, we feel the strongest gravitational pull from the huge amount of matter beneath us – the Earth itself. There is also a gravitational pull between a person and a grain of sand, but it is extremely small. The force of gravity acting between two objects depends on two factors: the mass of each object and the distance between the centers of mass of the two objects. The greater the mass of either object and the closer the objects are, the stronger the force of gravity. Gravity is the reason that an object has potential energy when supported above the ground. The object has the potential to move downward because gravity is constantly pulling on it.

Anywhere the force of gravity is relatively large, for example on Earth, objects have potential energy if they are supported above the surface of the planet. This also works on the Moon, on Mars, on asteroids, comets and any other object. Any two objects in the universe have potential energy if they are separated since gravity constantly pulls them towards one another. When an object is supported underneath a spring rather than being held, the spring will stretch according to how heavy the object is. Scientists can use the predictable behavior of gravity to measure the properties of a spring. Physicists have been able to determine that the amount that a spring will stretch is proportional to the mass of the object attached to the spring. An object with twice the mass will stretch the spring twice as much. This relationship can be used to find the mass of an unknown object.  

To measure the displacement of a spring, first the length of the spring in its relaxed position must be measured. After attaching an object to a spring, the spring’s length will change. The displacement of the spring is the relaxed length of the spring minus the new length.
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The measurement of mass tells how much matter is in a particular object. An object will only gain or lose matter if someone or something adds or subtracts from the object. Taking a slice from a loaf of bread reduces the matter in the loaf, while adding a slice would increase the matter present. Since the location of an object does absolutely nothing to change its amount of matter, an object has the same amount of matter wherever it is. This also means that the mass of an object stays constant. However, if the object is on a different planet, moon, or other large amount of matter, the force due to gravity will likely be different from Earth’s.

The weight of an object is the measurement of the force of gravity on the object, so if the gravitational force is different, the weight of the object is different. Since the gravitational force near the surface of Jupiter is approximately 2.5 times the gravitational force on Earth, an object would weigh 2.5 times as heavy at the edge of Jupiter as on Earth. It is important to remember that an object’s weight can change depending on what is around it, but its mass stays constant.

VII. Possible Misconceptions (additional misconceptions are within the lesson noted as MC)
· Force and weight are the same. This is not true. Weight is equal to the mass of an object times the acceleration caused by gravity, not by force. 
· Mass and weight are the same. Mass is an extensive, measurable physical property of matter – it is dependent on the amount of matter in a substance, but mass does not vary with location.  Weight depends on how much gravity is acting on an object at the moment. This is why an object’s weight could be different depending on location (an astronaut is ‘lighter’ on the moon than on Earth) and similar for planets that or more or less massive when compared to Earth.   
· Gravity does not act equally on all objects. In fact, gravity is a universal force that exists everywhere in space whether or not air is present. The mass of an object can change the force required to move an object against gravity. 

VIII. Vocabulary & Definitions:

  College Level
· Potential Energy: stored energy; the mechanical energy that a system has by virtue of its position.
· Kinetic Energy: energy of motion; energy that a system has because of its motion.

· Motion: the change in position or location of an object over time.
· Force: an influence tending to change the motion of an object or produce motion to a stationary object.
· Gravity: the force of attraction between all masses in the universe; especially the force that pulls all objects towards the center of the Earth.
Elementary Level

· Potential Energy (energia potencial): stored energy; the energy that a system has based on it’s position.
· Kinetic Energy (energia cinetica): energy of motion; energy that a system has because of its motion.

· Motion (movimiento): the change in position or location of an object based on the amount of force is used.
· Force (fuerza): a push or pull that causes a change in speed or direction of the motion of an object. Objects at rest will not move unless a force is applied to them.
· Gravity (gravedad): the force that pulls all objects towards the center of the Earth
IX. Safety Considerations: 
As a teacher note, springs lose their “springy-ness” easily. Make sure students do not play with the springs and use them only to collect data. 

X. Question of the Day

How can we use a spring to determine the mass of an object?
Five-E Organization

	ENGAGEMENT                                                                                                  Time: 3 minutes

	What the teacher will do
	Probing Questions
	Student Responses

Potential Misconceptions

	Greet the students with enthusiasm! 

Hello, everyone! Today, we are going to continue talking about energy.

To start, I am going to pass out these little toys. For the next two minutes, I want you to explore with the toys. I will signal you when two minutes have passed. 

Pass out popper toys.

Collect toys. 

Springs can be used for many tasks like in locks, spring scales, inside pens, and in cars. Today we’re going to be looking at how springs behave when different objects are hung from them. 
	1. What were the parts of the toys in front of you?
2. What part is responsible for the release of the toy?
3. What objects can you name that use springs to make them work or move?
	1. A spring, animal head, suction cup.
2. The spring.
3. Pens, locks, bicycle brakes, etc.


	EXPLORE                                                                                                       Time: 20-25 Minutes

	What the teacher will do
	Probing Questions
	Student Responses

Potential Misconceptions

	Divide students into groups of 4.
Pass out UTeach Outreach job cards.
Take a minute to read your job card to your team. 

Teams raise your hand when you know that everyone knows their job for today’s lesson. 

Like all scientists, you want to learn more to find answers to questions that you might have after you have observed something. Today the Question of the Day is “How can we use a spring to determine the mass of an object?” Post Question of the Day on board. 
These are the materials that your group is allowed to use for your investigation today. Show students materials to be used in lab. I want you to consider how using just these materials and what you know about the masses of objects, how could you use each of the materials to find the answer to your question. You will know the mass of two of these objects and one will be unknown.
These springs are a tool that you will use in your scientific investigators today. These springs are very sensitive, so you want to make sure that you do not over stretch the springs.  
Demonstrate how to take the measurement of the displacement by the mass when attached to the spring. 

Review variables and controls with class.
We are going to conduct a fair test. This means that we should only change one factor at a time and keep the other variables constant. 

When scientists conduct an investigation, they are often seeking the answer to a question. To find the answer, scientists design tests or investigations. It is important that the tests scientists design be fair. They only change one thing that is being tested, the independent variable, and everything else must stay the same.
You are doing the work of a scientist. Before you begin your investigation, I would like for every member of your group to read the lab handout. Then, make a prediction and identify your variables. 

You may not begin your investigation until one of us has checked that you have filled out your worksheet (#1-6). 

At the end of the lesson today, like real scientists, every group will have a chance to share their results with the rest of the class. 

Pass out “Spring Lab” Worksheet. Walk around and help students as needed. Make sure that each group is filling out each step on the worksheet. 
	1. What could you use the spring for in our investigation for today?
2. What could you use the blocks for? (Two of the objects have   known masses.)
3. What could the ruler be used for? 
4. If I have the measurement of the spring without the mass and then I attach the block to the spring, what is the displacement? 
5. In our investigation, what will we be changing? 
6. What is the independent variable? 
7. What question are we investigating?
8. What is the dependent variable?
9. Why do you think it is important to conduct a fair test? 
Possible Probing Questions while students are working on their experiment: 

10. What is your prediction?
11. Why do you think that? 
12. Why is it important to take the displacement of the spring with the object instead of the new length of the spring? 
13. How does the displacement by the spring relate to the mass of the object attached? 
14. What force do you think the spring experiences when you first put the object on the spring? 
15. Why do you think the spring bounces for a short amount of time then stops? What does this tell you about the spring? 
16. Do you think it would matter which spring you used to find the mass of your unknown object? Why do you think that? 
17. What did you find as the mass of your unknown? How did you find it?
18. How was the investigation you performed like the work of a real scientist? 
19. What are some things you did in your investigation? 
20. Why do scientists share their results? 
	1. Hang a block from it.


2. Attach to the spring.


3. To measure how long the spring is.
4. The difference between the two marks. [MC: the distance between the top of the table and the bottom of the block]
5. The masses on our springs. [MC: the displacement of the springs and while this is a correct response the displacement changing is due to changing the blocks on the spring]
6. The masses. [MC: the spring because we use the same one the whole time]


7. The amount displaced by the spring when the mass is attached. 

8. The displacement of the spring.

9. So we can see how changing one thing affects the other variables in our experiment and we know that there aren’t any other influences occurring. [MC: to make sure we get the same results]
10. We can use our collected data to find the mass of the unknown. We can take measurements. 
11. Because I’ve used a spring scale before. I know heavier objects will cause the spring to move down more than lighter objects. 
12. Because we are looking for a difference, or a change in length. 

13. The heavier the object the more the spring is displaced. 

14. The spring experiences friction and this causes it to slow down and stop. 

15. The spring experiences friction, which causes it to stop. 
16. No, you would just need to use the same spring the whole time. 

17. Answer varies for mass. The displacement method was used then compared to other collected data. 
18. Asked questions, did a fair test, wrote a procedure.

19. Collected data, made a prediction.

20. To compare their results with others and contribute to the scientific community. 




	EXPLANATION                                                                                                  Time: 10 Minutes

	What the teacher will do
	Probing Questions
	Student Responses

Potential Misconceptions

	Let’s share our results with the class. 
Pause and use attention getting device. Make sure you have everyone’s attention before continuing. 

Call on the reporter from one of the groups to share a prediction a member in their group had or their own.

Good, there appears to be a relationship between the displacement of the spring and the mass of the objects attached. Scientists say that the “stress” or the mass of the object attached is related to the “strain” or the amount displaced by the spring. 
This relationship is important for engineers when they are designing everything from bridges to elevators, as many materials have elasticity or “stretchiness” to them. It also has practical applications when bungee jumping. 

A few limitations include that we only tested a few objects before determining the unknown mass. We also only used two masses before testing the unknown. 

We’ve seen friction before in the movement of objects on surfaces. When you put an object on the spring, it also experiences friction and this causes it to slow down. 

We’ve discussed potential and kinetic energy before. Let’s talk about how that relates to the spring. 

Let’s assume the following scenario: I’m putting attaching the mass to the spring and then I release it. I want you to think about the energy that the spring has throughout the process of releasing the spring.
Demonstrate one time with a spring set up.  

That’s exactly right! The object had the most potential energy before it was released and the object had kinetic energy when it was moving after I released it. 
Like we discussed before springs have many practical applications, such as, in doors, locks and bicycles. 
	1. Please tell us about your group members’ predictions. 


2. Describe your procedure. 


3. What did you keep constant? 
4. What variables did you keep the same to make it a fair test? 

5. How did you measure the effect of the independent variable on the dependent variable? 

6. What was your conclusion? 
7. When do you think knowing that a spring stretches longer with an object with a larger mass is attached would be important? 
8. What do you think were a few limitations of your experiment? 
9. What is a variable you didn’t consider? How do you think it affected your experiment? 
10. When you first put an object on the spring, it bounced for a while. What do you think stopped the spring from bouncing? 
11. What is the energy that an object has while it is in motion? 
12. What is the energy that an object has because of its position? 
13. When did the spring possess the most potential energy? 
14. When did the object possess kinetic energy? 
15. What are some other examples of springs being used? 

	1. We can compare the displacement of the spring with different masses with the unknown mass’s displacement.  

2. Students may share different procedures.

3. The springs.

4. The springs, poster, experimental set up.

5. We used the same spring, and we used the same setup. 

6. That there is a relationship between length that the spring extends and the mass of the object attached.
7. When building things, bungee jumping!

8. We only tested a few objects before determining the unknown of the experiment. We didn’t do many trials. 
9. The springs experienced friction. It may have made the experiment inaccurate. 
10. Friction caused the spring to slow down. [MC: gravity pulled harder]
11. Kinetic energy.

12. Potential energy.

13. Before it was released. [MC: the spring only has potential energy when it is not moving]
14. When it was in motion, after you had released it.
15. In doors, garage doors, locks, bicycles.




	ELABORATION                                                                                                   Time: 10 Minutes

	What the teacher will do
	Probing Questions
	Student Responses

Potential Misconceptions

	Post “Weight on Other Planets” worksheet on the Doc Cam. 

Now we are going to use a computer simulation. Please play with the simulation for five minutes then we will discuss as a class what we have found. 

Give students five minutes to explore with simulation. Then select a few students to share what they have found. 

Those were excellent observations. Now, take the next few minutes to work on your activity sheet.

Allow the students to work on their activity sheets. You can ask the following questions to individual students or to the class: 

 
	1. What do you notice about the difference between your weight on Earth vs. other planets and the moon? 

2. How do you think these differences relate to the gravity an object might experience on these planets and the moon? 

3. What is mass? 
4. On different planets, we have seen that your weight would be different. Do you think your mass would be different? Why or why not? 

5. Why do you think the block hangs lower on Jupiter? 

6. What happens to the potential energy of the spring as you switch from different planets or on the Moon?

7. What factors do you think contribute to how far a spring stretches on different planets or the Moon?

8. When does the spring have the most kinetic energy? Potential energy?

9. Based on what you know about Pluto, how do you think a spring would behave on it?

10. Without actually going to Jupiter or using a simulation, how else could you predict how objects behave on Jupiter? 


	1. The weights are different. Some are higher and some are lower. 

2. The gravity factors into the weight. A place with less gravity makes your weight less and a planet with more gravity makes your weight more. 

3. The amount of “stuff” an object has.
4. The same because the amount of “stuff” doesn’t change. [MC: mass changes on different planets]
5. Because there is more gravity on Jupiter. 

6. The potential energy increases or decreases.

7. The size and mass of it. 

8. When its moving. At the bottom and at the time. 

9. The spring wouldn’t stretch as far as on Jupiter. 

10. Simulate planets in bottles with different combinations of liquids. Answers vary. 


	EVALUATE                                                                                                        Time: 5 Minutes

	What the teacher will do
	Probing Questions
	Student Responses

Potential Misconceptions

	You all came up with some great experiments! Now it’s time to show off what you know so we can see what you learned today! 
Pass out “Show off what you know!” evaluations. 
	
	


Name: ______________________



Date: __________________
Spring Lab
1. Question for investigation: 
How can we use a spring to determine an unknown mass? 

2. Prediction (What do you think will happen?): _____________________________________________________________________________________________________________________________________________________________________________________________________________________

3. Variables (a variable is anything you use or do in the investigation that can affect the outcome or results of the investigation)
Independent Variable (the variable in this investigation that is being changed by you): _______________________________________
Dependent Variable (the variable that is observed): __________________
4. Materials used:  

· Spring
· Three masses (two with known mass, one with unknown mass)

· Ruler 
5. Set up: 

Why is the ruler placed where it is? ________________________________

Why are the object attached in the same place? ____________________

Draw a picture of your setup: 

6. Procedure (explain how you are going to do your experiment and write as a series of steps): 

_____________________________________________________________________________________________________________________________________________________________________________________________________________________


7. You may now begin to set up and test your experiment. Remember to work as a team. 

Fill in the table below with your collected data:

	Object
	Mass 
	Initial length of spring (cm)
	Length of spring with object attached (cm)
	Displacement of spring =

length with object attached – initial length

	#1
	
	
	
	

	#2
	
	
	
	


8. What is the relationship between the displacement of a spring and the mass of an object attached?

_____________________________________________________________________________________________________________________________________________________________________________________________________________________
9. Now we’ll estimate the mass of our unknown!  

What is the displacement of the spring with Object #3 attached? ________________________________________

What do you think is the mass of Object #3? ________________________________________
10. Conclusion – What happened? Does your data support your prediction? 

_____________________________________________________________________________________________________________________________________________________________________________________________________________________
_____________________________________________________________________________________________________________________________________________________________________________________________________________________

11. If you were to do this experiment again, what would you change? 
_____________________________________________________________________________________________________________________________________________________________________________________________________________________

12. What questions do you have now? 

_____________________________________________________________________________________________________________________________________________________________________________________________________________________

Name: ____________________________

Masses and Springs PhET

1) Take 5 minutes to explore how the springs move when masses are put on them. Talk about what you find with your partner.

2) a) Explore how the springs and objects behave in different environments. 

    b) Fill in the table to help describe what you find out. 

	Place
	What happens to the spring? 

	Earth
	

	
	

	
	

	
	


5) Fill in the following table and circle if the potential energy before the spring is released increases or decreases.

	What did you do?
	Potential Energy - before the spring is released (circle your answer)

	Switch from Earth to Jupiter
	Increases                           Decreases

	 
	Increases                           Decreases

	
	Increases                           Decreases

	
	Increases                           Decreases


3) What do you think affects how the spring stretches on different places?

________________________________________________________________________

________________________________________________________________________

4) Draw three snapshots (moments in time – like a picture!) of the motion of your spring. 

	What does the spring look like? 
	Which is greater?  (circle your answer)

	
	Potential Energy                      Kinetic Energy

	
	Potential Energy                      Kinetic Energy

	
	Potential Energy                      Kinetic Energy


Name: _______________________
Show off what you know!

1. Which of these is NOT a force that acts on an object:

a. Gravity

b. Friction

c. Both of these act on an object

d. None of these act on an object

2. An object is attached to the bottom of a spring hung from the ceiling. Using the following table, determine the mass of the unknown object.

a. 0 grams

	Mass
	Length Stretched

	10 grams
	20 cm

	X
	30 cm

	20 grams
	40 cm


b. 5 grams

c. 25 grams

d. 15 grams

Consider the following scenario to answer Questions 3 and 4:  

You put an object on a spring and then let it bounce up and down. It stops moving after a few minutes.   

3. When did the object have the most potential energy?

a. When it was bouncing.

b. Before it started bouncing.

c. When it stopped bouncing.

d. Both b and c. 

4. When did the object have kinetic energy?

a. When it was in motion.

b. Before it started bouncing.

c. When it stopped bouncing.

d. None of the above. Kinetic energy remains constant.

5. If a spring has an object attached to it on Jupiter, the spring would change shape:

a. more than on Earth.

b. less than on Earth.

c. the opposite direction as on Earth.

d. The spring wouldn’t change shape.

6.  Journal Question: A scale you weigh yourself with uses springs. How do you think it works? Why? 

________________________________________________________________________________________________________________________________________________________________________
Show off what you know! 

KEY

1) C

2) D

3) D

4) A

5) A

6) Your scale has a spring inside that is calibrated so that depending on how much you stretch the spring inside will relate to how much you weigh. The more that you weigh the further the spring will stretch on the inside of the scale. 

Question of the Day:

How can we use a spring to determine the mass of an object?

Weight on Other Planets!

Let’s assume that you weigh 50 Newtons on Earth. Here is what your weight would look like on different planets:

	Planet
	Weight (N)

	Mercury
	18.9

	Jupiter
	118.2

	Saturn
	53.2

	Uranus
	44.4

	Neptune
	56.2


What conclusion can you draw about your weight on Jupiter compared to Earth? 

Job Cards: 




STOP – Check with your teacher!





Principle Investigator


I will make sure every group member is involved and has a turn


I will make sure the group completes all parts of the activity





Reporter


I will make sure all data is recorded properly by each member of the group, including myself


I will report my group’s findings to the class








Technician


I will gather and return all materials needed


I will make sure the material are used as tools and not toys





Time/Safety Manager


I will make sure all safety instructions are followed by each group member 


I will make sure the group stays on task 









