Name;_______________________________________ Standard 4 Students will understand the relationships among energy, force, and motion:    Objective 2 Examine the force exerted on objects by gravity.
B. Cite examples of how Earth’s gravitational force on an object depends upon the mass of the object. 
Gravity is ___________________________________________________________________

FORCE: _____________________________________________________________________
Newton’s Laws of Motion 
1st law: An object at rest tends to stay at rest and an object in motion tends to stay in motion unless acted upon by an unbalanced force.
-
-

-

-

-

-
2nd law: Force equals mass times acceleration.
-

-

-

-

-

-
-

-

-
3rd Law: For every action there is an equal and opposite reaction.
-
-

C. Describe how Earth’s gravitational force on an object depends upon the distance of the object from Earth. 

What is a Satellites?
When do Satellites become subject to earth’s gravity?

-

-

-

-

-

-
-

-

-
A. Distinguish between mass and weight. 

~  In the picture below draw a picture of yourself on the moon and a picture of yourself on earth.  Please be sure to show that your weight changes on the Earth and the Moon but the mass would stay the same.

[image: image1.jpg]


Earth







Moon








Please complete the Weight in Space Worksheet Next:

Weight in Space:   Did you know that if you went to a different planet that your weight would change?   Why is this?



____________________________________________________________________

1. Please calculate how your weight on Earth would change from planet to planet & then answer the Concept questions.   2. Then make a bar graph in the space below.

	Planetary Body
	My Weight on Earth       X  
	Surface Gravity
	My Weight on that Planet

	Moon
	
	.16
	

	Mercury
	
	.39
	

	Venus
	
	.91
	

	Mars
	
	.38
	

	Jupiter
	
	2.6
	

	Saturn
	
	1.07
	

	Uranus
	
	.90
	

	Neptune
	
	1.15
	

	Pluto
	
	.05
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Concept Questions

1.  Which planet did you weigh the least? _________________   

the most?_____________________

2. Why was your weight the least on that particular planet?  

3. What stays the same about you as you visit planet to planet?

4.  Could your weight change & your mass stay the same, 
even on earth?  

Explain how.

5. Define: Weight:






And Mass:
B. Cite examples of how Earth’s gravitational force on an object depends upon the mass of the object. 

Title:  Mass vs. Weight 





Introduction:  Are mass and weight the same thing?  Which one does your bathroom scale measure?  Which one depends on how hard gravity pulls on you?  Which is measured in kg and which is measured in newtons?

Scientists define mass as the amount of stuff (matter) in an object.  Weight is defined as the force of gravity between you and the Earth.

In this lab we are going to be exploring the ways mass and weight are measured and the units (labels) for them.  By the end you should be able to answer the questions and the beginning of the intro.  Pay attention to how the balance and spring scale work and the units they have on them.

Materials:  One triple beam balance and one 5 newton spring scale per group.  Three or four objects to be massed and weighed.

Hypothesis:  If you could take your balance and spring scale to the Moon, which would read the same, for your objects, as here on Earth and which would read differently?

Procedure:

1. Get your materials.  Before you start to measure your objects you need to zero out you balance and spring scale as per the teacher’s instructions.

2. Mass all of your objects and record the data on the data table below.
3. Repeat using your spring scale.
4. Make sure that you put the correct units on your data table
Data:  

	Objects
	Mass (         )
	Weight (            )

	
	
	

	
	
	

	
	
	

	
	
	


Analysis:

1. Which measurement involved gravity?
2. Which measurement used a known object to measure against?

3. What would a bathroom scale measure?

4. When you go to the doctor’s and they put you on their scale, are they finding your mass or your weight?

5. If you found your weight was 475 N, what would your mass be?  (Hint: 1 kg = 10 N.)

6. Which measurement would change if you went to Mercury?  Why?

7.   If you were given a quantity of known masses (paint cans, bricks etc), describe how you would find your mass.

Conclusion Statement:
St 4 Obj 2. D. Design and Build structures to support a load.  B. Cite examples of how Earth’s gravitational force on an object depends upon the mass of the object. 

Introduction:   Newton’s Law says:  
 For every ___________________ there is an _______________ and ________________ ________________ 

What does Newton’s Law have to do with the bloopers we watch?

__________________________________________________________________________________________

Balanced Force Means:_______________________________________________________________________

Unbalanced Force Means:_____________________________________________________________________
Build a structure made completely out of paper that can support a load on a second story (or above ground).  You will then see how many pennies can be supported on that load.    It will not be a matter of simply determining the number of pennies, you will need to determine the mass of each penny and then calculate the total Newton’s your structure held from the number of pennies on the structure. You must have procedures and an explanation that you have approved by the teacher with a drawing of your structure before you begin.  You want to use the smallest amount of paper to support the most weight.  ).

Question:   What design will support the most weight or force?  

Hypothesis:______________________________________________________________________________
Materials and Requirements:


Your Own Procedures:
-Height: 15 cm

-Tape Amount: 1 meter

-No more than 10 sheets of paper

-The structure must be supported

 for at least 10 seconds.

-The structure needs to imitate a 

Man-made structure. 


Picture of your Structure and 

an explanation of why your 

structure will hold up the most pennies:

Data Table:

	Group #
	# of Pennies or Weebles
	Mass of Pennies & Weebles

(g)                      (kg)
	Multiply by acceleration (gravity)
	Total Newtons of all Pennies supported
	Ratio of paper used by the # of pennies (Newtons /# paper)

	1
	
	
	
	X    10 m/s2
	
	

	2

	
	
	
	X    10 m/s2
	
	

	3

	
	
	
	X    10 m/s2
	
	

	4

	
	
	
	X    10 m/s2
	
	

	5

	
	
	
	X    10 m/s2
	
	

	6

	
	
	
	X    10 m/s2
	
	

	7

	
	
	
	X    10 m/s2
	
	

	8

	
	
	
	X    10 m/s2
	
	


Graph of the groups’ total Newtons supported:

Graph of the groups’ ratio: # of papers/# of pennies
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	


	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	


Groups





           Groups
Analysis:   Be sure to explain each answer with scientific data or a scientific principal.  

1) What allowed your structure to support your load? 

2) What force was your structure trying to overcome? 
3) What would you do differently if you had the opportunity to build this structure again?   

Conclusion:  What have you learned about Newton’s 3rd Law and a structure to support a load?

Motion of Balloon Rocket Lab
Purpose:  Students will manipulate a balloon rocket like the one shown below to demonstrate Newton's 3 Laws of Motion.


Materials:

balloon

straw

tape

pennies

fishing line or string

paper

Hypothesis:  We believe that our balloon will travel farthest if….__________________________________________________
______________________________________________________________________________________________________
Independent Variable:___________________________________________________________________________________
Constant Variables: _____________________________________________________________________________________
Dependent Variable:_____________________________________________________________________________________
Procedures:

1. Tie one end of a string to a chair, doorknob, or other support.

2. Put the other end of the string through a straw. Then pull the string tight, hold it level.

3. Blow up the balloon, and pinch the end of the balloon to keep the air inside. Do not tie the balloon.
4. Tape the balloon to the straw so that the opening of the balloon is horizontal with the ground.
You may need two students for this: one to keep the air pinched inside the balloon and the other to tape the balloon to the straw.

5. While holding the balloon opening closed, one student should pull the balloon all the way back to the end of the string (the starting line) so that the balloon opening is against one support. Have another student use the marker to draw a finish line near the other end of the string.

6. Let go of the balloon and watch it move along the string.

7. Repeat launching the balloon with the instructions in the next sections
1. Standard Launches 

Launch the balloon and record the data 3 times.  This will be our control group and provide a comparison for our other tests.  Record the data in the table below.

	
	Distance (cm)
	Time (sec)
	Speed (cm/sec)

	Standard Launch 1
	
	
	

	Standard Launch 2
	
	
	

	Standard Launch 3
	
	
	

	Standard Launch Average
	
	
	


2. Increased Mass Launches

Add mass to your rocket by taping pennies to your balloon.  Record the number of pennies you added below, then launch your rocket 2 times and record the data in the table below.

Number of pennies added to rocket_____________

	
	Distance (cm)
	Time (sec)
	Speed (cm/sec)

	 Increased Mass Launch 1
	
	
	

	Increased Mass  Launch 2
	
	
	

	 Increased Mass Average
	
	
	


3. Increased Air Resistance Launches

Make sure you have removed the pennies from the mass test launches.  Now tape a piece of paper to your balloon in a way that will create more air resistance.  Sketch your rocket with the paper below.  Then, launch the balloon 2 times and record your data in the table below.

Sketch of balloon rocket with added resistance


	
	Distance (cm)
	Time (sec)
	Speed (cm/sec)

	 Air Resistance Launch 1
	
	
	

	Air Resistance Launch 2
	
	
	

	 Air Resistance Average
	
	
	


Analysis Questions:

1. How did the mass affect the motion of the balloon rocket?  How does this relate to Newton's Laws of Motion?

2. Which set of launches had the highest average speed?


3. Why did I ask you to use the launch averages?

3.    Draw a diagram that shows the forces that were acting on 
your balloon rocket as it moved.

Conclusion-  Connection to Newton’s 3 Laws of Physics: Describe how the rocket obeyed Newton’s 3 Law of physics:

1st Law:

2nd Law:

3rd Law:

Impact Lab:
Choose three different mass sized balls to drop from a height of 1 meter into a container of sand.  Make sure to accurately follow the scientific process as you go through the lab, including question, hypothesis, variables, procedures, data, and a conclusion.  (You will not be able to do the lab until the first 7 steps are complete).

1. Question:

2. Hypothesis:

3. Materials:

4. Independent Variable:

5. Constant Variables:

6. Dependent Variable:

7. Experimental plan:


8. Data Collection:

	Types of ball
	Relative Mass

(1=most mass  3=least mass)
	Depth of Impact
	Acceleration
	Relative Gravitational Force

(1= most force      3= least force)

	
	
	
	
	

	
	
	
	
	

	
	
	
	
	


9. Graph (Remember to include all parts of TAILS):





	
	
	
	
	
	
	
	
	
	

	  
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	


10.  Conclusion:  Please describe Newton’s 2nd Law in terms of the acceleration of gravity as well as the force of gravity on objects of different masses.

Movie: “Elements of Physics: Motion, Force and Gravity”
1. What did Aristotle believe about falling things?

2. What did Galileo find about falling things? 


3. What is Galileo called?

4.  What does gravity show the speed an object falls at 1 sec, 2 sec, and 3 seconds?

5.  What is a force?

6. Explain an example of Newton’s first law:

7.  The greater the ________________, the __________________ it is to move it.

8. Do objects lose their mass in space?
9. What equation explains Newton’s second law?

10. Explain an example of Newton’s second law:

11. Newton’s 3rd law states: that for every _____________ there is an equal and opposite _____________.

12.  Explain an example of Newton’s third law:

13.  Why is important to know the 3rd law of motion if you are an architect?

14.  What is a net force?

15. Give an example of friction in action:

16.  Why does the moon never leave the Earth’s orbit?

Movie:  “Gravity and the Center of the Milky Way Galaxy”

1. What is causing the stars studied in Mauna Laua to move extremely fast?

2.  How long did Kittinger freefall?   How fast did he accelerate for?

3. Gravity is the attraction between two bodies: Joe at:_______________ lbs  and Earth at:________________
4.  Who broke Joe Kittinger’s record?   When did this happen?  How high did he jump from?

Review Worksheet:
1. _____ Unbalanced Force

A. a downward force that pulls objects toward the center of the Earth 

2. _____ Force


B. If I pull a book 7 N left, and you pull a book 7 N right, there is no 

3. _____ Gravity


    net movement and the book doesn’t move. This is a __________

4. _____ Balanced Force
            C. Force = mass * acceleration

5. _____ Friction


D. This is measured in kg or grams, and is the same on any planet


6. _____ Weight


E. The push or pull on an object that is measured in Newtons

7. _____ Mass


F. A tug-of-war and one side is winning creates an ___________.

8. _____ Newton’s 2nd Law:

G. A baby elephant weighs 200 lbs or 560 N.  Its’ mass is under gravity.    

     The Newtons would be different if on the moon.

H. As a ball rolls across a surface it slows down because of _________

9. What’s the difference between mass and weight?
10.  If a spaceship goes to the moon, what aspect would stay the same? And what aspect of the spaceship would be different?
11.  If you had clay and wanted to change the amount of matter it had, what would you do?

12.  Out of the following objects, which has the greatest amount of gravitational pull on Earth: a ball, a person, a car?   Explain your answer.

13. What if a team of astronauts traveled to mars and discovered that gravity worked in reverse, what would scientists now accept and do?

14) Name a situation where a given weight would remain the same?

  
15) Which of these best describes the relationship between the mass of an object and Earth's

gravitational pull on the object? 

A. the smaller the mass of the object, the greater is Earth's gravitational pull on it  
B. the greater the mass of the object, the greater is Earth's gravitational pull on it  
Explain why you picked A or B

	Planet


	Mass of a golf ball

 on that planet

thplanet
	Weight of a golf ball

on that planet

	Earth
	0.045 kg
	.441 N

	Mars
	0.045 kg
	.169 N

	Jupiter
	0.045 kg
	1.12 N

	Pluto
	0.045 kg
	.026 N


16) What two things affect the gravitational 
pull between two objects?   Explain:
17. Make two statements about weight and mass using the chart to the right:
(Use the Chart on the previous page for #18-20)

18. Which planet is bigger?  Explain:
19. On which planet could you jump higher?  Why?


20. On which planet would you jump the least high? Why?
21. What kind of structure would hold up a load better: 1 pillars, 2 pillars, or 3 pillars?  Why?

22. How did we test how much a structure could support?  How is this using the scientific method?

For problems 23 – 25:   Three boys, John, Mario, and Brock decided to see how many arm curls they could do without stopping. An arm curl is performed by holding a barbell with the arm straight down and the hand facing forward, then bending the arm at the elbow and raising the barbell toward the shoulder. The boys used 3 different barbells of increasing mass. These curls were all done between 9 and 9:30 a.m. on the same day.
23) Which of these variables was a controlled variable?  
24. What is the independent variable?
25) What was the dependent variable? 
               26. How is weight measured in the metric system?
27) Give an example of how a scientist could help an engineer, design and build a bridge? 

28) Isaac Newton discovered that large masses have more gravity than small masses. What evidence supports this discovery?
29) Give an example of how gravity can help do some work:

30) What does a builder have to remember when building a chair?
31)  How could a biologist, a physicist and a geologist look at the affects of gravity differently?  Who is the most correct? Why?
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