
SOUTH CAROLINA SUPPORT SYSTEM INSTRUCTIONAL PLANNING GUIDE

	Content Area:  
	Eighth Grade Science                            

	Recommended  Days of Instruction:  2
(for this lesson only; NOT for this indicator)
	(one day equals 55 min)

	Standard(s) addressed:  8-4

	The student will demonstrate an understanding of the characteristics, structure, and predictable motions of celestial bodies. (Earth Science)

	Earth’s Structure and Processes

	Indicator
	Recommended Resources
	Suggested Instructional Strategies
	Assessment Guidelines

	8-4.8:  Explain the difference between mass and weight by using the concept of gravitational force.

	SC Science Standards Support Guide Resource List
https://www.ed.sc.gov/apps/cso/standards/supdocs_k8.cfm
SC ETV Streamline
http://etv.streamlinesc.org
 “Mass and Weight” (2:07) from the video series: Basics of Physics: Exploring Gravity  http://player.discoveryeducation.com/index.cfm?guidAssetId=8D25E208-70B0-4322-9B7B-273BB6D822C7
 “Gravity in Space” (3:54) from the video series - Physical Science: Forces and Gravity http://player.discoveryeducation.com/index.cfm?guidAssetId=A9A3C155-CC08-491E-B8F6-C66302DC1513
Additional Resources

Experiment done on the moon http://science.nasa.gov/science-news/science-at-nasa/2007/18may_equivalenceprinciple/
Comparing training to skateboarding http://brainbites.nasa.gov/#/utlimate-training-ground
Underwater  http://brainbites.nasa.gov/#/astronauts-practice-underwater
Vomit comet
http://brainbites.nasa.gov/#/vomit-comet
“Inertial Balance”
http://www.nasa.gov/pdf/315956main_Microgravity_in_the_Classroom.pdf
The World Book Student Discovery Encyclopedia

http://www.nasa.gov/worldbook/wbkids/k_gravity.html
Picture of how gravity differs around Earth http://antwrp.gsfc.nasa.gov/apod/ap011113.html
Video clip of Paul Hewitt explaining demo of mass verses weight (You Tube)  http://www.youtube.com/watch?v=aCqQzrPCcFM
Video clips from NASA http://www.nasa.gov/audience/foreducators/topnav/materials/listbytype/Why_Do_Astronauts_Float.html
http://www.nasa.gov/audience/foreducators/topnav/materials/listbytype/What_Is_Microgravity.html
http://www.nasa.gov/audience/foreducators/topnav/materials/listbytype/Different_Gravity.html
A satellite that is measuring the differences in gravitational forces around the world
http://www.csr.utexas.edu/grace/
Mass vs. Weight

http://www.edinformatics.com/math_science/mass_weight.htm
Answers to commonly asked questions about gravity http://helios.gsfc.nasa.gov/qa_gp_gr.html
NASA Jet Propulsion Laboratory: Welcome to the Planets http://pds.jpl.nasa.gov/planets/welcome.htm
Amazing Space  

http://amazing-space.stsci.edu/ 

Earth Science World  http://www.earthscienceworld.org/index.html 

Views of the Solar System  http://solarviews.com/
San Francisco Exploratorium: Space Weather Research Explorer  http://www.exploratorium.edu/spaceweather/index.html 

Earth Observatory http://www.earthobservatory.com/
The Planetary Society

http://www.planetary.org/ 
 “Microgravity in the Classroom”  http://www.nasa.gov/audience/foreducators/topnav/materials/listbytype/Microgravity_in_the_Classroom.html

	See Science Module 8-4.8

	From the South Carolina Science Support Document:

The objective of this indicator is to explain the difference between mass and weight using the concept of gravitational force; therefore, the primary focus of assessment should be to construct a cause-and-effect model that shows how gravitational force affects mass and weight but makes them different. However, appropriate assessments should also require students to compare mass and weight; or infer whether an object would be heavier or lighter based on gravitational pull.


Eighth Grade

Science Module 

8-4.8
Astronomy: Earth and Space Systems
Lesson A
[image: image7.png]



From the South Carolina Science Support Documents:

Indicator 8.4.8:  Explain the difference between mass and weight by using the concept of gravitational force.
Taxonomy level: 

Understand Conceptual Knowledge (2.7-B)
Previous/Future knowledge: Students were introduced to the use of a balance for measuring mass (2-1.2, and also in math), and mass as a property of solids and liquids (2-4.1), in 2nd grade. The use of the spring scale was introduced in 6th grade (6-1.1). This concept of the difference between mass and weight, although they are related, is new to this grade. Students may come with a misconception that they are the same since instruction in previous grades has dealt with objects on Earth where there is very little difference noted in the measurement of mass and weight and the standard English units are the same.

It is essential for students to know that the concept of gravitational force can be used to explain the difference between mass and weight.

Mass

· Mass is the amount of matter in an object; it does not depend on forces acting on it.

· Mass is the same no matter where the object is located as long as the object does not gain or lose any of its matter.

· An object that has mass can be pulled on by gravitational force.

· Mass is measured on a balance.

Weight

· Weight is a measure of the pull of gravity on an object.

· Weight is related to mass but they are not the same.

· Weight on Earth is based on the pull of gravity toward the center of Earth.

· Weight can change on Earth since the pull of gravity is not the same everywhere.

· Weight is measured using a spring scale.

· Weight can change if an object is located on another object in space, for example, the Moon or Mars.

· The mass of that larger object determines the pull of gravity and therefore the weight of the object.

· Weight may change due to the change in gravitational force, but mass stays the same.

It is not essential for students to calculate weight differences between an object on Earth and the Moon, or convert mass in kilograms to weight in newtons.

Assessment Guidelines:

The objective of this indicator is to explain the difference between mass and weight using the concept of gravitational force; therefore, the primary focus of assessment should be to construct a cause-and-effect model that shows how gravitational force affects mass and weight but makes them different. 
However, appropriate assessments should also require students to compare mass and weight; or infer whether an object would be heavier or lighter based on gravitational pull.

Teaching Indicator 8-4.8:  Lesson A –“Comparing mass and weight”
Instructional Considerations: 
This lesson is an example of how a teacher might address the intent of this indicator.  The STC kit Earth in Space provides an opportunity for conceptual development of the concepts within the standard.  NOTE:  This lesson does NOT adequately address the entire content included within this standard.  
Misconceptions:

Some incorrect believes children often hold include but are not limited to:

· Mass and weight are the same.  (Mass is the amount of matter in an object; weight is the measure of the pull of gravity on an object.)
· Gravity only exists on Earth.  (Surface gravity exists on all planets, although the extent of this force varies from planet to planet.)
· Gravity does not affect all matter at all times.  (All matter exerts a gravitational force on all other matter.)
· Planets with slow or no rotation have little or no gravity.  (Surface gravity depends on the mass and radius of a planet not on its rotation.)
· Students may not recognize that the Sun attracts Earth and the Earth attracts the Sun.  (The gravitational force of the Sun on Earth is the same as the gravitational force of Earth on the Sun.)
· Students may believe that a planet cannot stay in orbit unless a force constantly “pushes” it.  (Planetary motion is dependent on the Sun’s gravitational pull on the planet and the planet’s forward motion.)
· Students may think that the Sun’s gravitational influence on Pluto must be stronger than its influence on Mercury in order to hold Pluto in orbit.  (Various factors determine gravitational attractions, including mass and distance.  Pluto’s mass is less than Mercury’s and Pluto is further away from the Sun; therefore, the gravitational attraction between the Sun and Pluto is less than the gravitational attraction between Mercury and the Sun.)
· Children often have trouble making the connection to real world from simulations or models; be explicit in asking clarifying questions to ensure lifelong misconceptions are not created.

Safety Note(s):

Students should know and practice the procedures for fire, glass and chemical safety.  Students should use care when performing this experiment, and be wearing the proper safety equipment including aprons and goggles.   Students should know and practice safe disposal of materials in a laboratory setting.  
Lesson time:

2 days (1 day equals 55 minutes)
Materials Needed: (per groups of 4)


· Inertial balance (see attached Teacher Notes for construction instructions)
· Objects to be measured

· Graph paper, ruler, and pencil

· Pennies and nickels

· Stopwatch
· Inertia rods (demo set only – see Teacher notes for construction instructions)
· Article “Inertia and Microgravity” (see attached)

· Spring scale

· Balance scale

Focus Question:
How are mass and weight influenced by gravitational forces?
Engage:

1. Dialogue as a class about the difference between mass and weight.  (NOTE:  It is not necessary at this point to clarify any confusion between the two – by the end of the lesson students should realize the difference and self-correct prior misconceptions.)
2. If you drop a feather and a hammer at the same time, which will hit the ground first?  Which would hit the surface of the moon first?  Dialogue as a class about the differences between Earth and the moon and how those might influence the results if it were actually done.  (NOTE:  IF air resistance is removed, both objects will hit the ground at the same time on both surfaces)  A video clip of this experiment done on the moon can be found at: http://science.nasa.gov/science-news/science-at-nasa/2007/18may_equivalenceprinciple/
3. The idea of limited gravity can be difficult on the body.  When astronauts are preparing to visit space, how might they practice to prepare themselves for that experience here on Earth?  After a quick collection of ideas from the class, show the videos to explain two methods:
a. Comparing training to skateboarding: http://brainbites.nasa.gov/#/utlimate-training-ground
b. Underwater:  http://brainbites.nasa.gov/#/astronauts-practice-underwater
c. Vomit comet: http://brainbites.nasa.gov/#/vomit-comet
4. If mass is the amount of stuff in an object and weight is measure of the pull of gravity on that stuff, how might you determine the weight of something without gravity?  Now, we are going to further explore the idea of the difference between mass and weight and how they are influenced by gravitational forces.
Explore:
NOTE:  This has been extracted from the lesson “Inertial Balance” originally published by NASA as part of the Microgravity Educator Guide and can be downloaded at: http://www.nasa.gov/pdf/315956main_Microgravity_in_the_Classroom.pdf
1. To use the inertial balance, students will place the wood block on the edge of a table so the hacksaw and canister stick over the edge. The balance can be anchored with a clamp or just pressed to the tabletop by one student in the team. An object of unknown mass is placed in the canister and the students determine its mass by deflecting the blade so it swings from side to side. Unknown masses can be such things as nuts and bolts, washers, and pebbles. The tissue paper called for in the instructions anchors the unknown object in the canister so it will not slosh around and throw off the accuracy.

2. The first step for students is to calibrate the balance. This is done with a standard mass such as a penny. The length of time the balance takes to oscillate 25 times is measured for zero through 10 pennies. The results are plotted on a graph.  When an unknown mass is placed in the canister, its time will be measured. By referring to the graph, students will be able to determine the unknown object’s mass by seeing where it falls on the graph. The mass will be given in units of pennies. If desired, the balance can be calibrated in grams by measuring the pennies on a metric beam balance.
3. Use the inertia balance to measure the mass of several items.
[image: image1.emf]
4. [image: image8.emf]Demonstrate the inertia rods by having a student pick up both of the rods from their upper ends and tell the class whether the rods feel the same. Then, the student grasps each rod by its middle, extends arms, and twists the rods side to side as rapidly as possible. One rod will be easy to twist and the other difficult. The effect is caused by the distribution of the mass in each rod. Because the ends of the rods move more rapidly than the middle during twisting, the student feels more inertia in the rods with the masses at the ends than the rod with the masses in the middle. Relate this experience to the way the inertial balances operate.

5. Ask students to design an inertial balance that automatically counts oscillations.
6. Have students enter their calibration data into a graphing calculator and use the calculator to determine unknown masses when new measurement results are entered.
7. Read the article “Inertia and Microgravity” – have a class discussion about interesting components.

8. So, why do astronauts float in space?

9. Watch the video clip from NASA: http://www.nasa.gov/audience/foreducators/topnav/materials/listbytype/Why_Do_Astronauts_Float.html
Explain: 

1. Watch the video clips from NASA – an explanation of microgravity: 
a. http://www.nasa.gov/audience/foreducators/topnav/materials/listbytype/What_Is_Microgravity.html
b. http://www.nasa.gov/audience/foreducators/topnav/materials/listbytype/Different_Gravity.html
2. How are mass and weight influenced by gravitational forces?  Mass is not influenced by forces; it is the amount of matter in an object.  Mass is the same value no matter where it is located as long as it has not lost any of it’s matter – mass is measured using a balance.  Weight is a measure of the pull of gravity on an object and is measured with a spring scale. Gravity is a force that causes things to fall when they are dropped. The force of gravity gives things their weight.
[image: image9.emf]Every object has its own force of gravity. Earth's gravity keeps the moon on its path around Earth. The moon has its own gravity, but it is not as strong as that of Earth. That is why astronauts on the moon can carry equipment that would be too heavy to carry on Earth.

Image to left: Some planets have a stronger force of gravity than others. On Earth, above left, you might be able to jump 3 feet (almost 1 meter). On the moon, center, which has low gravity, you might jump 20 feet (6 meters). On Jupiter, above right, which has high gravity, you could jump only 14 inches (35 centimeters). Credit: World Book illustration

Gravity depends on the amount of material that makes up an object. The more material an object has, the stronger is its force of gravity. The force of gravity between two objects decreases as the objects get farther apart.
"Gravity." The World Book Student Discovery Encyclopedia. Chicago: World Book, Inc., 2005.  http://www.nasa.gov/worldbook/wbkids/k_gravity.html
3. Watch the video clip of Paul Hewitt explaining demo of mass verses weight (You Tube) - http://www.youtube.com/watch?v=aCqQzrPCcFM
4. Watch the ETV Streamline SC segment “Mass and Weight” (2:07) from the video series: Basics of Physics: Exploring Gravity - http://player.discoveryeducation.com/index.cfm?guidAssetId=8D25E208-70B0-4322-9B7B-273BB6D822C7 
Extend:

1. Have a class discussion “How is gravity is different all over the Earth?” – to see a picture of how gravity differs around Earth: http://antwrp.gsfc.nasa.gov/apod/ap011113.html
2. To see a satellite that is measuring the differences in gravitational forces around the world:  http://www.csr.utexas.edu/grace/
3. Watch the ETV Streamline SC segment “Gravity in Space” (3:54) from the video series - Physical Science: Forces and Gravity http://player.discoveryeducation.com/index.cfm?guidAssetId=A9A3C155-CC08-491E-B8F6-C66302DC1513
4. To compare the difference between a spring scale and a simple balance scale:  (NOTE: this has been adapted from the lesson found at: http://www.edinformatics.com/math_science/mass_weight.htm:
5. Shown below are two types of scales commonly used in the classroom --a spring scale (left) and a simple balance beam scale on the right.
6. On earth the spring scale reads 100g with an unknown mass attached at the bottom. To balance the scale on the right a 100g mass was also needed.
7. If we were to take both scales to the moon, what would the spring scale read? How much mass would be needed to balance the 100g mass on the balance beam? Can you explain your answer? If you hold the spring scale upside down will you get the same results?  Would you get the same results if you slide it across the table?  Explain your thoughts then test them.  Be sure to record your information in your notebooks.
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	spring scale
	 
	simple balance scale


8. What did the above experiment demonstrate? It shows that the scale on the left was measuring the force of gravity (weight) not mass. On earth the spring was standardized to read 100g at sea level. A true balance beam (like a triple beam balance you use at school) measures mass by balancing the scale against a known (standardized) mass. On the moon the mass on the left side of the balance may 'exert less force', but then less force will be needed to balance it.
9. So what is really mass and weight if they are not the same thing?
10. Mass is defined as the amount of matter an object has. One of the qualities of mass is that it has inertia As an example of inertia, imagine an ice puck resting on a frozen pond. It takes a certain amount of force to set the puck in motion. The greater the mass the more force will be needed to move the puck. The same is true if the puck were sliding along the ice. It would continue to slide until a force is applied to stop the puck. The more massive the puck is, the more force will be needed to stop the motion of the puck. Mass is a measure of how much inertia an object shows.
11. The weight of an object on earth depends on the force of attraction (gravity) between the object object and earth. We can express that force as an equation:
F = G[M m/r2] ,

where F is the force of attraction, M is the mass of the earth, m is the mass of the object, and r is the distance between the center of mass of the two objects (G is called the Gravitational Constant)
12. What does this equation show? What will cause the force of attraction to increase or decrease? If either mass increases the force of attraction increases proportionally. Since the moon has 1/6 the mass of earth, it would exert a force on an object that is 1/6 that on earth.
13. Why is the 1/r 2 factor so important? This is an inverse square relationship which seems to show up a lot in physics. How does it affect the force?
14. What is 1/r 2 when r=1, 2, 5, 10? What is the decimal equivalent? Notice that when r=1 the value 1/r 2 is 1.0, but at r=10 it deceases to 1/100. That means gravity gets weak 'quick' as we move away from the earth.
15. To get a real feel for the inverse square relationship, see if you can get two magnets. Move the poles closer and closer slowly, what do you notice when r (the distance between the poles) is very small?
16. What is the difference between the mass and weight of a bowling ball? (Answer: The ball has both weight and mass. Its weight makes it hard to lift. Its mass makes it hard to get rolling, and also hard to stop.)
17. What do we mean by the ball's weight?  (Answer:  Its weight is the force by which gravity pulls the ball down.)
18. What do we mean by the ball's mass? (Answer:  The ball's mass is its inertia, its resistance to acceleration.)
19. Suppose that some time, in the far future, a bowling alley is built on the Moon, where gravity is 1/6 of what it is on Earth. Would it be easier there to roll the ball down the alley? (Answer: It would be easier to lift the ball off the floor, but not any easier to get it rolling.)
20. An astronaut in a space suit, in the space shuttle bay, tries to push a one-ton scientific satellite out of the bay, but the satellite proves very hard to move. If it is weightless, why should it be so? (Answer: In the moving frame of reference of the space shuttle, it has no weight, but it has one ton of mass.)
21. Should the astronaut give up trying to push it? (Answer: Not necessarily. If he keeps pushing it will accelerate--it just does so very slowly. In a minute it might be moving fast enough to float out of the bay. At this point, however, the astronaut better be ready to let it float away--trying to stop it would be just as hard!)
22. On Earth we drop from a high point a bowling ball and a marble. The marble has only 1/1000 of the weight of the ball, but it falls just as fast. Why?  (Answer: The marble also has only 1/1000 of the inertia or mass of the bowling ball. By Newton's law: a = F/m; Both F and m for the marble are 1/1000 times less, but their ratio is the same as with the bowling ball, and therefore the marble accelerates at the same rate.)
23. If the Earth's gravity reaches up to the Moon (which is held by it), how can we have a "zero gravity" environment aboard a space station that orbits a mere 300 miles above ground?  (Answer: Gravity does act on the space station, too--that is what keeps it in its orbit. In fact, gravity is the only external force acting on it and on the astronauts inside (same as it is in free fall).  That means that inside the station, no additional force pulls objects towards Earth. In the reference frame of the space station it feels like "zero g", because no outside force is evident.)
24. Before electronic wrist-watches were introduced (around 1980), mechanical ones were used. How were they designed, to operate in any position? (Answer: They obviously could not depend on gravity, so they too used a spring and an oscillating mass. The mass was a balance wheel, which rotated back-and-forth against a spiral spring.) [It might be possible to show the class an old mechanical alarm clock with its back removed, provided the balance wheel is clearly visible, which often is not the case.] 
Additional Resources:
1. Answers to commonly asked questions about gravity: http://helios.gsfc.nasa.gov/qa_gp_gr.html
2. NASA Jet Propulsion Laboratory: Welcome to the Planets - http://pds.jpl.nasa.gov/planets/welcome.htm
3. Amazing Space  - http://amazing-space.stsci.edu/ 

4. Earth Science World - http://www.earthscienceworld.org/index.html 

5. Views of the Solar System - http://solarviews.com/
6. San Francisco Exploratorium: Space Weather Research Explorer - http://www.exploratorium.edu/spaceweather/index.html 
7. Earth Observatory - http://www.earthobservatory.com/
8. The Planetary Society: http://www.planetary.org/ 
9. To download the entire series “Microgravity in the Classroom” - 
http://www.nasa.gov/audience/foreducators/topnav/materials/listbytype/Microgravity_in_the_Classroom.html
Teacher Notes
(Construct prior to lesson)
[image: image10.emf]Construction of Inertial Balance:

Materials and Tools Needed:

· Hacksaw blade (12 inch)

· Coping saw (optional)

· 1 C-clamp (optional)

· Plastic 35mm film canister

· Tissue paper

· Masking tape

· Wood block (1x2.5x4 inch)

· Wood saws

· Glue

[image: image11.emf]Except for the empty film canisters, which are free from photo processors, materials and tools for making all the balances can be obtained at a hardware store where lumber is also sold. To reduce your cost, buy hacksaw blades in multipacks. The dimensions for the wood blocks are not critical and you may be able to find a piece of scrap lumber to meet your needs. The only tools needed to construct the balances are a crosscut or backsaw to cut the wood into blocks and a coping saw to cut the notch for insertion of the blade. If you have access to power tools, use a table scroll saw to cut the notches. The notches should be just wide enough for the hacksaw blade to be slid in. If the notches are too wide, select a thinner blade for the coping or scroll saw.
Cut the blocks, one for each balance, about 10 centimeters long. Cut a 2 centimeter deep notch in one end of each block. Slip one end of the hacksaw blade into the notch to check the fit. It should be snug. Remove the blade and apply a small amount of glue to both sides of the end and slip the blade back in place. Make sure the blade is slightly above and parallel to the bottom flat side of the block. Set the balance aside to dry.

Use tape to attach a film canister to the opposite end of each balance. Squirt hot glue into the bottom of the canister and drop in a large metal washer. Repeat two more times. The reason for doing this is to provide extra mass to the canister end of the inertial balance. Students will be counting how long it takes the device to oscillate from side to side 25 times. A very light canister will swing faster than the students can count. Extra mass will slow the device so that counting is possible. 

Construction of Inertia rods:

[image: image12.emf]
Materials:

· PVC 3/4 in. water tube

· (about 1.5 to 2 m long)

· 4 iron pipe nipples (4-6 in. Iong

· sized to fit inside PVC pipe)

· 4 PVC caps to fit water pipe

· Silicone rubber sealant

· Scale or beam balance

· Saw

· Very fine sandpaper

· 1/2 in. dowel rod

A. Cut the PVC tube in half. Smooth out the ends, and check to see that the caps fit the ends.

[image: image13.emf]B. Squeeze a generous amount of silicone rubber sealant into the end of one of the tubes. Slide the pipe into the tube. Using the dowel rod, push the pipe to the middle of the tube. Add sealant to the other end of the tube and insert the second pipe. Position both pipes so they are touching each other and straddling the center of the tube. Set the tube aside to dry. 

C. Squeeze sealant into the ends of the second tube. Push the remaining pipes into the ends of the tubes until the ends of the pipes are flush with the tube ends. Be sure there is enough compound to cement the pipes in place. Set the tube aside to dry.

D. When the sealant of both tubes is dry, check to see that the pipes are firmly cemented in place. If not, add additional sealant to complete the cementing. Weigh both rods. If one rod is lighter than the other, add small amounts of sealant to both ends of the lighter rod. Reweigh. Add more sealant if necessary.

E. Spread some sealant on the inside of the PVC caps. Slide them onto the ends of the tubes to cement them in place.

F. Use fine sandpaper to clean the rods.

Measuring Mass with Inertia

Student Guide
Calibrating the Inertial Balance:

1. Clamp the inertial balance to the table so the spring (saw blade) and sample bucket extends over the edge of the table.

2. Pick one member of your team to be the timekeeper, another to record data, and another to count cycles. Refer to the box to the right for details on how to perform each task.

3. Begin calibration by inserting a wad of tissue paper in the bucket and deflecting the spring.

Release the bucket and start counting cycles.

When the time for 25 cycles is completed, enter the number in the data chart and plot the point on the graph for zero pennies. To improve accuracy, repeat the measurements several times and average the results.

4. Insert 1 penny into the bucket next to the tissue paper wad and measure the time it takes for 25 cycles. Record the data as 1 penny.

5. Repeat the procedure for 2 through 10 pennies and record the data. 6. Draw a line that goes through or close to all points on the graph. Your inertial balance is calibrated.

Using the Inertial Balance:

1. Place an unknown object in the inertial balance bucket. Remember to use the same tissue paper for stuffing. Measure the time for 25 cycles. And record your answer.

2. Starting on the left side of the graph, find the number of seconds you measured in step 1. Slide straight over to the right until you reach the graph line you drew in the previous activity. From this intersection point, go straight down to the penny line. This will tell you the mass of the unknown object in penny weights.


[image: image4.emf]
[image: image5.emf]
1. Will this technique for measuring mass work in microgravity? Explain your answer.
2. Why was it necessary to use tissue paper for stuffing?

3. How could you convert the penny weight measurements into grams?

4. Would the length of the hacksaw blade make a difference in the results?

5. What are some of the possible sources of error in measuring the cycles?

6. What does a straight line in the calibration graph imply?

[image: image6.emf]
The microgravity environment of an orbiting Space Shuttle or space station presents many research problems for scientists. One of these problems is measurement of mass. On Earth, mass measurement is simple. Samples, such as a crystal, or subjects, such as a laboratory animal, are measured on a scale or beam balance. In a scale, springs are compressed by the object being measured. The amount of compression tells what the object’s weight is. (On Earth, weight is related to mass. Heavier objects have greater mass.) Beam balances, like a seesaw, measure an unknown mass by comparison to known masses. With both these devices, the force produced by

Earth’s gravitational attraction enables them to function.

In microgravity, scales and beam balances don’t work. Setting a sample on the pan of a scale will not cause the scale springs to compress. Placing a subject on one side of a beam balance will not affect the other side. This causes problems for researchers. For example, a life science study on the nutrition of astronauts in orbit may require daily monitoring of an astronaut’s mass. In materials science research, it may be necessary to determine how the mass of a growing crystal changes daily. How can mass be measured without gravity’s effects?

Mass can be measured in microgravity by employing inertia. Inertia is the property of matter that causes it to resist acceleration. If you have ever tried to push anything that is heavy, you know about inertia. Imagine trying to push a truck. You will quickly realize that the amount of inertia or resistance to acceleration an object has is directly proportional to the object’s mass. The more mass, the more inertia. By directly measuring an object’s inertia in microgravity, you are indirectly measuring its mass.

The device employed to measure inertia and, thereby, mass is the inertial balance. It is a spring device that vibrates the subject or sample being measured. The object to be measured is placed in the sample tray or seat and anchored. The frequency of the vibration will vary with the mass of the object and the stiffness of the spring (in this activity, the hacksaw blade). An object with greater mass will vibrate more slowly than an object with less mass. The time needed to complete a given number of cycles is measured, and the mass of the object is calculated.


Payload Commander Dr. Rhea Seddon is shown using the Body Mass Measurement Device during the Spacelab Life Sciences 2 mission. The device uses the property of inertia to determine mass.
Standard 8-4: The student will demonstrate an understanding of the characteristics, structure, and predictable motions of celestial bodies. (Earth Science)





Indicator 8-4.8:  Explain the difference between mass and weight by using the concept of gravitational force.





Other indicators addressed:  


Indicator 8-1.2:  Recognize the importance of a systematic process for safely and accurately conducting investigations.





Indicator 8-1.7:  Use appropriate safety procedures when conducting investigations.





Indicator 8-1.3:  Construct explanations and conclusions from interpretations of data obtained during a controlled scientific investigation.





Counter: Pull the sample bucket a few centimeters to one side and release it. At the moment of release, say “Now” and begin counting cycles. A cycle is completed when the sample bucket starts on one side, swings across to the other and then returns to its starting point. When 25 cycles are complete, say “Stop.”


Timer: Time the number of cycles being counted to the nearest tenth of a second. Start timing when the counter says “Now” and stop when the counter says “Stop.”


Recorder: Record the time for 25 cycles as provided to you by the timer. There will be 11 measurements. Plot the measurements on the graph and draw a line connecting the points.
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