Teacher’s Guide – Mass vs. Weight

Mass vs. Weight
INTRODUCTION

We’ve all heard the terms mass and weight before.  When we step on a scale, buy vegetables at the grocery store, or hear about how much a truck can tow, we are dealing with weights.  But what is exactly is mass?  Some of the most fundamental equations in all of science have to do with mass.  For example, Newton’s Second Law and Einstein’s Theory of Relativity both deal with mass, not weight.
Newton’s Second Law:

Force = Mass x Acceleration

Einstein’s Energy-Mass Equivalence Relationship:

Energy = Mass x (Speed of Light)2
This lab will investigate mass and weight.  We will explore the concept of mass and weight, along with other related issues.

BACKGROUND INFORMATION
Inertia is the tendency of an object at rest to remain at rest or, if moving to continue moving at a constant velocity.  Inertia is the resistance an object has to a change in its state of motion.  The principle of inertia is one of the fundamental principles of classical physics which are used to describe the motion of matter and how it is affected by applied forces.
We will be setting up a measuring tool known as an inertial balance.  These devices can be calibrated to measure mass based on how quickly they swing from side to side.  An actual inertial balance is shown in the figure below.
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Using a flimsy ruler and the other supplies in the material list, the students will make a homemade inertial balance.  Once built, the device will help the students develop concepts about mass and weight.

EXPLORATION

Materials:

Each of the following is required per group:

· (1) 12” plastic ruler (flimsy)
· (1) 12” plastic ruler (regular)

· (1) 12” piece of masking tape
· (1) stopwatch
· (5) washers
Procedures:

1. You (the teams) need to find an area where you perform the lab.  The end of a desk will work well.
2. You will be setting up lab stations similar the picture shown here.  One of your teammates will hold the ruler upright.  The edge of the desk should be 5 cm from the end of the ruler.  Note that the ruler is on edge, not laying flat.  


   

Data Collection:

Perform the exploration.
1. You will be attaching various numbers of washers to the end of the ruler.  Once the washer(s) are taped to the end of the ruler, you will pull the ruler back 10 cm from its resting place.  Be careful not to exceed 10 cm so the ruler doesn’t break.  See the following picture.




2. Once the station is set up as the picture above indicates, the ruler will be released.  One member of the team will start the stopwatch upon the release of the ruler.  You will record how much time it takes for the ruler to perform 6 oscillations (trips from the release point and back).  Do this for 1, 2, 3, 4, and 5 washers.  Record your data on the form provided below.
	Washers
	Time (s)

	1
	2.16

	2
	3.51

	3
	3.71

	4
	4.29

	5
	4.87


CONCEPT DEVELOPMENT

1. What do we notice about the relationship?  As more washers are added, it takes more time for the oscillations to occur.
2. Mass is defined as the amount of matter in an object.  Since all of the washers are the same, the 5-washer setup has 5 times more mass than the 1-washer setup.  So what effect does adding mass to the setup have on the swing time?  As the amount of mass added goes up, so does the time required for each oscillation.
3. What direction does gravity act?  Vertically.
4. What direction does the setup swing?  Horizontally.
5. Based on the answers to questions 4 and 5, what effect does gravity have on our results?  No effect.  Gravity does not affect the setup because it is acting perpendicular to the swinging.
6. The setup in this lab is very similar to an actual scientific device known as an inertial balance.  Once calibrated, these devices can be used to determine mass.  Astronauts use inertial balances to determine mass in space.  What effect does near zero gravity have on the results?  No effect.  Inertial balances give the same results everywhere.
7. Define mass and then explain the results of this lab.  Mass is a measure of the amount of matter in an object.  As more mass is added to an inertial balance, the time needed for each oscillation will increase.
Now we have a good grip on mass.  Let’s look at something mass is often confused with, weight.  
Weight (a force) is defined as the product of mass and free-fall acceleration.
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The free-fall acceleration at the surface of the Earth is 9.8 m/s2.

From Holt, Physical Science, p. 355:


“Mass and weight are easy to confuse.  Although mass and weight are directly proportional to one another, they are not the same.  Mass is a measure of the amount of matter in an object.  Weight is the gravitational force an object experiences because of its mass.”

CONCEPT APPLICATION
1. Two objects are the same exact size and shape.  One feels much heavier than the other one.  Using terms developed today (namely matter, mass, weight), describe why one feels heavier than the other one.  The one that feels heavier has more matter inside it (i.e., more mass).  Since weight is equal to the product of mass and free fall acceleration, the object with more mass feels heavier.
2. Knowing the SI unit of mass is the kg, find the SI unit of weight.  Show your work.
The SI units of distance and time are meters and seconds, respectively.  Acceleration is a measure of the rate at which the speed of an object is changing (Distance / Time2). 
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The name given to this combination of units is the Newton, N.
Note: 1 lb = 4.45 N.
3. A block has a mass of 2.3 kg.  Find the weight of the block on Earth (g = 9.8 m/s2), Venus (g = 8.9 m/s2), Mars (g = 3.7 m/s2), Neptune (g = 11.0 m/s2), and the moon (g = 1.6 m/s2).  Show your work.
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e.g., on Mars: Weight = 2.3 kg x 3.7 m/s2 = 8.51 N.

	
	g (m/s2)
	Weight (N)

	Earth
	9.8
	22.54

	Venus
	8.9
	20.47

	Mars
	3.7
	8.51

	Neptune
	11.0
	25.3

	Moon
	1.6
	3.68


4. Dumbbell A weighs 40 N on Earth.  Dumbbell B weighs 20 N on the moon.  Find the mass of each dumbbell.  Determine how much Dumbbell A weighs on the moon and how much Dumbbell B weighs on Earth.  Show your work.
(Dumbbell A)
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(Dumbbell B)
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ENGINEERING APPLICATION

A thorough understanding of mass and weight is mandatory in nearly all branches of sciences and engineering.  In mechanical engineering, systems that move are analyzed and designed.  These systems include boats, motor vehicles, machinery, and aircraft.  Without knowledge of mass and weight principles, design of these systems would be impossible.  In civil engineering, one of the most important load cases considered in design is termed dead load.  Dead load is defined as the summation of all of the components of a system that don’t move (e.g., building materials, office furniture).  When designing structural components, a civil engineer must understand the interaction between the weight of a component and the strength of material the component is made of.

AUTHENTIC ASSESSMENT

Your group is given the task of designing a hollow metal box (including a top) with the following dimensions:




The box is to be made of steel (density = 7.8 g/cm3).  If steel costs $0.45 per pound, how much would it cost if the box walls are ¼ inch thick?

Useful information:
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g = 9.8 m/s2
1 inch = 2.54 cm
1 pound = 4.45 Newton
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The wall thickness is given to be ¼ inch.  Therefore, the open space in the box has dimensions equal to the outer dimensions minus two times the wall thickness (there is a ¼ inch wall on both sides of the open space).
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Thus, the dimensions of the open space inside the box are:
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The volume of steel used is equal to the outer volume minus the inner volume.
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Now find the mass, weight, and cost of the steel.
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The box will cost about $76.
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