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Topics covered in this lab:

· Mass vs. Weight

· How a balance works
· Measuring mass

· Conversions

· More about balancing

· Introduction to Density
Preliminaries: The difference between Mass and Weight.
Mass and weight are often confused; we often think they are the same thing.  This is unfortunate since they are very different. Let’s start with a description of mass.  Mass is the property that an object has that makes it hard speed it up or slow it down. Objects with very little mass, like a tennis ball, are easy to speed up. Just by using your arm, you can very easily throw a tennis ball, which speeds it of from “zero” to “fast” pretty quickly.  Compare that to throwing a bowling ball.  You won’t be able to throw it nearly as fast. It takes a lot more force to speed up a bowling ball in the same time that you threw the tennis ball.  This is because the bowling ball has a lot more mass that the tennis ball. (You will explore how force and mass and “speeding up” are related in a different Lab later this semester).
The tendency of an object’s mass to oppose any change in its motion (i.e. speeding it up or slowing it down) is called inertia. An object has big inertia if its mass is big and small inertia if it’s mass is small. The mass of an object depends only on how much “stuff” the object is made of. In other words, the number of protons and neutrons in all of the atoms that make up the object.  This means that the mass of an object is the same everywhere. If an object has a mass of 10 kg on Earth, it will have a mass of 10 kg on the Moon, and a mass of 10 kg out in deep space.  This is because the number and types of atoms in an object don’t change just because you move it from one place to another place.

So what does all this have to do with weight? Weight has to do with gravity. An objects weight tells us how hard the force of gravity is pulling on it. This depends on the mass of the object, to be sure, but it also depends on other factors such as the distance between the object and the thing it is gravitationally attracted to.  Gravity tried to pull all things with mass together. Isaac Newton figured out that the force of gravity between two objects is proportional to the product of the masses of the two things and the inverse square of the distance between them - in other words, the further apart two things are, the weaker the force of gravity between them is.  Something that has a weight of 100 lbs here on earth would have almost no weight at all in a rocket ship that was far away from the earth and other planets, because the force of gravity would be very small way out there.
Most balances and scales really measure weight, not mass, since they depend on gravity to make a measurement. This is true of the balance scale you are about to built too. The reason we can use these to measure the mass of an object is because the other factors that determine the weight (like the mass of the Earth and the distance from us to the center of the Earth), don’t change as long as we stay on the surface of the Earth. 
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We will discuss this as a class before moving on to Experiment 1.

Experiment 1:  Balancing Act
Materials:

· Ruler-sized peg-board
· String

· Paper clips
· Styrofoam cups

· Objects to measure


The equipment on your desk has been provided for you to assemble your own balance. There are Styrofoam cups, string, paper clips, and a ruler shaped board with holes in it.  After checking to be sure all of these items are present, assemble a balance with your partners. Sketch the balance below and label the parts of the balance. 
Be sure to check it with your TA before you continue! You may want to revise your design after trying it out – by the end of this exercise it will probably be the case that everyone’s balance looks more or less the same.

For the following exercises you will only need one balance per table, however you should take all the material needed to make your very own balance later on.

Experiment with your balance and some of the objects in the box marked “To Measure”. Be sure to record any of your findings below.

Now answer the following questions:

1. Does it make a difference where objects are placed in the cups, or if the objects stick out of the cups?

2. Does it make a difference if you shorten or lengthen the clips from which the cups are hung?

3. Does it make a difference if you switch the objects and put them in opposite cups?

4. Does it make a difference if you use another group’s balance?

Set up your equipment so that it appears to balance, then discuss with your partner what the term balance means.  How should your balance look before loads are placed in the pans?  Try to write a definition for balance.  Later you may choose to modify your definition. 

What similarities do you observe among the objects that balance one another?

Be sure to check these ideas with your TA. 

Now, take two different objects and place them on opposite sides of the balance. Do they balance? If not, how can you use the balance to order or rank them by weight?

Now do the following:

1. Select a third object and use the balance to come up with a ranking for all three objects.

2. Add several more objects to the ranking you came up with above. 

3. Record this ranking in the “Object” column of the chart below. 

	Ranking
	Object
	Number of Paperclips
	Mass in Grams

	Object with the   most mass   (1)
	
	
	

	(2) 
	
	
	

	(3)
	
	
	

	(4)
	
	
	

	(5)
	
	
	

	Object with the    least mass   (6)
	
	
	


Now that you have ranked the objects from most massive to least massive, ask your TA for some paperclips.  Take the objects that you just ranked and balance them one at a time with these clips.  Record the number of paperclips it took to balance each object in the table above.

In the preceding experiment, we found that the number of paperclips that balance with an object tells us something useful about that object.  It tells us the mass according to the unit of how many paperclips it takes to balance it.  If we wanted to report the mass of an object, say a pencil, that needed to be balanced with 2 paperclips, we could say it weighed 2 paperclips.

More often, however, we use more scientific units to report the mass of something.  A common unit is grams.  A pencil that weighs 2 paperclips would also weigh some number of grams.

Let’s find out how much each of your objects weighs in grams. 
To do this, we first need to figure out how much one of the paperclips weighs in grams.  Using the balance provided at the back of the room, carefully weigh one of the paperclips.  Record the mass below in grams. 

Mass of 1 paperclip = __________ grams

Now weigh a pile of 10 of the paperclips.  Record the mass below in grams. Use this number to figure out how much one paperclip weighs.
Mass of 10 paperclips = __________ grams

Mass of 1 paperclip figured out by weighing 10 = __________ grams

Which of the two ways you just tried to figure out the weight on grams of one paperclip do you think is the most accurate?  Explain your reasoning.
Now that you now how many grams a paperclip weighs, you can figure out how much each object weighs in grams.  Try to figure out how to do this, and check with your TA. When you’ve figured it out, fill in the chart on the preceding page.  

Finally, choose one of the objects on your list and weigh it using the scale at the back of the room. Compare the actual weight to the weight you calculated using your paperclips. Write both numbers below and discuss as a class.
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	Weight found using your balance (grams)
	Weight found using lab balance (grams)


Experiment 2: Measuring the Mystery Mass
Materials:

· Balance assembled above

· Lock washers
· Film canister

· Paper clips
· Closed canister of lock washers
We’re going to apply what we learned above about measuring and converting to a new situation. You will be given a film canister containing an unknown number of lock washers. Don’t open it! Using what you just learned, you are going to find out how many lock washers are in the canister without opening it. What a mystery! Are you up to the challenge? You’ll notice that aside from the film canister, you have also been given some loose lock washers and an empty film canister. Try and think of a way to use these items, along with your homemade scale and some hex nuts, to find out how many lock washers are in the canister. There are several steps needed so you should make a plan before starting…you can feel free to ask other groups and your TA for help.
Carefully outline the steps you take, one by one, below.
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Number of lock washers in the film canister: _______________________

The group that gets the closest answer will win a prize.

Experiment 3: More About Balancing

Materials:

· Balance assembled above

· Paper clips

· Hex nuts

The balance you have been using so far has the two cups placed at equal distances from the pivot. What do you think would happen if you hung the cups from holes that were not equally spaced from the pivot? 
Before going further you should take a marker and label the holes at the center of the balance “0”, the ones next to that on either side “1”, the next ones out “2” etc, all the way out to the end. When you are done the balance should look like this:
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You are about to do the following experiment: You will place three hex nuts in each of your cups, which should be hanging from “hole 7” on each side of the balance, and verify that the balance is even. You will then take the cup on the right side and move it over to “hole 6”. Before you do this, predict what will happen in the space below (i.e. will the balance tip to the right or to the left or will it stay even):
Now do the actual experiment and write down your observations below:

If one cup is farther from the pivot than the other one, which cup should have more weight in it if you want the balance to be level? Verify your answer by adding some paper clips to one of the cups until it is level.  How many did you have to add?
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Lets investigate this phenomenon some more.  You are about to do some experiments where you hang different numbers of big hex nuts from different numbered holes to see what the condition for balance is.  Take 6 hex nuts and attach a paper clip to each one so that each one ends up looking like a little Christmas tree ornament (see the sketch to the right):
You will use these “hook-nuts” to investigate balancing when the masses are hung from different numbered holes.  Start by hanging 2 hook-nuts from hole 3 on the left side. Where can you hang a single hook-nut on the right side to balance this?
Now hang 4 hook-nuts from hole 1 on the left side. Where can you hang a single hook-nut on the right side to balance this?

Do you see any pattern? Suppose you hang 4 hook-nuts from hole 2 on the left side. Predict where you should hang 2 hook-nuts on the right side to balance this? 

Try it to make sure it works. Is there more than one way to hang two hook-nuts on the right hand side to balance this? See if you can find them all and write your answers below.

Can you find a general rule for balancing different numbers of hook-nuts?

Discuss as a class.

Experiment 4: Density

Materials:

· Balance assembled above

· Water
· Mystery Liquid

· Small beaker
In this experiment you will investigate the weight of identical volumes of two different liquids.  Hang the cups you used in experiments 1 and 2 back on your balance, using hole 7 on each side.  Make sure that the balance is still level (if its not tell your instructor). 
Using the beaker provided, carefully measure 50 milliliters of water and put it in the left cup, and then carefully measure 50 milliliters of the mystery liquid and put it in the right cup. Observe the balance and write your observations below.

See if you can move one of the cups to a different hole to make the balance more level. Show the instructor your best configuration you can come up with.
Each milliliter (ml) of water has a mass of exactly 1 gram (g). We say it has a density 
of 1 g/ml.  Use this to figure out the mass of the water in the left cup?
See if you can estimate what the mass of the liquid in the right cup is? Remember the rule you came up with at the end of Experiment 3. If you get stuck on this ask for some help. 

Discuss as a class.
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