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Topics covered in this lab:

· Measuring Volume

· Finding Density

· Comparing Densities

· Floating and Sinking
Experiment 1:  Defining Volume
Materials:

· Plastic beakers
· Graduated cylinder
· Measuring cup
· Clay
· Water

The word volume has many different meanings in American society. You may have recently adjusted the “volume” of your stereo or seen a commercial for hair care products that promises to give your hair “volume”. In science, however, the word volume has a different meaning that describes one of the phenomena we’ll study today. 

On your worktable, some plastic beakers and several graduated cylinders have been provided. Notice that the cylinders are marked with numbers that go from zero to one hundred. This measures milliliters of liquid; it is why this type of cylinder is called a “graduated cylinder”. Measure one cup of water into the measuring cup. Pour this into your graduated cylinder. 

How many milliliters are in one cup?

How many milliliters are in a cup and a half? Measure and see if what you predict to be the answer is correct. 

As you should see, a certain number of milliliters (ml) fit into one cup of water. You could also write that:

1 cup = ________ milliliters.

Milliliters and cups are both units that measure the volume. You might be used to measuring volume in cups in order to cook or bake.  Today in lab you will be measuring milliliters in a similar fashion. 

Next, we are going to measure the volume of some solids, just as we did with water above.  In front of you and your group, you will find several lumps of clay—which is, of course, a solid—to use. Before we start though, try to define volume in your own words:  (Remember, you can always change your definition later.)

Now, figure out a way to measure the volume of one of the lumps of clay using the tools you have in front of you: clay, water, cup, beakers, graduated cylinders (you don’t need to use all of these things). Describe how you will do this below. Check it with your TA and then try it out. 

Volume of the lump of clay, in milliliters: _______________ ml
Now that you’ve recorded the volume of the lump of clay, try this: change the shape of the clay. Roll it into a perfect ball, make it into a rod, poke a hole through it, shape it into a face; use your imagination! Just be sure to use the whole lump of clay.

Sketch it below:

Before you measure the volume of this new shape, hypothesize as to whether or not the volume of the clay will change. Will it increase, decrease, or stay the same? Why?
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Volume of the new clay shape: ________________ ml
Did your results match your prediction (above)? Try and explain why or why not. Then, consult your TA about this before reading on.
Because we just did the following experiment, we can sharpen our definition of volume. Take into account whether the volume changed once you reshaped it, and redefine the word volume below. 

Does everything have a definite (constant) volume?  If so, why?  If not, name something that can have its volume changed.  
Experiment 2:  Discovering Density 

Materials:

· Measuring cup
· Graduated cylinder
· Clay
· Water
· Balance

Once we have a working definition of volume, we can start to define the word density. The definition of density combines what you learned in the last lab about mass with the lesson today on volume.

Density depends on how much mass something has AND how much space it takes up.  The most common scientific definition is the number of grams of a substance (mass) in one milliliter (volume).  If something has a density of 10, this means that every milliliter of it weighs 10 grams.  We can write this as 10 grams per milliliter, or even shorter, 
10 g/ml. 

Let’s see if we can put that definition to work for us. How can you find the density of the clay, if, in addition to the materials you have, you use a balance as well? Describe a process below and check it with your TA. Then, try it out!
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Density of the clay, in grams per milliliter:  ______________ g/ml
Questions:

1. Would the density of the clay change if we change the shape of the clay?

2. Would the density of the clay change if we change how much of the clay we use to measure it?  
Check your answers with a TA. Discuss as a class.
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Experiment 3:  Floating and Sinking
Materials:
· Water

· Beakers
· Graduated cylinders

· Balance

· Various materials
Some things float when you put them into water and other things don’t.  Let’s see if we can understand why.

To begin with, let’s see if you can figure out how to measure the density of water.  
(Hint: It’s simpler than measuring the density of clay, which you just did). Write down your method below and show the TA before trying it.
Density of Water: ____________g/ml

You will be given several objects made different materials. Try putting each one into water and see which ones float and which ones sink. Record your observations in the table below:

	Object
	Sink or Float?
	Mass (g)
	Volume (ml)
	Density (g/ml)

	
	
	
	
	

	
	
	
	
	

	
	
	
	
	

	
	
	
	
	

	
	
	
	
	


Now, using the same method you used for the clay, measure the mass and volume of each of the objects that sank, and then figure out the density of each one and record your numbers in the table.
Next, you will do the same thing for the objects that floated.  Before proceeding, though, describe how you plan to measure the volume of an object that floats and show this to the TA.

Measure the mass and volume of each of the objects that floated, and then figure out the density of each one, and record your numbers in the table.
Examine the measured densities and see if you can see any pattern that predicts whether something will float or sink. Record your thoughts and discuss as a class.
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Let’s take this a step further.  Using just the objects that float, for each one measure the volume of these objects that is under the surface of the water when they are floating by themselves (i.e. nothing is pushing them under the surface). Think about how you will make this measurement. Discuss it with the TA when you think you know how to do it. Record your answers in the “Submerged Volume” column of the table below. Also write down the mass of each object. 

	Object
	Submerged
Volume (ml)
	Mass of 
object (g)

	
	
	

	
	
	

	
	
	


Compare the mass of each object (g) to the submerged volume of the object (ml). Do you see any interesting relationship between these numbers? Spend some time discussing this as a class and write any important conclusions below. (Make sure your instructor tells you about Archimedes Principle).
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Experiment 4:  Home-made Waves
Materials:

· Small glass bottle
· Water

· Mineral Oil

· Food coloring

· Piece of hot-glue stick
In the last experiment we did a short investigation involving different objects that float and sink, tying this to density. We found that an object floats in water if its density is less than that of water. In general, we can say that an object will float in a liquid if its density is less that the density of the liquid. Since water has a density of 1 g/ml, any object whose density is less that 1 g/ml will float in water.
So far we have just examined solids floating in liquids, but what do you suppose happens when we have liquids floating on other liquids?  We will examine this question next. Of course, the only way you can combine two liquids and have one float on the other is if they don’t mix. Oil and water don’t mix, so we will examine what happens when we combine these two liquids.

Start by filling your glass bottle half full of water and add a drop of food coloring to it (pick a color you like). Fill your bottle the rest of the way with mineral oil and screw the lid on tight. Describe what you see. (Each student should make their own bottle, although you should work on the questions as a group).
What happens when you turn the bottle sideways or upside down?  Is there any way to get the colored layer to stay on top?

Try to explain the behavior of the liquids in terms of concepts you have already covered in this week’s lab. 
Next, measure the density of mineral oil. Describe below how you will do this. When you are finished, raise your hand and show your answer to the instructor.
Density of Mineral Oil: ____________g/ml
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Does your measured value of the density of the oil make sense in terms of your explanation for the behavior of the liquids?  After writing down your answer, discuss this as a class.
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The instructor will give your group a piece of plastic about the size of a piece of chalk. Fill your graduated cylinder half full of water and drop the plastic into it. Just by seeing how the plastic floats in the water, can you estimate what its density must be?  Explain your reasoning. Discuss as a class.
Your instructor will give each of you a smaller piece of the same plastic material. Drop it into the beaker of mineral oil at the back of the room and see what happens. Is the density of the plastic greater or smaller than the density of mineral oil?
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In the space below, predict what will happen when you drop the plastic piece into your bottle containing mineral oil and water. Then do it and see. Discuss as a class.

Experiment 5:  Clay Capers 

Materials:

· Clay

· Water

· Hex nuts

You’ve been given some clay and a container of water. Remind yourself whether or not the clay is denser than the water by seeing if it floats. Does the clay float or sink? 

Now, your goal is to make the clay float. What? How can we do that when clay is denser than water? Can you figure it out?

Discuss this with your partners and your TA, and then try it. Once you’ve found a way, draw a diagram below.

For fun, see how many hex nuts your clay invention can support before it sinks.  The group with the most will win a prize.
_______________ hex nuts
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