Teacher’s Guide – Will It Float?


Will it Float?
INTRODUCTION

Observe the video(s) provided by the instructor.  Video clips are from the “Will it Float” segment of “Late Night with David Letterman.”  Here are a couple example links, found using youtube:

http://www.youtube.com/watch?v=WfUSyP3gqAw (bag of taffy – floats!)

http://www.youtube.com/watch?v=8qfBVw5Ilcc (bag of coal – sinks!)

http://www.youtube.com/watch?v=IY7ntkO3WFU&feature=related (glass brick – floats!)
If the guess was successful, how did they know whether or not the object would float or not?  What properties dictate whether or not an object will float, and if it does, how well it will float?
EXPLORATION
Materials:

Each of the following is required per group:

· Triple beam balance

· 100 or 200 mL beaker

· Graduated Cylinder

· Plastic cup

· Tap water (100 mL)
· Isopropyl alcohol (100 mL)
· Vegetable Oil (100 mL)
· Marker

· Ruler
· Clay

Each of the following is required per class:

· 1-2 L reservoir tap water

· 1-2 L reservoir alcohol

· 1-2 L reservoir vegetable oil
The reservoirs should be wide enough to allow easy access to the plastic cups so that the students can easily mark the sides.  A plastic storage container would be acceptable.  
Procedure:
1. Using the triple beam balance, weigh the empty beaker and record the mass in the table below.  If the students have not used the triple beam balance before, be sure to show them how to operate, adjust the zero point, and properly read the mass.  
2. Using the graduated cylinder, measure 100 mL of tap water and add it to the beaker.  Weigh the full beaker, and record the mass in the table below.  If the students are not familiar with measuring liquids, a discussion about the meniscus phenomenon should preface this step.  
3. Empty the water from the beaker, measure 100 mL of isopropyl alcohol, and add it to the beaker.  Weigh the beaker and record the mass in the table below. Empty the alcohol from the beaker, and rinse the beaker using tap water.  Both the alcohol and oil can be reused, provided they are still relatively clean.  
4. Measure 100 mL of vegetable oil, and add it to the beaker.  Weigh the beaker and record the mass in the table below.  Empty the oil from the beaker, and clean the beaker using tap water and soap.  

	Empty beaker mass (g)
	

	Beaker + water mass (g)
	

	Beaker + alcohol mass (g)
	

	Beaker + oil mass (g)
	


5. Take one plastic cup and put some clay in the bottom, enough to keep the cup upright and floating.  Place the cup in the provided water reservoir and mark the water level on the side of the cup with a marker or pen.  Label the water level “A.”  The cup should float the highest in the water reservoir.  
6. Take the plastic cup with the same amount of clay and place it in the provided alcohol reservoir.  Mark the liquid level with a pen or marker and label the level “B.”

7. Take the plastic cup with the same amount of clay and place it in the provided oil reservoir.  Mark the liquid level with a pen or marker and label the level “C.”  The cup should float the lowest in the alcohol reservoir.
CONCEPT DEVELOPMENT
1. Calculate the mass of the liquids contained in the beaker by subtracting the mass of the beaker from the combined mass for each liquid.  Record the values in the table below.

	Mass of water (g)
	~100

	Mass of alcohol (g)
	~75

	Mass of oil (g)
	~85


2. Why are the masses of each liquid different?

Each liquid has a different density, or how closely the molecules are packed.
3. Measure the distance in millimeters from the bottom of the paper cup to each of the liquid levels marked earlier.  Record these distances in the following table.
	Water - liquid level “A” (mm)
	Lowest

	Alcohol - liquid level “B” (mm)
	Highest

	Oil - liquid level “C” (mm)
	


4. Comparing the liquid levels to the mass values in the previous table, is there a relationship between the two?
The cup floats higher in the more dense liquids, and sinks more in the less dense liquids.  

5. How does density of a fluid affect the buoyancy (ability to float) of a given object?

A higher density liquid will allow objects to float better, while less dense liquids will cause objects to sink more.  
6. How can you predict whether or not an object will float in a given liquid?  

If the object is less dense than the liquid it is in, it will float.  If it is more dense, it will sink.  If it is the same density, it will float, but not at the liquid surface.  
CONCEPT APPLICATION
Density (D) is calculated by dividing the mass (m) of a substance by its volume (V):
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1. Calculate the density of each of the liquids above:

	Density of water (g/mL)
	~1.0

	Density of alcohol (g/mL)
	~0.75

	Density of oil (g/mL)
	~0.85


2. Which liquid is the most dense?  Least dense?
Water is the most dense, alcohol is the least dense.
3. A rock has a density of 2.5 g/cm3.  If the mass of the rock is 30 grams, what is the liquid’s volume?

V = m/D = 30/2.5 = 12 mL
4. A gas has a density of 0.2 g/cm3.  If the gas has a volume of 150 cubic centimeters, what is it’s mass?

M = D * V = 0.2 * 150 = 30 g
5. A container of liquid has a mass of 130 grams, with a liquid volume of 75 mL.  If the container weighs 30 grams, what is the density of the liquid?

D = m/V = (130-30)/75 = 1.33 g/cm3
6. A copper penny floats on the top of an unknown liquid.  Which is more dense?  

The liquid is more dense because the penny floats on top of it.  
7. A helium balloon floats when inflated.  The balloon and the helium has a specified mass, but why does it still float?

Helium is less dense than air, so the balloon floats.  
AUTHENTIC ASSESSMENT
Materials
The following materials will be needed per person

· 1 drinking straw

· Clay

· Masking tape

· Pen or marker

The following materials will be needed for each class

· 3-4 liquids of known density

· 1 liquid of unknown density

The simplest set of liquids to use is a variety of salt waters; adding 100 g of salt to one liter of water will increase the density by 0.1 g/mL.  A range of 1.0 to 1.3 can be easily produced, but they must be stirred frequently to keep the salt in solution.  

A hydrometer is a device that measures density of liquids.  It uses the principle of buoyancy (or the ability to float) to properly measure density without having to measure the liquid’s volume or mass.  You will create a simple hydrometer using a drinking straw, clay, and masking tape.  You will be provided with 3+ liquids to create a density scale on the side of your hydrometer.  Once your hydrometer is built and tested, you will be provided with a liquid of unknown density.  You will use your hydrometer to determine the density, and report the value below.  You will be graded on the accuracy of your measurements.  

The hydrometers can only handle a narrow range of density values depending on the size of the straw and amount of clay used as ballast.  If the hydrometer sinks in even the most dense liquids, the amount of clay used should be reduced until the hydrometer begins to float.  If the hydrometer does not stay upright in the liquid, additional clay should be added until the hydrometer remains upright in the most dense liquid.  



Predicted density:_______________

How does your hydrometer use buoyancy to predict the density of the unknown liquid?

The hydrometer sinks more in less dense liquids, and floats better in more dense liquids.  

Clay








Drinking Straw
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