Buoyancy and Density

Measure the length (in centimeters) of a hexagonal side and a non-hexagonal side of a hexagon-shaped object. 

	Length of hexagonal side (cm)
	

	Length of non-hexagonal side (cm)
	


The figures below show how a pan balance works.  (Note that it is an application of the law of the lever.)
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	1. Note the pan balance should be balanced before starting.


	2. Moving the slider has the effect of adding weight to the right-hand-side.
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	3. Add the item of unknown mass to the left-hand-side.


	4. Add known mass(es) to the right-hand-side and use the slider(s) until the scale balances again.  Add the mass placed on the right-hand-side to the slider mass to obtain the desired mass.  




Use a pan-balance scale to obtain the mass (in grams) of one of the hexagon-shaped object (with two hooks).  

	Mass of hexagon-shaped object (grams)
	


Have a larger beaker on an angle (as shown below) and place a smaller beaker under its spout.  Fill the larger beaker with water until it begins to spill over into the smaller beaker.  Pour out any water that spills into the smaller beaker.
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Weigh the hexagon-shaped object using the spring balance as shown on the left below and record the value in the table below.
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	Weight of the hexagon-shaped object “in air” (N)
	


With the hexagon-shaped object still on the spring balance, lower it into the water so that as much of it as possible is under water without it lying on the bottom of the beaker as shown on the right above. Record the “weight in water” in the table below. 

	Weight of the hexagon-shaped object “in water” (N)
	


The difference between weighing the object in air and weighing it in water is that in water, the object is buoyed up by the water.  In other words, there is an additional force, the buoyant force.  (Strictly speaking there is a buoyant force in air as well, but it is much smaller.) 

Next pour the water from the beaker into a graduated cylinder so that we can measure the amount of water displaced by the hexagon-shaped object (presumably equal to the volume of the hexagon-shaped object itself). 

	Volume of water displaced (ml)
	


One important feature of scientific theories and scientific experiments is that they should be self-consistent. In the context of this experiment, self consistency will arise in that we can determine the density of the hexagon-shaped object in a few ways and those different values should agree (within the accuracy of the experiment). 

Density calculation version 1. 

Look up a formula for the area of a (regular) hexagon.  Use your measured hexagonal side length to determine the area.  Then multiply that area by the non-hexagonal side length to determine the hexagon-shaped object’s volume (sans hooks). 

	Source for area formula
	


	Hexagonal area (cm2)
	

	Hexagon-shaped object volume (sans hook) (cm3)
	


Next divide the mass of hexagon-shaped oject by the volume calculated above. 

	Hexagon-shaped object density (g/cm3)
	


Do you have any reason to believe that the denisty determined above is an over-estimation or under-estimation of the actual density? 

Density calculation version 2.
This time use the volume determined from the amount of water displaced by the object to calcualte the object’s density. 

	Hexagon-shaped object density (g/cm3)
	


Density calculation version 3.
The weight “in air” is the mass of the object multiplied by g (the acceleration due to gravity).  The mass of the object is its density multiplied by its volume. 

Win air = (obj ( V obj ( g

The difference between the “weight in air” and the “weight in water” is the buoyant force. According to Archimedes, the buoyant force is the weight of the water displaced.  The weight of the water displaced is the volume of the object multiplied by the density of water multiplied by g. 

Win air - Win water  = (water ( V obj ( g

Dividing the two equations above yields

	Win air
	=
	(obj ( V obj ( g
	=
	(obj

	Win air - Win water
	
	(water ( V obj ( g
	
	(water


which can be rewritten as

	(obj
	=
	Win air
	(water

	
	
	Win air - Win water
	


Use this formula to calculate the density of the object recalling that the density of water is 1 g/cm3. 

	Hexagon-shaped object density (g/cm3)
	


Below are some items to work into your report. 

1. A bit on Archimedes 

2. A statement of the principle of buoyancy

3. A comparison of the three experimental densities

4. A value for the density of stainless steel that you looked up (cite your source)

5. What is “hydrostatic weighing” and what does it have to do with this experiment?
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