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Objective:
To determine how to predict if a given solid will float or sink in a given liquid.

Theory:  
The density of a substance is a constant and unique property of that substance:



density = 
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The specific density of a substance (sometimes called specific gravity) is also a characteristic of the substance.  It is defined as:



specific density = 
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What is the specific density of water? _______________________

The buoyant force exerted on an object is given by Archimedes principle: The buoyant force on a submerged object is equal to the weight of the fluid displaced by the object.  


Equipment:
Overflow Can


Double Pan Balance


Catch Bucket


Balance Elevation Mount


Wood Cylinder

1000mL Un-graduated Cylinder


Lead cube


De-Ionized Water


Aluminum Cylinder

Electronic Balance


Hooked Masses

Detergent


Thin String


Scissors

PART I: Specific Density of sinking solids

Setup:
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Procedure:


Use the electronic balance to weigh the lead cube.  Make sure the balance reads 00.00 before weighing.  
If it doesn’t then momentarily push the “tare” button, wait a few seconds and it should read zero.  
Remember weight is a measure of force.  The scale gives you a value of grams, weight = mg in 
Newtons.  
Use g = 10 n/kg and record all forces in Newtons.  

Measure the weight of the catch bucket.

In this part of the experiment you will be suspending the samples from the hooks underneath the pans of 
the double pan balance.  Do this using a piece of thread that is long enough to get the mass submerged in 
the bucket and still remain above the table.

Hang the lead weight from the bottom of the balance.

Hold it out of the way and move the overflow can directly below the hook.

Have your lab partner fill the overflow can with deionized water (NOT tap water), add a drop of 
detergent and allow the excess water to run out onto a paper towel.

Carefully lower the lead cube into the water, completely submerge it and catch what spills out through 
the spout with the catch bucket.

Weigh the catch bucket and the water together.

Now suspend the hooked masses from underneath the other pan until the two pans are balanced (they 
have equal masses hanging from them).

Convert the mass of the hanging masses to a weight.  This is equal to the weight of the submerged 
sample.

Finish filling in the data table for lead, then repeat the procedure for the aluminum sample.

Data:


NOTE: weight(Newtons) = mass (grams)/100

	
	All weights and forces in Newtons
	Lead
	Aluminum

	1
	Weight of sample in air
	
	

	2
	Weight of catch bucket
	
	

	3
	     Weight of catch bucket and water
	
	

	3-2=4
	Weight of displaced water
	
	

	5
	Weight of submerged sample (Ws)
	
	

	1-5=6
	Buoyant force (W –Ws)
	
	

	7
	% difference  between 6 and 4
	
	


PART II: Specific Density of Floating Solids (Do Not use data from PART I)

Setup:
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Procedure:


Half fill the overflow can with de-ionized water.

Hang the lead or aluminum weight from the bottom of the wood sample.

Suspend the wooden weight and metal weight from the bottom of one of the pans of the double pan 
balance.  The wooden weight should hang in the upper half of the overflow can and the metal weight 
should hang low enough to be submerged in the water.

Place the overflow can below the pan with the weights hanging inside the can.

Carefully analyze the two vector diagrams above.

The equation for the weight measured by the double pan balance is (as if the hooked masses were 
hanging from the other side, balancing the scales) is written below.  
Wa is the weight measured by the 
balance, Wo for the weight of the object, Ws for the weight of the sinker, and BFs for the buoyant force 
acting on the sinker.  Therefore:

Wa =  Wo + Ws - BFs

Now using a similar procedure to that in PART I measure Wa using the hooked masses.

The equation for the weight measured by the double pan balance (Wb) in terms of the weight of the 
object (Wo), the weight of the sinker (Ws), the buoyant force acting on the sinker (BFs), and the buoyant 
force acting on the wooden object (BFo) is written below.

Wb =  Wo  + Ws  - BFs  - BFo
Fill the overflow can to full with deionized water.

Place the wooden object and metal sinker in the can while still suspended from the can.

Measure Wb.

What force does (Wa – Wb) measure?

Data:


	1
	Weight of object that floats (Wo)
	

	2
	Balance measurement (Wa) sinker submerged
	

	3
	Balance measurement(Wb) both submerged
	

	4=2-3
	Buoyant force on object
	


PART III: Specific Density of Liquids 

Procedure:


Since the buoyant force exerted by a liquid is equal to the weight of the liquid displaced, Archimedes’ 
principle provides an easy method of finding the weights of equal volumes of liquids.

Record the weight of the aluminum sample from PART I.

Fill a large cylinder with salt water.
Measure the weight of the aluminum submerged in salt water.
Fill another large cylinder with ethyl alcohol

Measure the weight of the aluminum cylinder submerged in ethylene glycol.

Record all of these weights on your data table.

Fill in the rest of the data table.

Data:


	1
	Weight of Aluminum (part 1)
	
	

	2
	Weight of Aluminum in water (part 1)
	

	3
	Weight of Aluminum in Salt water
	

	4
	Weight of Aluminum in Ethyl Alcohol
	

	5=1-3
	Buoyant force in Salt water
	

	6=1-4
	Buoyant force in Ethyl Alcohol
	

	
	
	

	
	
	



 Analysis:


There are several different ways in which the specific density of a substance can be defined, all of which 
lead to the same result:

specific density = 
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       weight of equal volume of water

However, the “weight of an equal volume of water” is the weight of the volume of water displaced by 
the object; and is the buoyant force on that object when it is submerged in water.

therefore: specific density = 
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PART I:
Calculate the specific density of the lead solid using (note the sp. dens. is a unitless quantity):

sp.dens. = 1. / 6. on page 3.

Ans. _______________

Calculate the specific density of the aluminum solid:

Using s.d. = 1. /6. using page 3.

Ans. _________________

PART II:

Calculate the specific density of the wooden solid:

Using   s.d. = 1. / 4. using page 4.

Ans. _________________

Given a list of solids and their specific densities, how would you pick out those solids that would float in 
water?

PART III:  

Archimedes’ principle does not depend upon the liquid being water.  Any liquid will produce a buoyant 
force equal to the weight of the liquid displaced.  Therefore:

sp. dens. = 
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Calculate the specific density of the Salt water
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Calculate the specific density of the Ethyl Alcohol


[image: image10.wmf](

)

(

)

__________

.

.

3

.

6

5

.

6

=

=

d

s

page

page


Would the wooden solid of PART II float in

Salt water?




Ethyl Alcohol?
Summary of Results: 
In general, given a list of specific densities, how would you predict whether a particular solid would float in a 
particular liquid?
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