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Objective

To explore the concept of Buoyancy.

Introduction

The principle of buoyancy involves the density of the floating object and the density of the supporting liquid.  Density is mass per volume of a substance.  On earth, a given mass exerts a corresponding force called weight, so we often speak of specific weight rather than density.  Specific weight is the weight per unit volume of a substance.  For the specific weight of water is 62.4 pounds per cubic foot.  We can calculate specific weight by weighing a measured volume of the substance.  Remember Archimedes running down the street wet and naked (necked) hollering “eureka”?  If the specific weight of an object is greater than the specific weight of the supporting liquid, the object sinks.  Conversely, if the specific weight of the object is less than the specific weight of the liquid, the object floats.  

So why does a ship float when we know that steel is heavier than water?  The answer is that  the ship is shaped so that its volume is very large compared to its weight so its specific weight is less than water.  If the weight of the ship is divided by its volume, the specific weight will be calculated to be less than 62.4 pounds per cubic foot, so it floats.

Not only can we determine whether or not an object floats, we can determine how much of the object sticks out of the water and how much of the object rides below the water surface.  The depth of the object below the water surface is called its draught (or draft).  You may hear someone ask “how much water does your boat draw?” Meaning how deep does the boat stick under the water.  Another term that is used is displacement.  

Calculating displacement is the way to determine draught.  If an object floats, it will sink into the liquid deep enough to move aside a volume of liquid having the same weight as the object.  For example, if a block of wood is placed in water, and the wood weighs one pound, the wood sinks into the water until one pound of water is moved aside, or displaced.  Since water weighs 62.4 pounds per cubic foot, 1/62.4 cubic feet of water weighs one pound, and 1/62.4 cubic feet of water is displaced.  The block will sink until 1/62.4 cubic feet of wood is under water.

Let’s work an example problem.

Example Problem

A block of wood is 2 ft by 2 ft by 2 ft and it weighs 150 pounds.  How deep will the block sink? (What is its draught?) In water?

We know the block weighs 150 pounds, so 150 pounds of water will be displaced.  150 pounds of water is 150 pounds  divided by 62.4 pounds per cubic foot or 2.4 cubic feet of water.  This means that the block will displace 2.4 cubic feet of water, and 2.4 cubic feet of wood is under water.  Since the block is 2 ft wide and 2 ft long, then its area is 4 square feet.  The shape of the 2.4 feet of water is 4 square feet by the depth of block under water since volume = area times depth.  The depth is then 2.4 cubic feet divided by 4 square feet = 0.6 feet.  So 0.6 feet of the block is under water and 1.4 feet of the block is floating above the water surface.

Exercise

The object of the exercise is to calculate the draught of a floating block, then test the calculation by placing the block in water.

Be sure to write down and maintain proper units and conversions.

Weigh a wood block and record the weight.

Set the block in water and observe its orientation as it floats.

Measure the dimensions of the area (length and width) of the surface that sits on the water.

Calculate the specific weight of the block.  Weight of the block divided by the volume of the block.

Calculate the volume of water displaced.  Weight of the block divided by 62.4 pounds per cubic foot.

Calculate the draught.  Volume displaced divided by the area (from #3 above)

Measure and mark the draught on the block. (No fair using the waterline that you see from #2 above)

Set the block in the water and check to see if the water comes up to the mark you made.  Be careful to set the block in the water so that the part you measured is under the water and not above the water.

Weigh a nail and record its weight.

Calculate how many nails the block could carry without sinking.

Tape that number of nails to the block and set the block back into the water.  Does it float?  If so, add a nail.  Did that sink it?

Some observations  

What happens if the block is placed on its side or on its end in the water?  Will it float in either of these positions?  Got any idea why?

Add nails to the block in different positions.  Can you change the floating orientation so that the block floats on its side or on its end?  Why?

Why does a canoe turn over when you stand up in it?

evaluation

The suggested evaluation for this unit is to monitor student participation in the lab, assess data recorded and determine whether the conclusions drawn were well thought out and on topic.  Any of the former may be used as a stem of a rubric in the student portfolio.
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