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Notes: Buoyancy (4.10/4.11)
- when something is put into a fluid (liquid or gas), the fluid is pushed aside (displaced) to make room
- the volume of fluid pushed aside is equal to the immersed volume of the object

- eg. If a 10 cm3 object is immersed in water, then 10 cm3 of water is pushed aside (displaced)

- eg. If half of a 10 cm3 object is immersed in water (so 5 cm3 is under water), then 5 cm3 of water is pushed aside (displaced)

- the displaced fluid pushes back in all directions on the object

- the upward force that a fluid exerts on an object is called buoyancy
- Archimedes’ principle: an object immersed in a fluid will have an upwards buoyant force on it equal to the weight of the displaced fluid

- in other words, the more fluid that is displaced by an object, the greater the buoyant force
Forces Acting on Objects in a Fluid
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- another force that acts on an object in a fluid is the force of gravity (its weight), which is a downward force

- if the buoyant force is greater than the object’s weight (i.e. the weight of fluid being displaced by the object is greater that the weight of the object), then the object will rise until it floats

- means that the object is less dense than the fluid

- the object will float at a level so that the buoyant force is equal to the object’s weight (enough of the object will be submerged so that it pushes a mass of fluid equal to the object’s mass)
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- this explains why objects with different densities will float higher or lower in water: ice cubes (D = 0.92 g/cm3) are 92% submerged while birch wood (D = 0.66 g/cm3) is 66% submerged
- if the buoyant force is less than the object’s weight (i.e. the weight of the object is greater than the weight of fluid that is being displaced), then the object will sink 
- means that the object is more dense than the fluid
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- ball A has positive buoyancy and will rise since buoyant force > weight 

- ball B has neutral buoyancy and will remain level since buoyant force = weight 

- ball C has negative buoyancy and will sink since buoyant force < weight 
Boats and Submarines
- you can make a dense object float by changing its shape so that it has more overall volume and thus less density
- eg. A solid ball of aluminum foil (D = 2.7 g/cm3) will not float on water but if you mold it into a hollow shape, so that its overall volume has increased and therefore overall density (including the air held inside it) has decreased to less than 1.00 g/cm3, it will be able to float
- even though steel is much denser than water (8 times as dense), steel boats are still able to float

- ship engineers design the hull (body) of a ship to contain a large volume of air so that the boat’s overall density, including the hollow hull, is less than the density of water (so it floats!)
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- a submarine is able to control its overall density by taking on or pumping out water (called a ballast)


- it descends if its ballast tanks are filled with water (overall density greater than seawater)

- it ascends if its ballast tanks are emptied and replaced with air (overall density less than seawater)

- it remains neutrally buoyant if its ballast tanks are filled with just the right amount of water and air (overall density the same as for seawater)
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Temperature and Buoyancy
- as you increase the temperature of a fluid, it becomes less dense
- this means that an immersed object would displace less fluid than it would in the same fluid at a lower temperature

- therefore, buoyant force decreases with an increase in temperature, i.e. objects aren’t as buoyant in warmer fluids as they are in cooler fluids 
