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1. Buoyant force is the force exerted on an object [a] by the fluid in which it is submerged. [b] Knowing the density of both the object and the fluid you can determine if an object [c] will sink or [d] float in the fluid. [e]
1.1. See Storyboard

2. Start by considering an object completely submerged in a liquid. [a] The buoyant force is an upward force equivalent to [b] the density of the fluid times the volume of the object times the acceleration due to gravity. [c] This is also the weight of the displaced fluid. [d]
2.1. See Storyboard

3. This is known as Archimedes’ Principle [a] - the buoyant force on an object is equivalent [b] to the weight of the fluid displaced by the object.[c]
3.1. See Storyboard

4. The other force acting on the object [a] is the downward force due to gravity.  [b] The force due to gravity is the weight of the object. [c] It is equal to the density of the object times its volume times the acceleration due to gravity. [d]
4.1. See Storyboard

5. [bookmark: _GoBack]Looking at the equations for these [a] two forces acting on the submerged object, [b] you can determine the net force [c].
5.1. See Storyboard

6. If the density of the fluid is equal to the density of the object, [a] there will be a net force of zero and the object will be neutrally buoyant. [b]
6.1. See Storyboard

7. However, [a] if the density of the fluid is less than the density of the object, [b] there will be a net force downward [c] and the object will sink to the bottom of the fluid. [d] Conversely, if the density of the fluid is greater than the density of the object [e]there will be a net force upward and the object will float to the top of the fluid.[f]
7.1. See Storyboard

8. The average density of the object can be changed [a] by changing its volume. [b] For example, a very dense material, such as aluminum, [c] can be formed into a shape that contains air pockets, like a boat, [d] to greatly reduce its density and cause it to float. [e]
8.1. See Storyboard

9. The earth is covered with many different fluids, so buoyant force is an ever-present phenomenon. [a]
9.1.1. See storyboard

10. Submarines control their buoyancy and thus their height in the water by filling chambers with water or air. [a] By controlling the average density, the submarine floats or sinks controllably. [b]
10.1.1. See storyboard

11. When the air in a hot-air balloon [a] is heated, [b] the density is lower than the density of the surrounding air and the balloon floats. [c] To cause the balloon to sink back to Earth, [d] the air is allowed to cool.[e] 
11.1.1. See storyboard

12. In this lab you will first quantitatively consider the effect of density of fluids [a] and objects on buoyancy and then [b] qualitatively measure the buoyant force on an object that sinks in a fluid. [c]
12.1. Reuse shot 3.5.2
12.2. Reuse shot 4.3.2
12.3. Reuse shot 6.8.1
13. 

Learning Objectives:
What is the buoyant force on an object submerged in a fluid?
What is the buoyant force on an object submerged in a fluid equal to?
What forces act upon an object submerged in a fluid causing it to float or sink?
How is density used to determine whether an object will sink or float? 
How can a dense material be made to float in a less dense fluid?

Take-Homes:
What is the buoyant force on an object submerged in a fluid?
The buoyant force on an object submerged in a fluid is the upward force of the fluid on the object.

What is the buoyant force on an object submerged in a fluid equal to?
The buoyant force on an object submerged in a fluid is equal to the density of the fluid times the volume of the object and the acceleration due to gravity, . This is equivalent to the weight of the fluid displaced by the object.

What forces act upon an object submerged in a fluid causing it to float or sink?
The net force acting on an object submerged in a fluid is equal to the upward buoyant force from the fluid and the downward force due to gravity acting on the object.
 
If the downward force due to gravity is greater, the object will sink. If the upward force due to buoancy is greater, the object will float.

How is density used to determine whether an object will sink or float? 
The average density of an object and the liquid it is submerged in determines the net force on the object.

If the average density of the object is greater, the object will sink. If the average density of the liquid is greater, the object will float.

How can a dense material be made to float in a less dense fluid?
The average density of an object can be changed by changing its volume. 

For example, dense steel can be shaped into a boat that floats on less dense water.



