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Properties of Fluids; Pressure, Volume, and Temperature of Gases
OBJECTIVES:

13. Explain Archimedes’s Principle and predict whether an object will sink or float in water.

14. Explain Pascal’s Principle and apply it to the use of hydraulic lifts.

15. Calculate pressure when given an area over which a force is exerted.

16. Explain Bernoulli’s Principle and apply it to airplane wings.

17. Explain and use Boyle’s Law.
18. Explain and use Charles’s Law.
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Buoyancy and Archimede’s Principle

Buoyancy is the ability of a fluid (liquid or gas) to exert an upward force on an object immersed in it.  Archimede’s principle states that if the buoyant force is equal to the object’s weight, the object will float.  If the buoyant force is less than the object’s weight, the object will sink.  


If the buoyant force of the fluid is equal to the weight of the object, the object floats. If the buoyant force of the fluid is less than the weight of the object, the object sinks.
Density is mass/volume.  If an object’s density is less than the density of the fluid it is placed in, the object will float.  If the object’s density is more than the density of the fluid, the object will sink.
Pressure and Pascal’s Principle

Pressure is the amount of force exerted per unit of area, or P = F/A.  It is measured in units called pascals (Pa), the SI unit of pressure.  At sea level, the atmospheric pressure is 101.3 kPa.  

When a gas is confined to a container, the particles collide with the walls of the container.  These collisions cause the wall of the container to be pushed outwards.  If you add more air particles, there will be more collisions occurring and more push on the container itself.  Pressure is caused by these collisions.  If the container doesn’t expand much (increase in volume) the pressure inside will increase.
The space all around you is full of air, which exerts a pressure on you and on everything on Earth.  Pascal’s principle states that pressure applied to a fluid is transmitted throughout the fluid.  
· P1 = P2
· F1/A1 = F2/A2
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The pressure remains the same throughout the fluid in a hydraulic lift.
Velocity and Bernoulli’s Principle

Bernoulli’s principle states that as the velocity of a fluid increases, the pressure exerted by the fluid decreases. 
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This is a side view of an airplane wing. The air above the wing travels faster over the wing than under it. This creates a low-pressure area above the wing.
One unit used to measure pressure is an atm, the standard atmosphere, which is the force per unit area that the gases in the atmosphere exert on the surface of the Earth and it is defined as the pressure that supports a 760mm column of mercury. 
· 1 atm = 760 mm Hg (aka torr)
The SI unit for measuring pressure is the pascal (Pa).

· 1 atm = 101.3 kPa

The main unit to measure pressure in the US is pound per square inch, psi.

· 1 atm = 14.7 psi 
Boyle’s Law – Pressure and Volume
“The pressure and volume of a gas at constant temperature are inversely proportional.”  If you decrease the volume of a container of gas, the pressure of the gas will increase, provided the temperature does not change.  This means if you compress a gas by half, the pressure doubles (1L to 0.5L, 100 kPa to 200 kPa).  If you compress it by half again, the pressure again doubles (0.5L to 0.25L, 200kPa to 400kPa).  Basically, when you do something to one variable, the opposite is done to the other.

· V1P1 = V2P2
In Boyle’s Law, the temperature does not change, only the pressure and volume do.  The units don’t matter, as long as both volumes are the same and both pressures are the same.

Example Problem 

A balloon has a volume of 10.0 L at a pressure of 101 kPa. What will be the new volume when the pressure drops to 43 kPa? 

Charles’ Law – Temperature and Volume

“At constant pressure, the volume of a gas is directly proportional to its Kelvin temperature.”   Remember that K = 273 + oC.  The volume of a gas increases with increasing temperature, provided the pressure does not change.  This means if you double the Kelvin temperature of a gas, the volume would double, and if the temperature is halved, the volume is halved.  Basically, when you do something to one variable, the exact same thing is done to the other
· V1/T1 = V2/T2
In Charles’ Law, the pressure does not change, only the temperature and volume do.  The units for temperature will always be in Kelvin.  The units for volume don’t matter, as long as both are the same.

Example Problem 

What would be the resulting volume of a 2.0-L balloon at 25.0oC that was placed in a container of ice water at 3.0oC?
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