Friday, Feb. 3, 2012

Lots of demonstration materials to unload and time for only a single song from Keb' Mo' ("Better Man")  this afternoon.

The Practice Quiz has been graded.  The average score, 61%, is fairly typical for a practice quiz.

	Semester
	MWF 
class
	T Th
class

	S12
	61%
	???

	S11
	62%
	---

	S10
	62%
	61%

	S09
	60%
	---

	S08
	64%
	66%



The 1S1P Assignment #1 reports were collected today.  It will probably take a while to get all of them read and graded, so please be patient.

The Experiment #1 reports are due next Monday.  Experiment #2 materials should become available Wednesday or Friday next week.




Here's a summary of the Charles' Law material we covered before the Practice Quiz on Wednesday.  

If you change the temperature of a parcel of air in the atmosphere, the volume and density will change in a way that keeps the air pressure inside the parcel constant (equal to the pressure of the surrounding air).
Keeping pressure constant is a special situation involving the ideal gas law called Charles' Law
[image: image1]
	
[image: image2]
	[image: image3]
	[image: image4]



[image: image5]

If you warm a parcel of air, the parcel volume will increase and the density of the air in the parcel will decrease.  Pressure will remain constant.  In the atmosphere air that is warmer than the surrounding air will have lower density than the surrounding air.

Similarly if you cool air, the volume decreases and density increases.  Air that is colder than its surroudings will be denser than the surrounding air.




And finally the last step toward understanding why warm air rises and cold air sinks.  We'll have a look at the forces that act on parcels of air in the atmosphere.  This information is found on p. 53 in the photocopied ClassNotes.
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Basically it comes down to this - there are two forces acting on a parcel* of air in the atmosphere:

First is gravity, it pulls downward.  The strength of the gravity force (the weight of the air in the parcel) depends on the mass of the air inside the parcel.  

Second there is an upward pointing pressure difference force.  This force is caused by the air outside (surrounding) the parcel.  Pressure decreases with increasing altitude.  The pressure of the air at the bottom of a parcel pushing upward is slightly stronger than the pressure of the air at the top of the balloon that is pushing downward.  The overall effect is an upward pointing force.

When the air inside a parcel is exactly the same as the air outside, the two forces are equal in strength and cancel out.  The parcel is neutrally bouyant and it wouldn't rise or sink, it would just sit in place.

If you replace the air inside the balloon with warm low density air, it won't weigh as much.  The gravity force is weaker.  The upward pressure difference force doesn't change (because it is determined by the air outside the balloon which hasn't changed) and ends up stronger than the gravity force.  The balloon will rise.

Conversely if the air inside is cold high density air, it weighs more.  Gravity is stronger than the upward pressure difference force and the balloon sinks.

* the word parcel just means a small volume of air ( should have mentioned that earlier)



We did a short demonstration to show how density can determine whether an object or a parcel of air will rise or sink.  We used balloons filled with helium (see bottom of p. 54 in the photocopied Class Notes).  Helium is less dense than air even when it has the same temperature as the surrounding air.  A helium-filled balloon doesn't need to warmed up in order to rise.
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We dunked the helium-filled balloon in some liquid nitrogen to cool it and to cause the density of the helium to increase.  When removed from the liquid nitrogen the balloon didn't rise, the gas inside was denser than the surrounding air (the purple and blue balloons in the figure above).  As the balloon warms and expands its density decreases.  The balloon at some point has the same density as the air around it (green above) and is neutrally bouyant (it's still cooler than the surrounding air).  Eventually the balloon becomes less dense that the surrounding air (yellow) and floats up to the ceiling (which in ILC 150 is about 30 feet high)

Something like this happens in the atmosphere.
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Sunlight shines through the atmosphere.  Once it reaches the ground at (1) it is absorbed and warms the ground.  This in turns warms air in contact with the ground (2)  As this air warms, its density starts to decrease.  When the air density is low enough, small "blobs" of air separate from the air layer at the ground and begin to rise, these are called "thermals."  (3) Rising air expands and cools (we've haven't covered this yet and it might sound a little contradictory).  If it cools enough (to the dew point) a cloud will become visible as shown at Point 4.  This whole process is called free convection; many of our summer thunderstorms start this way.



We finished the day and the week with a little information about Archimedes Law.  Last Wednesday we saw that the relative strengths of the downward graviational force and the upward pressure difference force determine whether a parcel of air will rise or sink.  Archimedes Law is another, somewhat simpler, way of trying to understand this topic. 
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A gallon of water weighs about 8 pounds (lbs).

If you submerge the gallon jug of water in a swimming pool, the jug becomes, for all intents and purposes, weightless.  Archimedes' Law (see figure below, from p. 53a in the photocopied ClassNotes) explains why this is true.
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Archimedes first of all tells you that the surrounding fluid will exert an upward pointing bouyant force on the submerged water bottle.  That's why the submerged jug can become weightless.  Archimedes law also tells you how to figure out how strong the bouyant force will be.  In this case the 1 gallon bottle will displace 1 gallon of pool water.  One gallon of pool water weighs 8 pounds.  The upward bouyant force will be 8 pounds, the same as the downward force.  The two forces are equal and opposite.

Archimedes law doesn't really tell you what causes the upward bouyant force.  If you're really on top of this material you will recognize that it is really just another name for the pressure difference force that we covered last Friday (higher pressure pushing up on the bottle and low pressure at the top pushing down, resulting in a net upward force).

Now we imagine pouring out all the water and filling the 1 gallon jug with air.  Air is about 1000 times less dense than water;compared to water,  the jug will weigh practically nothing.
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If you submerge the jug of air in a pool it will displace 1 gallon of water and experience an 8 pound upward bouyant force again.  Since there is no downward force the jug will float.

One gallon of sand (which is about 1.5 times denser than water) jug weighs 12 pounds (I try to give you accurate information and actually checked this out).
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The jug of sand will sink because the downward force is greater than the upward force. 

You can sum all of this up by saying anything that is less dense than water will float in water, anything that is more dense than water will sink in water.
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The same reasoning applies to air in the atmosphere.
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Air that is less dense (warmer) than the air around it will rise.  Air that is more dense (colder) than the air around it will sink.

It all comes down to how the density of an object compares to the density of the fluid (gas or liquid) surrounding it.  Something that is less dense than water (many kinds of wood for example) will float.  Something that is denser than water, like a rock, will sink.


Here's a little more information about Archimedes that I didn't mention in class.




There's a colorful demonstration that shows how small differences in density can determine whether an object floats or sinks.
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A can of regular Dr. Pepper (not Pepsi as shown above) was placed in a beaker of water.  The can sank.  A can of Diet Dr. Pepper on the other hand floated.

Both cans are made of aluminum which has a density almost three times higher than water.  The drink itself is largely water.  The regular Coke also has a lot of high-fructose corn syrup, the diet Coke doesn't.  The mixture of water and corn syrup has a density greater than plain water.  There is also a little air (or perhaps carbon dioxide gas) in each can.

The average density of the can of regular Coke (water & corn syrup + aluminum + air) ends up being slightly greater than the density of water.  The average density of the can of diet Coke (water + aluminum + air) is slightly less than the density of water.

I sometimes repeat the "demonstration" with a can of Pabst Blue Ribbon beer.  This also floats because the beer doesn't contain any corn syrup (I don't think).  

In some respects people in swimming pools are like cans of regular and diet soda.  Some people float (they're a little less dense than water), other people sink (slightly more dense than water).  
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Many people can fill their lungs with air and make themselves float, or they can empty their lungs and make themselves sink.  People have an average density that is about the same as water.  That makes sense because we are largely made up of water (water makes up about 60% of human males and 55% of human females according to this source) ______________________________________________________________________________

We watched another short video segment at the end of class.  This showed a trial run of the bathyscaph Trieste developed by Auguste Piccard.  In the video Auguste and his son Jacques descended to a depth of 10,000 feet in the ocean.  Jacques would later take the Trieste down to a depth of more than 35,000 feet.
