Friday Jan. 28, 2011

Three songs from Manu Chao before class today ("La Vida Tombola", "Y Ahora Que?", and "Me Gustas Tu")

The Practice Quiz Study Guide is now in its final form.  Reviews will be held next week at the following times and locations:

	Mon., Jan. 31
	4-5 pm
	SocSci 222

	Tue., Feb. 1
	4-5 pm
	FCS 225



A few people have told me they won't be able to attend either of the 4-5 pm reviews and wondered if I couldn't schedule a review at a different time.  So a poll was conducted to determine how many people might be interested in an earlier review on Monday afternoon (I can't schedule another review on Tuesday because of a conflict with another class I'm teaching).
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I'll let you know how this turns out in class on Monday.  



An iron (maybe steel) bar was passed around at the beginning of class.  You were supposed to guess how much it weighed. 
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This will relate to something we're doing in class today.




We defined mass and weight in class on Wednesday before running out of time.  Density is the next term we need to look at.
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In the first example there is more mass (more dots, which symbolize air molecules) in the right box than in the left box.  Since the two volumes are equal the box at right has higher density.  Equal masses are squeezed into different volumes in the bottom example.  The box with smaller volume has higher density.

Bottles containing equal volumes of mercury and water were passed around in class so that you could feel firsthand how much denser mercury is than water (thanks for being careful and not spilling the mercury).  Water has a density of 1 gram/cm3, mercury is 13.6 times denser (13.6 grams/cm3)
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Even though the volumes are the same, there is a lot more mass in the bottle of mercury than in the bottle of water (the mercury atoms are bigger and they may be packed more closely together).  Because it has more mass the bottle of mercury also weighs more than the bottle of water (that's something you can feel).  




Now we're ready to define (and hopefully understand) pressure.  It's a pretty important concept.  Pressure differences cause winds that might eventually create storms.
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The air that surrounds the earth has mass.  Gravity pulls downward on the atmosphere giving it weight.  Galileo conducted (in the 1600s) a simple experiment to prove that air has weight.  The experiment wasn't mentioned in class.

Atmospheric pressure is determined by the weight of the air overhead.  This is one way, a sort of large scale representation, of understanding air pressure.
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Pressure is defined as force divided by area.  In the case of atmospheric pressure the weight of a column of air divided by the area at the bottom of the column (as illustrated above).  

Under normal conditions a 1 inch by 1 inch column of air stretching from sea level to the top of the atmosphere will weigh 14.7 pounds.  Normal atmospheric pressure at sea level is 14.7 pounds per square inch (psi, the units you use when you fill up your car or bike tires with air).  Speaking of tires and automobiles here's today's pictures of the day.

[image: image7]
Now here's where the steel bar comes in.  The steel bar also weighs exactly 14.7 pounds (many people think it is heavier than that).  Steel is a lot denser than air, so a steel bar only needs to be 52 inches tall to have the same weight as an air column that is 100 or 200 miles tall.

14.7 psi is one weigh of expressing average sea level pressure.  Here are average sea level pressure values in different units. 
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Typical sea level pressure is 14.7 psi or about 1000 millibars (the units used by meterologists and the units that we will use in this class most of the time) or about 30 inches of mercury (refers to the reading on a mercury barometer). 

We'll talk briefly about mercury barometers next week.  They're used to measure atmospheric pressure.  
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Mercury is more dense than steel and you only need a 30 inch column of mercury to balance the weight of a column of air.  And that's basically what a mercury barometer does.  It basically balances the weight of a tall column of air with a shorter column of mercury.
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Bar means pressure.  Isobars are contours of pressure drawn on weather maps.




Pressure at sea level is determined by the weight of the air overhead.  What happens to pressure as you move upward in the atmosphere.  We can use a pile of bricks (which are easier to visualize than invisible layers of air) to help answer this question.  
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Bricks weigh about 5 pounds each.  At the bottom of the 5 brick tall pile you would measure a weight of 25 pounds (if you wanted to find the pressure you'd divide 25 lbs by the area on the bottom of the brick).  If you moved up a brick you would measure a weight of 20 pounds, the weight of the four bricks still above.  It should be clear that weight and pressure will decrease as you move up the pile.

The atmosphere is really no different.  Pressure at any level is determined by the weight of the air still overhead.  Pressure decreases with increasing altitude because there is less and less air remaining overhead.  The figure below is a more carefully drawn version of what was done in class.

[image: image12]


At sea level altitude, at Point 1, the pressure is normally about 1000 mb.  That is determined by the weight of all (100%) of the air in the atmosphere. 

Some parts of Tucson, at Point 2, are 3000 feet above sea level (most of the valley is a little lower than that around 2500 feet).  At 3000 ft. about 10% of the air is below, 90% is still overhead.  It is the weight of the 90% that is still above that determines the atmospheric pressure in Tucson.  If 100% of the atmosphere produces a pressure of 1000 mb, then 90% will produce a pressure of 900 mb.  

Pressure is typically about 700 mb at the summit of Mt. Lemmon (9000 ft. altitude at Point 3) and 70% of the atmosphere is overhead..

Pressure decreases rapidly with increasing altitude.  We will find that pressure changes more slowly if you move horizontally.  Pressure changes about 1 mb for every 10 meters of elevation change.  Pressure changes much more slowly normally if you move horizontally: about 1 mb in 100 km.  Still the small horizontal changes are what cause the wind to blow and what cause storms to form.

Point 4 shows a submarine at a depth of about 33 ft. or so.  The pressure there is determined by the weight of the air and the weight of the water overhead.  Water is much denser and much heavier than air.  At 33 ft., the pressure is already twice what it would be at the surface of the ocean (2000 mb instead of 1000 mb).




What difference does it make if pressure decreases with increasing altitude? That's a fair question.

Here's one answer to that question.
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Hot air balloons can go up and come back down.  I'm pretty sure you know what would cause the balloon to sink.  I suspect you don't know what causes it to float upward.
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Gravity pulls downward on the balloon.  There is an upward force caused by the pressure difference between the top and bottom of the balloon.  Pressure decreases with increasing altitude.  The pressure at the bottom is a little higher than at the top.  A pressure difference force points from high toward low pressure.




Next we'll try to figure out what happens to air density as you move upward in the atmosphere.  You probably already know the answer.

Because air is compressible, a stack of mattresses might be a more realistic representation of layers of air than a pile of bricks.
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Four mattresses are stacked on top of each other.  Mattresses are reasonably heavy, the mattress at the bottom of the pile is compressed by the weight of the three mattresses above.  This is shown at right.  The mattresses higher up aren't squished as much because their is less weight remaining above.  The same is true with layers of air in the atmosphere.
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There's a lot of information in this figure (p. 34 in the photocopied ClassNotes).  It is worth spending a minute or two looking at it and thinking about it.

1. You can first notice and remember that pressure decreases with increasing altitude.  1000 mb at the bottom decreases to 700 mb at the top of the picture.

Each layer of air contain the same amount (mass) of air.  This is a fairly subtle point.  You can tell because there is an equal 100 mb pressure drop as you move upward through each layer.   Pressure depends on weight.  So if all the pressure changes are equal, the weights of each of the layers must be the same.  Each of the layers must contain the same amount (mass) of air (each layer contains 10% of the air in the atmosphere).  

2. The densest air is found in the bottom layer.  The bottom layer is compressed the most.  Since each layer has the same amount of air (same mass) and the bottom layer has the smallest volume it must have the highest density.  The top layer has the same amount of air but about twice the volume.  It therefore has a lower density.

3.  The rate of pressure change with altitude depends on air density.  The most rapid rate of pressure decrease with increasing altitude is in the densest air at the bottom of the picture.



Pressure at any level in the atmosphere depends on (is determined by) the weight of the air overhead.  We used a pile of bricks (each brick represents a layer of air) to help visualize and understand why pressure decreases with increasing altitude.  A pile of bricks can lead to the believe that air pressure exerts force in just a downward direction.  
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Air pressure is a force that pushes downward, upward, and sideways.  If you fill a balloon with air and then push downward on it, you can feel the air in the balloon pushing back (pushing upward).  You'd see the air in the balloon pushing sideways as well.

The air pressure in the four tires on your automobile pushes pushes upward with enough force to keep the 1000 or 2000 pound vehicle off the road.

Another helpful representation of air in the atmosphere might be a people pyramid.
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If the bottom person in the stack above were standing on a scale, the scale would measure the total weight of all the people in the pile.  That's analogous to sea level pressure being determined by the weight of the all the air above. 

The bottom person in the picture above must be strong enough to support the weight of all the people above.  That is equivalent to the bottom layer of the atmosphere having enough pressure to support the weight of the air above.

Coming on Monday proof that air pressure pushes upward.  





