Tuesday Oct. 16, 2012

"Sometimes" from the Punch Brothers was the first song you heard today (here's a live version).  After that you heard "Movement and Location" and part of "???".

Quiz #2 has been graded and was returned in class.  Several grading errors have already been  brought to my attention, so have a careful look at your quiz.

We now have a preceptor for this class, Nicole Venn.  She has taken the class and already served once as a Preceptor.  You'll find contact information on the class home page.

The Scientific Paper option is now open for students that don't want to do either an Experiment or Book report.  The Scientific Paper reports are due by Tuesday, Nov. 6.

Two of the three 1S1P Assignment #2 reports are due Thursday this week.  The 3rd topic isn't due until next Thursday.

Hurricane Paul is moving northward along the coast of  Baja California.  The clouds in the sky today are from that hurricane.  There is a chance that it might bring some moisture and showers to S. Arizona later this week.  You can get the latest information from the National Hurricane Center (www.nhc.noaa.gov).

I am working hard to finish grading the Experiment #2 reports so that I can put all the grades into my computer and printout midterm grade summaries.  I am hoping to have them ready to handout on Thursday.

Finally there was a 2 question In-class Optional Assignment today.




A lot of people had trouble with the question about "warm white" and "cool white" light.  After one of the quizzes last week a student mentioned automobile headlights.  That's a good example of a situation where you can easily see examples of both kinds of white.  Here's a link:  warm white and cool (bluish) white automobile headlights.  Notice the yellow tint to the headlights on the left side of the vehicle in the photograph.  Compare them with the bright light at the bottom right of the photo, which has a bluish tint to it.

White light is produced by combining all the colors of visible light.   But the colors can be mixed together in different amounts as shown in the figure below.

[image: image1]
Warm white contains more of the longer wavelength colors (red, orange, yellow).  Cool white contains more of the shorter wavelengths (violet, blue, green).



We'll start back where we left off a week ago with the outer space view of radiative equilibrium on the earth without an atmosphere.  The important thing to note is that the earth is absorbing and emitting the same amount of energy (4 arrows absorbed balanced by 4 arrows emitted).  The arrow of reflected sunlight doesn't play any role at all.

[image: image2]

We will be moving from outer space to the earth's surface (the next two figures below).

Don't let the fact that there are 

4 arrows are being absorbed and emitted in the figure above and
2 arrows absorbed and emitted in the bottom figure below

bother you.  The important thing is that there are equal amounts being absorbed and emitted in both cases.

[image: image3]


The reason for only using two arrows in this picture is to keep the picture as simple as possible



[image: image4]
Here's the same picture with some more information added (p. 70a in the photocopied ClassNotes).  This represents energy balance on the earth without an atmosphere.

The next step is to add the atmosphere. 

We will study a very much simplified version of radiative equilibrium just so you can identify and understand the various parts of the picture.  Keep an eye out for the greenhouse effect.  Here's  a cleaned up version of what we ended up with in class (I added a little information at the bottom of the picture.
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It would be hard to sort through and try to understand all of this if you weren't in class (difficult even if you were in class).  So below we will go through it again step by step (which you are free to skip over if you wish).  This is a more detailed version than was done in class.  Caution: some of the colors below may differ slightly from those used in class.

[image: image6]
1.   In the picture above we see the two rays of incoming sunlight that pass through the atmosphere, reach the ground, and are absorbed.  100% of the incoming sunlight is transmitted by the atmosphere.  This wouldn't be too bad of an assumption if sunlight were just visible light.  But it is not, sunlight is about half IR light and some of that is going to be absorbed.  There's also UV light in sunlight.  But we won't worry about that at this point.

The ground is emitting a total of 3 arrows of IR radiation.  How can the earth emit 3 arrows when it is absorbing only 2.  We'll see how this can happen in a second.
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2.   One of these (the pink or purple arrow above) is emitted by the ground at a wavelength that is not absorbed by greenhouse gases in the atmosphere (probably around 10 micrometers, in the center of the "atmospheric window").  This radiation passes through the atmosphere and goes out into space.

[image: image8]
3.  The other 2 units of IR radiation emitted by the ground are absorbed by greenhouse gases is the atmosphere.

[image: image9]
4.   The atmosphere is absorbing 2 units of radiation.   In order to be in energy balance, the atmosphere must also emit 2 units of radiation.  That's shown above.  1 unit of IR radiation is sent upward into space, 1 unit is sent downward to the ground where it is absorbed.  This is probably the part of the picture that most students have trouble visualizing (it isn't so much that they have trouble understanding that the atmosphere emits radiation but that 1 arrow is emitted upward and another is emitted downward toward the ground.



Before we go any further we will check to be sure that every part of this picture is in energy balance.
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The ground is absorbing 3 units of energy (2 green arrows of sunlight and one bluish arrow coming from the atmosphere) and emitting 3 units of energy (one pink and two red arrows).  3 absorbed = 3 emitted, so the ground is in energy balance.

[image: image11]
The atmosphere is absorbing 2 units of energy (the 2 red arrows coming from the ground) and emitting 2 units of energy (the 2 blue arrows).  One goes upward into space.  The downward arrow goes all the way to the ground where it gets absorbed (it leaves the atmosphere and gets absorbed by the ground).  The atmosphere is in energy balance.
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And we should check to be sure equal amounts of energy are arriving at and leaving the earth.  2 units of energy arrive at the top of the atmosphere (green) from the sun after traveling through space, 2 units of energy (pink and orange) leave the earth and head back out into space.  Energy balance here too.



[image: image13]
The greenhouse effect involves the absorption and emission of IR radiation by the atmosphere.  Here's how you explain it in words
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Doesn't it make sense that if the ground is getting back some of the energy it would otherwise lose, the ground will end up being warmer.  That's what the greenhouse effect does, it warms the earth's surface.  The global annual average surface temperature is about 60 F on the earth with a greenhouse effect.  It would be about 0 F without the greenhouse effect.

Here are a couple other ways of understanding why the greenhouse effect warms the earth.  
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The picture at left is the earth without an atmosphere (without a greenhouse effect).  At right the earth has an atmosphere, one that contains greenhouse gases.  At left the ground is getting 2 units of energy (from the sun).  At right it is getting three, two from the sun and one from the atmosphere (thanks to the greenhouse effect).  Doesn't it seem reasonable that ground that absorbs 3 units of energy will be warmer than ground that is only absorbing 2?

Here's another explanation of why the ground is warmer with a greenhouse effect than without.
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At left the ground is emitting 2 units of energy, at right the ground is emitting 3 units.  Remember that the amount of energy emitted by something depends on temperature (the equation below at left).
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The ground in the right picture must be warmer to be able to emit 3 arrows of energy rather than 2 arrows.  It is able to emit 3 arrows of energy even though it only gets 2 arrows of sunlight because it is able to get a 3rd arrow of energy from the atmosphere.




In our simplified explanation of the greenhouse effect we assumed that 100% of the sunlight arriving at the earth passed through the atmosphere and got absorbed at the ground. We will now look at how realistic that assumption is.
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The bottom figure above shows that on average (over the year and over the globe) only about 50% of the incoming sunlight makes it through the atmosphere and gets absorbed at the ground.  This is the only number in the figure you should try to remember.

About 20% of the incoming sunlight is absorbed by gases in the atmosphere.  Sunlight is a mixture of UV, VIS, and IR light.  Ozone and oxygen will absorb a lot of the UV (UV makes up only 7% of sunlight) and greenhouse gases will absorb some of the IR radiation in sunlight (Roughly half of sunlight is IR light).

The remaining 30% of the incoming sunlight is reflected or scattered back into space (by the ground, clouds, even air molecules).

Students performing Experiment #3 here's something I didn't mention in class. You will be measuring the amount of sunlight energy arriving at the ground.  About 2 calories pass through a square centimeter per minute at the top of the atmosphere.  Since about half of this arrives at the ground on average, you should expect to get an answer of about 1 calorie/cm2 min.
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Now that we know a little bit more about the fate of incoming sunlight we'll improve our simplified illustration of the greenhouse effect somewhat.  We'll make it a little more realistic.  
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In this case we'll assume that 1 of the 2 incoming arrows of sunlight is absorbed in the atmosphere instead of passing through the atmosphere and being absorbed at the ground.  The ground is still emitting 3 arrows of IR light.  What would you need to add to this picture to bring it into energy balance?  This was the first of two questions on the in-class Optional Assignment.

Start with the atmosphere.  How many units does it need to emit.  It's absorbing 3 units or energy and must, therefore, emit 3 arrows of radiation.  How many should we draw going upward, how many go downward?

We'll next look at the ground.  It is absorbing 1 unit of sunlight energy but emitting 3; it needs two more units of energy.  Thus we should send 2 of the 3 arrows of radiation emitted by the atmosphere downward toward the ground. 

We'll send the remaining arrow of energy emitted by the atmosphere upward and into space.
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The atmosphere is emitting 3 arrows of IR light.  1 goes upward and into space, the other two go downward and get absorbed by the ground.




Next we will look at more realistic picture of energy balance on the earth (the bottom figure below).  The simplified version that we just worked out earlier in the class is also shown for comparison (top figure).

[image: image22]

In the top figure (the simplified representation of energy balance) you should recognize the incoming sunlight (green), IR emitted by the ground that passes through the atmosphere (pink or purple), IR radiation emitted by the ground that is absorbed by greenhouse gases in the atmosphere (orange) and IR radiation emitted by the atmosphere (blue).  

The lower part of the figure is pretty complicated.  It would be difficult to start with this figure and find the greenhouse effect in it.  That's why we used a simplied version.  Once you understand the upper figure, you should be able to find and understand the corresponding parts in the lower figure (especially since I've tried to use the same colors for each of the corresponding parts).

Some of the incoming sunlight (51 units in green) reaches the ground and is absorbed.  19 units of sunlight are absorbed by gases in the atmosphere.  The 30 units of reflected sunlight weren't included in the figure.

The ground emits a total of 117 units of IR light.  Only 6 shine through the atmosphere and go into space.  The remaining 111 units are absorbed by greenhouse gases.  The atmosphere in turn emits energy upward into space (64 units) and downward toward the ground (96 units).  Why are the amounts different?  One reason might be that the lower atmosphere is warmer than the upper atmosphere (warm objects emit more energy than cold objects).  Part of the explanation is probably also that there is more air in the bottom of the atmosphere (the air is denser) than near the top of the atmosphere.  

Notice that conduction, convection, and latent heat energy transport (the 7 and 23 units on the left side of the figure) are needed to bring the overall energy budget into balance. The amount of energy transported by conduction, convection, and latent heat is small compared to what is transported in the form of EM radiation.

A couple more things to notice in the bottom figure.  
(i)  The ground emits more energy (117 units) than it gets from the sun (51 units).  It is able to achieve energy balance because it also gets energy from the atmosphere (96 units).  

(ii)  The ground is actually receiving more energy from the atmosphere (96 units) than it gets from the sun (51 units)!  Part of the reason for this is that the sun just shines for part of the day.  We receive energy from the atmosphere 24 hours per day.




Here's another picture to test your understanding (the second question on the in-class assignment)
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One unit of sunlight energy arrives at the earth and gets absorbed by the atmosphere.  It doesn't make it to the ground.  The ground is emitting one unit of energy that gets absorbed by the atmosphere.  You need to figure out what the atmosphere is doing to bring this picture into energy balance. You’ll find the answer on the last page of today’s notes.



Just a couple more things before we finish.


We can use our simplified representation of the greenhouse effect to understand the effects of clouds on daytime high and nighttime low temperatures.  Here's what I mean
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Clouds raise the nighttime minimum temperature and lower the daytime maximum temperature.  Here are some typical daytime high and nighttime low temperature values on clear and cloudy days for this time of the year. 

The following can be found on pps. 72a & 72b in the ClassNotes (I've rearranged things slightly to try to make it clearer)

[image: image25]
Here's the simplified picture of radiative equilibrium again (you're probably getting pretty tired of seeing this).  You should be able to say something about every arrow in the picture.  The two pictures below show what happens at night when you remove the two green rays of incoming sunlight.

[image: image26]

The picture on the left shows a clear night.  The ground is losing 3 arrows of energy and getting one back from the atmosphere.  That's a net loss of 2 arrows.  The ground cools rapidly and gets cold during the night.

A cloudy night is shown at right.  Notice the effect of the clouds.  Clouds are good absorbers of infrared radiation.  If we could see IR light, clouds would appear black, very different from what we are used to (because clouds also emit IR light, if we could see IR light the clouds might also glow).  Now none of the IR radiation emitted by the ground passes through the atmosphere into space.  It is all absorbed either by greenhouse gases or by the clouds.  Because the clouds and atmosphere are now absorbing 3 units of radiation they must emit 3 units: 1 goes upward into space, the other 2 downward to the ground.  There is now a net loss at the ground of only 1 arrow.  

The ground won't cool as quickly and won't get as cold on a cloudy night as it does on a clear night.  That makes for somewhat warmer early morning bicycle rides this time of the year.

The next two figures compare clear and cloudy days.
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Clouds are good reflectors of visible light (we see visible light and clouds appear white).  The effect of this is to reduce the amount of sunlight energy reaching the ground in the right picture.  With less sunlight being absorbed at the ground, the ground doesn't need to get as warm to be in energy balance.



We didn't have time for this last topic.  We'll use our simplified representation of radiative equilibrium to understand enhancement of the greenhouse effect and global warming. 
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The figure (p. 72c in the photocopied Class Notes) on the left shows energy balance on the earth without an atmosphere (or with an atmosphere that doesn't contain greenhouse gases).  The ground achieves energy balance by emitting only 2 units of energy to balance out what it is getting from the sun.  The ground wouldn't need to be very warm to do this.

If you add an atmosphere and greenhouse gases, the atmosphere will begin to absorb some of the outgoing IR radiation.  The atmosphere will also begin to emit IR radiation, upward into space and downard toward the ground.  After a period of adjustment you end up with a new energy balance.  The ground is warmer and is now emitting 3 units of energy even though it is only getting 2 units from the sun.  It can do this because it gets a unit of energy from the atmosphere.  This is what I refer to as the beneficial greenhouse effect.  It makes the earth more habitable (average surface temperature of 60 F versus about 0 F without a greenhouse effect).

In the right figure the concentration of greenhouse gases has increased even more (due to human activities).  The earth would find a new energy balance.  In this case the ground would be warmer and would be emitting 4 units of energy, but still only getting 2 units from the sun.  With more greenhouse gases, the atmosphere is now able to absorb 3 units of the IR emitted by the ground.  The atmosphere sends 2 back to the ground and 1 up into space.

The next figure shows a common misconception about the cause of global warming.
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Many people know that sunlight contains UV light and that the ozone absorbs much of this dangerous type of high energy radiation.  People also know that release of chemicals such as CFCs are destroying stratospheric ozone and letting some of this UV light reach the ground.  That is all correct.  

They then conclude that it is this additional UV energy reaching the ground that is causing the globe to warm.  This is not correct.  There isn't much (about 7%) UV light in sunlight in the first place and the small amount of additional UV light reaching the ground won't be enough to cause global warming.  It will cause cataracts and skin cancer and those kinds of problems but not global warming.

If all of the UV light in sunlight were to reach the ground it probably would cause some warming.  But it probably wouldn't matter because some of the shortest wavelength and most energetic forms of UV light would probably kill us and most other forms of life on earth.

Below is the answer to the second question on the In Class Optional Assignment.
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