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I. Energy & Climate  


A.  Energy basics 


i. Laws of thermodynamics


ii. Earth’s energy balance with space; atmosphere well-mixed


iii. General inefficiencies in heat engines and transport

B. Patterns of energy consumption, domestic and global, including Team Case Studies


C.  Fossil fuels



i.  How and when formed, where found?



ii.  Location and extent (years supply) of each major fossil fuel: oil, natural gas, coal



iii.  Detrimental environmental effects of each 


iv.  Hubbert’s peak & the end of cheap oil
             D.   Trends in CO2 and global temperatures


i.  How do we know what past climates were like (methods and time spans)?



ii.  Patterns through time at different scales (zoom out from 100 yrs to 1 million yrs)

E.  Atmospheric forcing



i.  External factors



Milankovitch cycles: ellipticity, wobble, and precession of equinoxes


ii.  Anthropogenic (GHG, aerosols, clouds, land use)


F.  Climate models



i. Uncertainties and feedbacks (examples)



ii. Patterns predicted by climate models


G. Solutions to global warming:  Kyoto, Socolow & Pacala’s wedges

Final Exam Take Home Essay (500 - 800 words, word-processed, a single-spaced page and a half)

Worth 50 pts (out of 250 total for the exam, 1000 for the class)

Galileo Galilei (1564-1642) was excommunicated for his belief that the Sun, not the Earth, is the center of our solar system.  In his work, Dialogue on the Two Chief Systems of the World (1632), Galileo was following the tradition of a Socratic dialogue as he set up an argument between a good-willed, conservative follower of the day’s dominant paradigm (an earth-centered universe) and a radical believer in a heliocentric universe.

Perhaps someone you know, a relative or neighbor, for example, “doesn’t believe” in global warming.  That view might be considered a dominant paradigm, at least in this country.  Construct a dialogue between yourself and this person, or two imaginary protagonists.  A possible starting point: at Thanksgiving dinner, your Great-Aunt Ethel announces that she found out on the internet how changes in global temperatures were caused by variations in the earth’s orbit around the sun, not by anything people were doing.  Please tell me how you responded to your dear old auntie.  How was she correct, and how was she off base?  You may want to make use of the following concepts in your dialogue: Milankovitch cycles, atmospheric forcing, climate models, greenhouse gas emissions.

Such a dialogue is implicit in a good essay; you should always anticipate the questions of someone who disagrees with you.  Doing this explicitly can be a good exercise: you cannot simply state what you believe (or what you think I want to hear); you must justify your claims with evidence.  

In the original Dialogue, the man of science (the one with the “right” answer, modeled after Galileo himself) is Salviati (SALV).  In the excerpt I provide below, he shows up only at the end.  The main protagonist in this section is a neutral character, Sagredo (SAGR), who was, in fact, a close friend of Galileo.  He represents the neutral position of an open-minded man of letters, and is a stand-in for the reader.  The third (fictitious) character is the foil.  As his name suggests, Simplicio (SIMP) is somewhat naïve; Galileo intended him as a straw man, steeped in Aristotelian (earth-centered) philosophy. In the following, Sagredo has just listened to an exposition by Salviati, and he’s trying to work it through.  He finally swayed when presented with compelling evidence, which is revealed mainly through Simplicio’s misconceptions.  Craft your dialog in a similar manner, letting your sounding board character, Great-Aunt Ethel, Uncle Frank (or whomever), be the naïve, ignorant (in the literal meaning: not knowing) or misguided soul whom you will persuade, via compelling evidence and impeccable logic, of the reality of climate change.  You should use just two characters, a scientifically literate person, and a foil.  Please follow Socratic convention and make sure your protagonists are good-willed.  You may draw on concepts and examples from class discussion, articles, or your text; I do not want you to do any further research or use other sources.  There is no need to place citations within the dialogue (unless you would verbally do so to bolster your argument.)

The full text of Dialogue Concerning the Two Chief World Systems can be accessed here:

  http://webexhibits.org/calendars/year-text-Galileo.html
SAGR. I am aware of some ideas whirling around in my own imagination which have been confusedly roused in me by these arguments. If I wish to keep my attention on the things about to be said, I shall have to try to get them in better order and to place the proper construction upon them, if possible. Perhaps it will help me to express myself more easily if I proceed by interrogation. Therefore I ask Simplicio, first, whether he believes that the same simple movable body can naturally partake of diverse movements, or whether only a single motion suits it, this being its own natural one.

SIMP. For a simple movable body there can be but a single motion, and no more, which suits it naturally; any others it can possess only incidentally and by participation. Thus when a man walks along the deck of a ship, his own motion is that of walking, while the motion which takes him to port is his by participation; for he could never arrive there by walking if the ship did not take him there by means of its motion.

SAGR. Second, tell me about this motion which is communicated to a movable body by participation, when it itself is moved by some other motion different from that in which it participates. Must this shared motion in turn reside in some subject, or can it indeed exist in nature without other support?

SIMP. Aristotle answers all these questions for you. He tells you that just as there is only one motion for one movable body, so there is but one movable body for that motion. Consequently no motion can either exist or even be imagined except as inhering In its subject.

SAGR. Now in the third place I should like you to tell me whether you believe that the moon and the other planets and celestial bodies have their own motions, and what these are.

SIMP. They have, and they are those motions in accordance with which they run through the zodiac--the moon in a month, the sun in a year, Mars in two, the stellar sphere in so many thousands. These are their own natural motions.

SAGR. Now as to that motion with which the fixed stars, and with them all the planets, are seen rising and setting and returning to the east every twenty-four hours. How does that belong to them?

SIMP. They have that by participation.

SAGR. Then it does not reside in them; and neither residing in them, nor being able to exist without some subject to reside in, it must be made the proper and natural motion of some other sphere.

SIMP. As to this, astronomers and philosophers have discovered another very high sphere, devoid of stars, to which the diurnal rotation naturally belongs. To this they have given the name primum mobile; this speeds along with it all the inferior spheres, contributing to and sharing with them its motion.

SAGR. But when all things can proceed in most perfect harmony without Introducing other huge and unknown spheres; without other movements or imparted speedings; with every sphere having only its simple motion, unmixed with contrary movements, and with everything taking place in the same direction, as must be the case if all depend upon a single principle, why reject the means of doing this, and give assent to such outlandish things and such labored conditions? 

SIMP. The point is to find a simple and ready means.

SAGR. This seems to me to be found, and quite elegantly. Make the earth the primum mobile; that is, make it revolve upon itself in twenty-four hours in the same way as all the other spheres. Then, without its imparting such a motion to any other planet or star, all of them will have their risings, settings, and in a word all their other appearances.

SIMP. The crucial thing is being able to move the earth without causing a thousand inconveniences.

SALV. All inconveniences will be removed as you propound them. Up to this point, only the first and most general reasons have been mentioned which render it not entirely improbable that the daily rotation belongs to the earth rather than to the rest of the universe. Nor do I set these forth to you as inviolable laws, but merely as plausible reasons. For I understand very well that one single experiment or conclusive proof to the contrary would suffice to overthrow both these and a great many other probable arguments. So there is no need to stop here; rather let us proceed ahead and bear what Simplicio answers, and what greater probabilities or firmer arguments he adduces on the other side.

Please note Salviati’s eloquent statement of the essence of the scientific method in the last paragraph (I have underlined it).

The frontispiece of Galileo's 1632 Dialogue on the Two Chief World Systems depicts Aristotle, Ptolemy, and Copernicus in conversation. 








