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Problem Set 1:

Directions: Write a 1-2 page math and science ‘Biography’ of your life in which you describe some of your feelings and impressions of the way math and science were taught to you from K-12.  I do not want you to reiterate what you learned.  I’m interested in the why you felt the way you felt, whatever that may have been.  What I want is for you to reflect on the approach of your math and science teachers to the subject, how they treated math and science, how they imparted them, as subjects, to you as students: how you were to taught to treat them, think about them, feel about them as subjects.  Something that may make this exercise easier is to think of the ways you were not taught to think/feel about math and science.  You might also think of the way math and science were taught to you versus the way, say, English or History were.
Problem Set 2:

I want you to think through your day—any day here on campus—and to depict, for me, the scale of your daily life: describe it for me verbally, numerically, visually, artistically, or however best suits your abilities.  Begin with the INCH as your baseline: think of the things in your experience, your ‘field of vision,’ if you like, in terms of their size in INCHES.  How much of your life is on the scale of inches?  Then move down that scale to the minimum of your experience: how far down do you actually perceive?  A half inch?  A tenth of an inch?  One one-hundredth of an inch?  For example, how small is the head of a pencil or the head of your headphone jack?  Then, build up from INCHES to the maximum you experience.  How big are your experiences in INCES?  A thousand inches?  A million inches? 
Problem Set 3:

I want you to go through Borges’ “The Library of Babel” and take down all of the numbers he gives you with their units in the first couple of paragraphs.  Then, using the factorial formula we discussed in class of how many possible combinations of 25 symbols there are without any repeating (25!), I want you to figure out how many hexagonal rooms it would take to accommodate every possible combination of those 25 symbols.  In short, I want you to do the math to figure out how big the Library has to be (because it’s not ‘infinite’).
Problem Set 4:
1. A farmer has 35 cows he wishes to sell to a meat packing plant.  If the price is $100/cow, simple multiplication proves that he will get $3500 for his cows.  But, I want you to explain why this simple use of math in this real world case may not yield the farmer exactly $3500, as math predicts?

2. First solve: 1 x ½ = ?

This answer is correct in the abstract world of mathematics (half of 1 is one-half since two halfs equal a whole), but provide an example to me from the real world where this math does not at all work: where dividing something in half does NOT give one half of something, which will cause you to (re)think another mathematical given we deal with in the next question.

3. In math, there is nothing more basic than what is called the identity element: a = a, which means that 1 = 1, 34 = 34, dfr = dfr, ¥ = ¥, etc..  Give me an example in the real world where the actual value of a given quantity is not at all equal to itself.

4. Another basic piece of arithmetic is addition.  Basic arithmetic seems to work in the real world all the time.  1 apple + 1 apple = 2 apples, right?  Give me one example where this simple addition (1 + 1 = 2) does not hold for something in the real world.

5. This question involves those dreaded fractions and how we learn to add them.  Following the rules of arithmetic, 2/3 + 3/4 = 17/14 (just plug it in on your calculator if you doubt me).  But what happens when we turn those abstract fractions into real world things, like hits in a baseball game?  In game one, a hitter gets two hits at three at-bats (2/3) and in game two, she gets 3 hits out of 4 at-bats.  Ok, fine.  What is her total number of hits versus at bats for the whole day?  Now explain to me why this number is NOT 17/14 (hint: because it isn’t).
6. Our counting system is based on the number 10 (called ‘Mod 10’ in math-ese), which means that our system of counting is based on an interval of ten things (arbitrarily chosen, by the way, simply because we have a permanent and mobile base ten ‘ruler’ right there on our ten fingers).  When we hit 10, counting-wise, we go back to 1 and start again: we ‘count’ in groups of ten, which becomes the interval we use in the metric system, for example.  We count 1 through 10, then we count 1 through 10 again.  20 is two sets of 10.  100 is 10 sets of ten.  This is our basis for multiplication.  However, there are many situations in our daily life where base 10 does not help us figure out the answer at all.  Clocks are base 12.  Days of the week are base 7.  For days of the week, we count up to 7, then go back to 1.  Using this method for counting, answer the two following questions:

a.  Monday = 1, Tuesday = 2, etc.  So 1 + 2 in Mod 7 (days of the week) = 3 (Monday, plus the next day, Tuesday = Wednesday).  What is 4 + 4 in Mod 7?

b. If 1:00 = 1, 2:00 = 2, etc.  Then 1:00 + 2:00 = 3:00 in Mod 12 (hours of the day).  What is 6 + 9 in Mod 12?

Problem Set 5:

1. The ancient Philosopher Zeno posed this conundrum: in order for a person to get from one side of a room to the other, he must first travel half that distance (to the midpoint), right?  (draw this out—it helps).  But notice that he then must travel to the next midpoint, halfway between the first midpoint and the end of the room, right (Keep drawing: just go half the next distance again)?  He then must travel to the next midpoint, and so on.  Using this reasoning, Zeno proved that the man will never reach the other side of the room since he will always have an infinite, albeit always decreasing, magnitude of distance to cover. Reality, however, proves Zeno wrong: we get to the other side all the time.  But it took us until Calculus (some 2000 years later), for us to not only prove why reality is right, but to actually understand why reality is right.  Using your understanding of the Limit from our readings in Calculus, explain how the person does, in fact, reach the other side of the room.

Problem Set 6:

Nuremberg, Germany.  April 1946.

During cross examination by Chief Justice Robert H. Jackson in the Nuremberg War Crimes Trials of the top Nazis (the ones who didn’t kill themselves), Former Commandant of Auschwitz, Rudolf Höß, declared that he never killed anyone—he didn’t even carry a gun.  But during his tenure as commandant, he estimated that his facility exterminated 2 million people (his ego caused him to overinflate his numbers.  The number is closer to 1 million).  Using our discussion of Zeno and his paradox, explain the scenario in which (a) Höß is telling the truth and (b), the scenario in which Höß was a big fat liar.

The Readings for Class are also below:
1. Order issued by Generaloberst von Shobert to the 11th Army on Aug 2, 1941 regarding the Amy’s participation in the execution of the local populations during Operation Barbarossa:

Only those soldiers may take part in such actions as have specifically been ordered to do so.  Furthermore, I forbid any member of this unit top participate as a spectator.  Insofar as military personnel are detailed to these actions, they have to be commanded by an officer.  The officer has to see to it that there are no unpleasant excesses by the troops.

…

The Army itself finished on the spot only those local inhabitants who have committed—or are suspected of having committed—hostile acts, and that is to be done only upon order of an officer.  Moreover, collective measures may be taken only if authorized by at least a battalion commander.  Any kind of doubt about this question is inadmissible.  Every unauthorized shooting of local inhabitants, including Jews, by individual soldiers, as well as every participation in executive measures of the SS and Police, is disobedience and therefore to be punished by disciplinary means, or—if necessary—by court martial.

Reichsminister Heinrich Himmler Speeches to SS and General Staff:

2. Kharkow April 1943 
…Many people will get shaky at the knees. The only thing that matters is that we stand firm. This is what is important for us as SS-men, for our province of duty and our mission (it is a task additional to those of the whole German Armed Forces and the whole German people) : That is what I would like to impress upon you, this is what I beg you, as Commanding Officers, as Chiefs, and as leaders to teach the young men again and again in their ideological instruction. That is what I demand and exact of you,-that you really concern yourselves with the man, the young fellow of 17 to 18 who comes to us, and with many who are in our ranks not as volunteers but as conscripts. I ask you to look after them, and guide them, and not let them go before they are really saturated with, our spirit and are fighting as the old guard fought before us-that is what I request and demand of you. 

We have only one task, to stand firm and carry on the racial struggle without mercy

3. October 4, 1943 (The Posen Speech) (Full text)

I also want to mention a very difficult subject before you here, completely openly. 

It should be discussed amongst us, and yet, nevertheless, we will never speak about it in public. 

Just as we did not hesitate on June 30 to carry out our duty, as ordered, and stand comrades who had failed against the wall and shoot them. 

About which we have never spoken, and never will speak. 

That was, thank God, a kind of tact natural to us, a foregone conclusion of that tact, that we have never conversed about it amongst ourselves, never spoken about it, everyone shuddered, and everyone was clear that the next time, he would do the same thing again, if it were commanded and necessary. 

I am talking about the "Jewish evacuation": the extermination of the Jewish people. 

It is one of those things that is easily said. "The Jewish people is being exterminated," every Party member will tell you, "perfectly clear, it's part of our plans, we're eliminating the Jews, exterminating them, ha!, a small matter." 

And then along they all come, all the 80 million upright Germans, and each one has his decent Jew. They say: all the others are swine, but here is a first-class Jew. 

And none of them has seen it, has endured it. Most of you will know what it means when 100 bodies lie together, when there are 500, or when there are 1000. And to have seen this through, and -- with the exception of human weaknesses -- to have remained decent, has made us hard and is a page of glory never mentioned and never to be mentioned.

Because we know how difficult things would be, if today in every city during the bomb attacks, the burdens of war and the privations, we still had Jews as secret saboteurs, agitators and instigators. We would probably be at the same stage as 1916-17, if the Jews still resided in the body of the German people.

We have taken away the riches that they had, and I have given a strict order, which Obergruppenführer Pohl has carried out, we have delivered these riches completely to the Reich, to the State. We have taken nothing from them for ourselves. A few, who have offended against this, will be [judged] in accordance with an order, that I gave at the beginning: He who takes even one Mark of this is a dead man.

A number of SS men have offended against this order. There are not very many, and they will be dead men - WITHOUT MERCY! We have the moral right, we had the duty to our people to do it, to kill this people who wanted to kill us. But we do not have the right to enrich ourselves with even one fur, with one Mark, with one cigarette, with one watch, with anything. That we do not have. Because at the end of this, we don't want, because we exterminated the bacillus, to become sick and die from the same bacillus.

I will never see it happen, that even one bit of putrefaction comes in contact with us, or takes root in us. On the contrary, where it might try to take root, we will burn it out together. But altogether we can say: We have carried out this most difficult task for the love of our people. And we have taken on no defect within us, in our soul, or in our character.

Riechsminister Goebbles diary entry for October 9, 1943, after hearing Himmler’s speech

Regarding the Jewish question, he [Himmler] gives a very unadorned and frank picture. He is of the conviction that the Jewish question can be solved by the end of this year. He advocates the most radical and most severe solution, namely to exterminate Jewry, bag and baggage. Of course, if brutal, this is a consistent solution. Because we must take on the responsibility of entirely solving this question in our time. Subsequent generations will doubtlessly no longer dare address this problem with the courage and obsession as we are able to do today.
4. October 6, 1943

One basic principle must be the absolute rule for the SS men : We must be honest, decent, loyal and comradely to members of our own blood and to nobody else. What happens to a Russian, to a Czech, does not interest me in the slightest. What other nations can offer in the way of good blood of our type, we will take, if necessary, by kidnapping their children and raising them here with us. Whether nations live in prosperity or starve to death interests me only so far as we need them as slaves for our culture; otherwise, it is of no interest to me. Whether 10,000 Russian females fall down from exhaustion while digging an antitank ditch interests me only insofar as the anti-tank ditch for Germany is finished.

…

I am now referring to the evacuation of the Jews, the extermination of the Jewish people. It's one of those things that is easily said: 'The Jewish people are being exterminated', says every party member, 'this is very obvious, it's in our program, elimination of the Jews, extermination, we're doing it, hah, a small matter.' [...] But of all those who talk this way, none had observed it, none had endured it. Most of you here know what it means when 100 corpses lie next to each other, when 500 lie there or when 1,000 are lined up. To have endured this and at the same time to have remained a decent person - with exceptions due to human weaknesses - had made us tough. This is a page of glory never mentioned and never to be mentioned. [...] We have the moral right, we had the duty to our people to do it, to kill this people who wanted to kill us.
I ask of you that that which I say to you in this circle be really only heard and not ever discussed. We were faced with the question: what about the women and children? – I decided to find a clear solution to this problem too. I did not consider myself justified to exterminate the men - in other words, to kill them or have them killed and allow the avengers of our sons and grandsons in the form of their children to grow up. The difficult decision had to be made to have this people disappear from the earth. For the organisation which had to execute this task, it was the most difficult which we had ever had. [...] I felt obliged to you, as the most superior dignitary, as the most superior dignitary of the party, this political order, this political instrument of the Führer, to also speak about this question quite openly and to say how it has been. The Jewish question in the countries that we occupy will be solved by the end of this year. Only remainders of odd Jews that managed to find hiding places will be left over.
…

5. May 24, 1944

Another question which was decisive for the inner security of the Reich and Europe, was the Jewish question. It was uncompromisingly solved after orders and rational recognition. I believe, gentleman, that you know me well enough to know that I am not a bloodthirsty person; I am not a man who takes pleasure or joy when something rough must be done. However on the other hand, I have such good nerves and such a developed sense of duty - I can say that much for myself - that when I recognise something as necessary I can implement it without compromise. I have not considered myself entitled - this concerns especially the Jewish women and children - to allow the children to grow into the avengers who will then murder our fathers and our grandchildren. That would have been cowardly. Consequently the question was uncompromisingly resolved.

6. June 21, 1944

It was necessary to resolve another big question. It was the most horrible task and the most awful assignment that any organization could receive: the solution of the Jewish question. I want to say a few words on the matter to this group with complete candor. It's good that we had the hardness to exterminate the Jews in our territory. Don't ask yourselves how difficult it would have been to carry out such an order, even though, as soldiers, I might say you would understand. But thinking critically as German soldiers, you can see that the order was essential. Because we wouldn't have been able to withstand the aerial bombing if we had had the Jews in our cities. I am also convinced we would not have been able to hold the Lemberg front of the Generalgouvernement if the big ghettos in Lemberg, Krakau, Lublin, and Warsaw had still been there. We cleaned out the last one, the big ghetto in Warsaw, in summer 1943. In Warsaw there were 500,000 Jews. I tell you this number confidentially. It took us five weeks of street fighting. Just the same, I want to answer a little question that surely you must have. The question is, of course you had to kill the adult Jews, I understand that, but how could you do the same to the women and children? So I have to tell you something: The children will be grown one day. Do we want to be so improper that we say, no, no, we're too weak to kill children. Our children can deal with them. Our children will fight that one out. But the Jewish hate, small today, will be big tomorrow, and the grown avengers will attack our children and grandchildren, who will then have to deal with them. I am convinced that this will be the case even if Adolf Hitler does not survive. No, we cannot shirk our responsibility to kill all the Jews. That would have been cowardly and therefore we adopted a clear solution to the problem, as difficult as it was. 
Problem Set 7:
The rule of association is:
(a + b) + c = a + (b + c)

The rule of commutation is:
a + b = b + a     

1. Provide an example of something (an event, an occurrence, a process, etc.) in our daily lives that follows the rule of association, and one that follows the rule of commutation (this is not hard).

2. Provide an example of something in our daily lives that does not follow the rule of association and one that does not follow the rule of commutation (this is not hard either, but it is hard to switch our associative and commutative ways of thinking so engrained in our heads since grade school .

Problem Set 8:

1. Draw a triangle on a sheet of paper real big and thick so it’s easy to see and easy to measure.  According to Euclid and his geometry, the sum of the 3 interior angles of a triangle = 180 degrees (you proved this over and over in high school geometry.  But you can get a protractor and measure them yourself if you want…though I don’t know why you’d want).  But notice that your measurements will only get you really close to 180 degrees.  We just chalked this up to the fact that real triangles are not ‘abstract ones’ where the lines and angles are perfect (because in our minds, they can be).  It took us a full 2000 more years before we could prove why we could never actually get 180 degrees, though.  
What would happen to that number (180) if we picked up the paper and bent the ends upwards?  Would the angles of the interior angles still = 180 degrees?  Why or why not?  What would happen if we bent the ends of the paper downward?

2. Nothing is more basic, says Euclid, than the truth that the shortest distance between two points is a straight line.  It seems so intuitive as to seem impossible to think of another way that’s closer.  I would like you to provide one example from our daily lives that disproves Euclid, and explain why it proves him wrong: explain when the shortest distance between two points is NOT a straight line.
Problem Set 9:

Use your basic understanding of math to answer the following questions (i.e. don’t think too hard about these, and don’t use any advanced math if you have some.  These are not trick questions).

1. What is infinity + 1?  What is 1 + infinity?
2. What is infinity + infinity?

3. What is infinity – 1?  What is 1 - Infinity?

4. What is infinity – infinity?

5. What is the square root of infinity?

6. What is infinity2?

Problem Set 10:

Right now at this instance, we perceive “you” in only two dimensions.  Explain how this is correct and what perceiving in this instance means, since we know “you” exist in 3 dimensions (you have length, width, and depth).  Next, explain and describe what perceiving “you” in 3 dimensions would actually look like (hint: Picasso painted 3-dimensional people in 2-dimensions).  Finally, what would looking at you in 4 dimensions actually look like?  Describe it.  

Problem Set 11:

1. Let’s assume you are a sweet little old lady, Marylyn, who lives in a fifth-floor walk-up in the East Village (what New Yorkers call the lower East side), which has wreaked havoc on your poor knees—say around 8th St and Second Ave.  You are living on a very fixed income, have no car of your own, and you want to visit your friend, Rose, who lives over the Brooklyn Bridge in Brooklyn Heights on Hicks Street for a nice game of Mahjong.  

For this problem, refer to this Map: http://www.nysubway.com/map/zoom-midtown.html , and poke around the internet to answer the following questions.
a. How far is it from Marylyn’s house to Rose’s in Brooklyn (estimate)?  

b. What is the distance if she takes a cab?

c. What is the distance if she takes the subway?

d. If she walks at 2 mph, how long will the trip take her?

e. How long would a cab ride take (estimate)?

f. If the subway travels at 45 mph, and the average stop takes 1 min, and it takes about 5 minutes to change subways, how long will the subway trip take?

g. If the Walk is free, a cab ride about $14, and the subway 50 cents, which method would Marylyn chose to take to her friend, Rose’s house and why?

2. In as many ways as you can think of, tell me how far it is from your dorm room to our classroom (estimate where you need to).  
Problem Set 12:

There are questions, but they come after this rather long explanation, so make sure you go through it all first.

Ok, so in order to introduce you to the real radical nature of the Physics of Einstein, I think it would be helpful to show you the differences between High School Physics, College Physics, and Professional (PhD-level) physics.  So I have presented one simple physics scenario below, and how each stage in the Physics game would go about solving it.

Classical/Newtonian Example (From High School), called “Pure” Physics
How we would describe a simple particle (x) with mass = 1, moving without friction in one direction:

High School physics textbooks give us the initial position (q) and the initial momentum (p), at t0 before we give the particle a ‘push’.  So the State of the system σ = (p,q).  The book would then provide values for one of these states (either p or q), and ask you to find, for example, σ1 = (p1, q1), at t1.  Simple enough, all we need is basic algebra and a basic formula that relates position and momentum, which is not important in this example.

College Example (Undergrad, 100-200 level class)), called “Applied” Physics
In this situation, we would do the same experiment, but we would start at a random initial position and momentum (as all particles naturally do), which means that p and q are now described by probability distributions, meaning that their values at a specific moment (pa and qa) cannot be predicted with precision, only best guesses.  So we must make a probabilistic guess were the particle is at any pa and any qa (using the probability distribution equations, which, again, are not important for this example).  All we need to solve this question is some basic Calculus, and one course in Statistics and Probability to find the answer, using the same simple physics formula from the first example.

Professional Example (Grad School), called “Theoretical” Physics

In the real world of Physics, we never begin with pure states like initial position and initial momentum, nor do we have a random starting point—we shoot a particle out of a machine and have to ‘capture’ it ‘on camera’ (with a detector) as it wizzes by to first ‘measure’ anything.  But the act of measuring them at an arbitrary point (since we don’t know when or where they will cross the detectors—we only know where the detector is set-up) only shows their statistical behavior at that point, since particles are not really ‘solid’ things, but collections of locations where the particle might be.  These are called probability waves: equations that suggest, given where the machines detect the particle, where it most likely ‘is’.   But realize that no matter how carefully we prepare our initial conditions like releasing the particle, capturing it on the detector, etc., they can NEVER be repeated—particles are all unique and ever-changing: they don’t come back around to be measured again (so we can’t repeat measurements on the same particle).  This means we have to repeat the measurements over and over to arrive at what is called its eigenstate, which is just a statistical mean of the values for p and q of every particle we send wizzing by the detector in this experiment, which you realize says nothing about all of the other zillions of the same particles out there we aren’t detecting and measuring.  So our expectation value of the initial state itself <X>σ = statistical mean.
So to repeat, for any observable particle, x, we can prepare a pure state (eigenstate), which we obtain by repeating the experiment over and over to arrive at similar results (BTW: this is where we get ‘values’ like mass and charge from: averages of our measurements over thousands of times in different experiments).  But as you will quickly find out in the lab, we can’t prepare simultaneous eigenstates for both momentum and position for all of our observables.  As we’ll find out, we can either measure momentum or position, but not both at the same time, since the actual act of measuring one actually affects the other.  So we can’t prepare a state where both Qt and Pt show sharp results because once we find the statistical mean of one (and get a number for its momentum, for example), the other falls into random behavior.  The results show this in the lab every time we try.  And lastly, we must also realize that every time we try to measure a particle, actually ‘look’ at it, its states change, since looking at it literally means sending photons of light (another particle) to it so we can ‘see’ it (what we ‘see’ is the collision between the two, which gives off energy).  These photons are also particles, so in order to look at one particle, we have to ‘hit’ it with another one, which, like hitting a golf ball with another golf ball, will change the first golf ball’s momentum and position altogether.
So after we measure say momentum of a particle, x, we have an eigenstate of x.  If we measure it multiple times in the same trial, we get similar numbers over time (assuming we’re measuring the same kind of particles).  But—bear with me—consider  a and b, where a = a measurement earlier than b and b is an eigenstate of a.
If we measure only b, we get no statistical behavior at all for either p or q.  But if we measure a and then measure b, we find that b shows statistical results, meaning that its values vary.  This shows us that quantum measurements influence each other, so the order in which we measure changes the math, which shows us that quantum math is non-commutative (i.e. you can’t add or multiply these results, but you can subtract and divide them: 2+3 ≠ 3+2).

And notice, I’m no closer to actually answering our initial question about momentum or position at all.  So, in order to solve this (once) simple question, we need to have a working (not intro level) knowledge of 1) Group Theory, which in college you would only get to after four semesters of calculus, one semester of linear algebra, and one semester of abstract algebra.  This provides you with sophisticated ways to compare certain variable quantities of whole groups of particles.  2) Partial Differential Equations, which you only begin after four to six semesters of calculus.  These help you create a partial differential equation that describes the momentum and position of the particle mathematically.  3) at least an introductory knowledge of Topology. which has the same prerequisites as Group Theory.  This is helpful for figuring out where the particles can and can’t be, since we’re dealing with statistical results.  4) and the highest level classes you can take in both Probability and Statistics, which is itself a whole other major besides mathematics.

Whew!

So in the context of the ‘real’ world, it is better to think of actual physicists as not really ever solving formulas or equations the way you do in school.  These formulas are just idealized and simplified versions of very difficult partial differential equations that take pages and pages to solve.  Formulas work for those ‘ideal’ numbers, but that’s it.  Now don’t get me wrong, physicists actually do solve these long equations, but only at the very end once they have collected all of their raw data, which takes months and months to compile.  Then, stepping back and looking at all of the data, they have to create a partial differential equation that explains the numbers they see on paper, which takes a few more months (thankfully, we now have these formulas for most particles, but if it doesn’t give you the numbers you have, then you have to create your own formulas that do).   And finally, solving the partial differential equations they arrive at is actually the easiest part, and the part most physicists would rather just put off on a math professor.  Physicist’s like the months of measuring, not the solving.  So you see that the high school problems give the wrong impression of what physicists actually do.  Most of physics is spent coming up with the variables that will be plugged into formulas, not solving those formulas.  
So I pose a simple question to you, the answer to which is not simple or easy, and certainly not absolute: is there any value in teaching High School Physics as anything other than as a false, idealized application of mathematics to the real world?  In other words, is high school physics (and we can also do the same exercise above for Chemistry, by the way) just a silly waste of time?  Now I realize that you may find some value in intellectually working through these formulas, even if they don’t apply to the real world, but you can get the same intellectual activity in any math class through word problems.  I’m asking you about differentiating the science class from the math ones.  So I’m asking you to either create a defense for teaching these classes as they are, or to provide a critique of why these classes serve no valuable purpose.  Make your answer 1-2 pages.
Problem Set 13:

First, find someone who has a copy of the new Star Trek movie: you know, the one with the bad guy from Heroes in it.  Watch it if you like, but then fast forward to 1:25:00 into the movie and watch the scene where Scotty (played by the guy from Shaun of the Dead) tries to explain why it’s so hard to figure out how to beam a person onto a ship moving at the speed of light: he uses a great analogy for this.  You can probably find this clip on YouTube as well.  Then, explain what he realizes when Spok (the old one) shows him his own equation for transwarp beaming.  What is the principle of relativity here he has stumbled upon (or not yet learned)?

Problem Set 14:

Now, I want you to consider some standard physics problems from a high school class.  BUT rather than solving them, I want you to play the role of smarmy, smart ass-student in class: you know, the one who either says, “I don’t have enough information,” or the one who always comes up with some smart-ass answer like “because you didn’t say there was any temperature.  What we realize by now, hopefully, is that this student has been correct all along.  What I want you to do in each problem is to identify where the gaps are with respect to their reasoning and the numbers they provide for you to use, since you know the actual kind of work that goes in to providing a value like mass = 1 in the first place.  So using everything we have learned and discussed so far, look at these problems and identify the holes that modern physics would poke in these simple exercises. 

1. A train is moving towards a destroyed bridge. The velocity of the train remains constant at 20m/s. A person inside the train realizes that they will die unless they run to the back of the train and jump out. If the person is 15m from the back of the train and the back of the train is 50m from the break in the track, what velocity must the person run with to make it to the back of the train just as the back of the train goes over the break in the bridge... 
a. relative to the train? 
b. relative to the ground? 


2.  At a recent regatta in California, The San Diego Crew Classic, results from the Men's Cal-Visitors Cup Grand Final with their times are as follows: 
Oregon State U: 
6:17.12

U.C. San Diego: 
6:24.55

Columbia U: 

6:25.71

U.C. Irvine: 

6:27.37

Wichita State U: 
6:30.34

U.C. Santa Barbara: 
6:31.56

The course is 2000m long. Assuming constant velocity for all boats, how far behind OSU was each boat when OSU crossed the finish line? 
2. A car starts from rest and travels for 10 seconds with a constant acceleration of 3.0 m/s2. The driver then applies the brakes causing a constant negative acceleration of -4 m/s2.  Assuming the brakes are applied for 2.0 seconds: 

a. How fast is the car going at the end of braking? 
b. How far has the car gone at the end of braking? 

4.  A ball is thrown straight up in the air and passes a certain window 0.30s after being released. It passes the same window on its way back down 1.50s later. What was the initial velocity of the ball?
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Problem Set 15: 

How old is Benjamin Button when his chronological age matches his perceived age?  Have you found such a point yet in your life, a point where you feel as old as you actually are?  Do you think your mind ages faster than your body, or vice versa?  Explain.

Problem Set 16:

Using all we’ve discussed in Quantum Mechanics about observation, explain what we mean when we say that the universe exists only because God observes it.

Problem Set 17: 
Below are some of the Self-Description sections people actually fill out on eHarmony.com.  First, fill these out for yourself (you can chose as many items in each list as you want). 

Section 1: Self-descriptions

1. Warm 
2. Clever 
3. Dominant 
4. Ambitious 
5. Outgoing 
6. Agreeable 
7. Modest 
8. Submissive
9. Lazy 
10. Introverted 
11. Aloof 
12. Quarrelsome 
13. Cold 
14. Gregarious 
15. Arrogant 
—————–

1. Impulsive
2. Stable
3. Energetic
4. Spiritual
5. Adventuresome
6. Frugal
7. Predictable
8. Affectionate
9. Organized
10. Intelligent
11. Compassionate
12. Attractive
13. Loyal
14. Witty
15. Neat

————-

1. Content
2. Humorous
3. Efficient
4. Artistic
5. Perfectionist
6. Creative
7. Spontaneous
8. Sensitive
9. Under-Achiever
10. Uncomplicated
11. Generous
12. Intellectual
13. Moral
14. Disciplined
15. Adaptable

——————

1. Communicative
2. Honest
3. Sensual
4. Liberal
5. Charming
6. Patient
7. Reliable
8. Resilient
9. Optimistic
10. Conservative
11. Passionate
12. Reflective
13. Caring
14. Genuine
15. Open

—————–

1. Self-aware
2. Competitive
3. Over-Achiever
4. Vivacious
5. Wise
6. Bossy
7. Leader
8. Irritable
9. Show-off
10. Independent
11. Kind
12. Calm
13. Courageous
14. Aggressive
15. Persistent

———————-

1. Outspoken
2. Follower
3. Rational
4. Opinionated
5. Restless
6. Romantic
7. Selfish
8. Shy
9. Stubborn
10. Trusting
11. Jealous

Rate the following words as to how each one describes your physical appearance. Use the following rating scale for each item.

1. Well Groomed
2. Handsome
3. Athletic
4. Overweight
5. Ordinary
6. Fit
7. Sexy

Now that you’ve created your own ‘personality profile,’ describe some of the problems you had in completing my request (which is the actual eHarmony request).  What questions did you have?  What didn’t make sense?  What made you second guess yourself?  What felt weird or wrong about these lists?
Problem Set 18:
Assume the low-end value of the U-235 used in the “Little Boy” bomb dropped on Hiroshima: 600 g.  We know that one gram of mass produces about 21.5 Kilotons of TNT (from E = mc2), and only 1.38% of the U-235 went into fission (blew up), which produced a 13 kiloton explosion.  What would the explosion have been if all of the 600 grams had went into fission?

Problem Set 19:

Using our readings and discussions, give me your reflections on the academic pursuit of science in top research universities.  What are some of your opinions on the way science is conducted, why it’s done, who funds it, how it is published, rewarded, etc.
Problem Set 20:

For this assignment, I’d like you all to watch some films, or clips from films.  I’d like you all to watch the film, Sunshine (2007)—the whole thing, please.  The rest are just clips from films, though if you’d like to watch the whole things, feel free.  The first clip is from The Chronicles of Riddick (2004).  I’d like you to watch from 1:20 – 1:45 or so.  But I’m most interested in the exchange between Riddick and the Purifier around 1:40.  On YouTube, you can find Kindred the Embraced (1996), Episode 8, part 4—an old-school vampire series that lasted all of 8 episodes.  Again, feel free to watch the whole thing, but you only need to see the part beginning around 7:00 into Episode 8, part 4.  The final clip is from the first Underworld film (2003), but you can also find a longer version of this scene in the newest installment, Underworld: Rise of the Lycans (2009) (I didn’t see this one, so I don’t know exactly where the scene is in this one).  Fast forward to the flashback scene around 1:25 into the movie and watch until about 1:27.  You’ll start to notice a theme here, I’m hoping: the power of the sun—be that to destroy vampires or humans.

What I want you to do is to consider the role of the sun in human religion (a tall order, I realize).  The sun, one way or another, has always served as a symbol of the divine for most cultures across the ages from the Incas to the Egyptians and the Javanese to the Finns.  Judeo-Christianity also has their connection to the sun, though by the time of Jesus of Nazareth, the sun has been transformed into a ‘son’.  Judaism, while technically a monotheistic religion, has its roots in Canaanite sun worship as well (one of the Hebrew God’s names is El, who was an old Mesopotamian sun god).  I want you to think about what the sun’s purpose is in man’s inner drive for the divine.  What is the relationship between our understanding of what the divine is supposed to be and our understanding of the sun, even from pre-history?  If our notion of the divine is wrapped up in the image/symbol/or even physical presence of the sun, what does that say about our religious impulse?  I’d like just a couple of pages of your thoughts in essay form explaining to me what you think this all means.   
Problem Set 21:

As we discussed in class, Free Will and Determinism, as two approaches to understanding the divine plan, are not compatible with each other as we see them.  Our actions are either our own or they are already decided for us.  It’s very difficult for us to wrap our heads around a situation in which they can be both (or maybe neither).  God is either a transcendent being who has the universe planned out like a vast chess game and we merely play out our part as we are designed to do, or he is a personal being that intimately involves himself in the lives of individuals in real ways, changing circumstances as we change.   In a well-developed essay, I want you to devise your own defense of a religious system that has both Free Will and Determinism simultaneously.  Use some of the key insights we’ve discussed in relativity, quantum mechanics, transfinite mathematics, non-Euclidean geometry, or even topology to devise a system of belief that has a divine plan AND the free will of the individual to choose their own destiny.  
Problem Set 22:

Explain where love comes from in Calvino’s “Mitosis”.  Love evolves from a specific place in the cell, from a specific feeling.  Explain why Calvino places it where he does.

Problem Set 23:

There is a place for love in Calvino’s “Meiosis,” but it is very different, with a different genealogy and evolution than in “Mitosis”.  Explain and describe the approach to love we find in “Meiosis.”
