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ITI-3A (Expanding Universe) (60 points)

The excerpt below is taken from Saul Perlmutter’s 2011 Nobel Prize in Physics
lecture. Read the passage carefully and answer questions [Q-a]-[Q-k] below in
English. Write your answers in clear, easy-to-read text.

Apparently we have a Universe that is dominated by some new ingredient, some
previously unknown “Dark Energy” that makes the Universe expand faster and
faster. It is so rare that you come across something that is not part of our cur-
rent physics model! This is one of the best [Q-a] outcomes that you could ever get
in a project like this. I feel very lucky to be able to work on this at all, because
here was a project where any result you could discover would be exciting: We might
have found that the Universe was infinite, or that it was finite and going to come to
an end. [Q-b] Been have results of either great these would. Instead we found an
answer that was even better than “great”, in that it was a surprise. [Q-c]This is not
something that you can even wish for in science.

This outcome is a perfect example of how science can so often be [Q-k] two-headed.
On the one hand, it was only possible to discover what came as a surprise to all of
us because our field, physics, had already made such great progress in understanding
the Universe. [Q-d] Less than a century ago we had no idea that there was more
to the Universe than our own Milky Way. [Q-e] (el) immense size of (e2) Universe,
(e3) fact that it is expanding, (e4) fact that it is populated with such (e5) things
as (e6) exploding stars — all this and more had to be discovered before we could
do (e7) work that led us to [Q-f] contemplate (e8) unknown form of energy that
accounts for more than two-thirds of everything there is.

It’s amazing how much we figured out, but on the other hand it’s amazing how big
a mystery has opened up as a result, and how much we still have left to discover. One
of the real pleasures of doing science — which will continue to be true, I believe,
[Q-g] on any given day for the next few centuries — is that we have so much
knowledge to build upon, yet there is still be so much for us to discover.

These two aspects of science remind us that science is a method, not a finished
product. [Q-h] Or know it where will we lead don’t what new, seemingly [Q-i] will
magical us give the future in powers it. We never know whether what we find will
turn out to be useful, but we do know that in the past, [Q-j] we made a major step
forward in our understanding of how the world works, we’ve ultimately been able to
solve more problems, including very practical problems. I think that’s the only way
we can proceed as basic scientists: We try to see what we can understand, and we
hope it opens more possibilities for what we can do in the world.




Answer the following questions concerning the passage above.

[Q-a] Which of the following words could replace the underlined text and not alter
the meaning of the sentence?
al) explanations a2) results
a3) fallouts ad) reactions

[Q-b] The original sentence in this position has been scrambled. Reconstruct it using
only the underlined words. Change the capitalization and include appropriate
punctuation as necessary.

[Q-c] Which of the following best describes what the author thinks is something one
cannot even wish for in science?
cl) to discover that the Universe is infinite  ¢2) to work on something exciting
c3) to achieve a great result c4) to obtain a surprising result

[Q-d] Write a complete sentence with about 20 words that describes the role of the
underlined sentence in this paragraph using only one of the following words:
motivation, example, conclusion, unification.

[Q-e] Fill in each of the blanks (el)-(e8) with the correct article (“the”, “an”, or
“a”). Capitalize your answers as necessary and if no article is needed write “¢”
in the answer space.

[Q-f] Which of the following best describes the meaning of the underlined word?

f1) think seriously about f2) disregard entirely
f3) observe f4) make a guess about

[Q-g] Based on the underlined text, how frequently does the author expect to enjoy

science?
gl) every single day g2) as much as possible
g3) with great frequency g4) often, but not always

[Q-h] The underlined words have been scrambled. Put them in the correct order.
Change the capitalization and include appropriate punctuation as necessary.

[Q-i] The underlined words have been scrambled. Put them in the correct order.
Change the capitalization and include appropriate punctuation as necessary.

[Q-j] From the following list of words choose the best one to replace [Q-j] in this

sentence.
jl) if j2) wherever
j3) always j4) whenever

[Q-k] Using about 50 or 60 words and your own expressions explain what is meant
when the author describes science as being “two-headed”.



ITI-3B (Thermodynamic Square) (40 points)

Read the following passage and answer questions [Q-1]-[Q-6] as well as questions
[Q-A]-[Q-C] below in English. Write your answers in clear, easy-to-read text.

In 1929, Professor Max Born delivered a lecture on Maxwell’s relations in which
he used a diagram like the one in Figure 1. This “thermodynamic square” contains
a great deal of information:

(1) The four fundamental thermodynamic potentials U, F, G, and H are exhibited at
the edges of the square and are flanked* at the corners by [Q-1] the thermodynamic

parameters upon which they depend:

U=U(S,V), (1a)
F=[Q-2], (1b)
G = G(T, P), (1c)
H=H(S,P). (1d)

(2) The two arrows provide plus and minus signs for the differential form of the first
law of thermodynamics. If an arrow points away from a thermodynamic parameter,
the differential of that parameter has a positive sign. On the other hand, [Q-3].
This convention gives

dU = TdS — PdV, (2a)
dF = —SdT — PdV, (2b)
dG = [Q-4], (2¢)
dH = TdS + VdP, (2d)

(3) The Maxwell relations can be obtained. They depend only upon the parameters
at the corners of the square, and the orientation of the arrows. Figure 2 depicts two
situations which lead to [Q-5] the Maxwell relations,

(55), = (or). 6
(@), =), ®

(4) Tt can be extended to magnetic systems. In order to express the thermodynamic
relations for magnetic materials, P and V' are replaced by the applied magnetic field
H, and the magnetization M. However, in the thermodynamic square a minus sign
is needed for M for the following reason: Application of P results in the reduction
of V, while [Q-6].

*flank (v.t.): to place something on each side of
Adopted from: Ronald Forrest Fox, J. Chem. Edu. 53 (1976) 441-442.
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[Q-1]

[Q-2]
[Q-3]
[Q-4]
[Q-5]
[Q-6]

[Q-A]
[Q-B]
[Q-C]

(a) ¥, r
V F T

U G S P S P
(b) TV T

S H P / :
S P P

Figure 1. Thermodynamic square. Figure 2. Maxwell relation diagrams.

Answer the following questions concerning the passage above.

Among the thermodynamic parameters, T and P represent temperature and
pressure, respectively. What do V' and S represent, respectively?

Fill in the brackets with a suitable expression.

Fill in the brackets to complete the sentence.

Fill in the brackets with a suitable expression.

Write down the other two Maxwell relations (in any order).

Complete the sentence by providing an appropriate phrase in the brackets.

Answer the following questions concerning a magnetic system.

Draw a thermodynamic square for a magnetic system.
For a magnetic system, write down the relation corresponding to Equation (2b).

Write down the Maxwell relation for the partial derivative of magnetization
with respect to temperature at constant magnetic field.



