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1.(20%) A silicon wafer is heated at a temperature Ty and now cooled in a closed air box 1n1t1a11y ata temperature
T and pressure Py. The box made by steel has the same initial temperature 73 . Assume that you know the mass o
the wafer (m,,), the mass of the steel box (#2,) and the internal volume of the steel box (Pv). There is no heat
transfer crossing the box. The specific heats for the silicon wafer, air and steel box are Cpsi> Cpa and Cpq at the
average temperature between Ty and Ti. You are asked to derive the final temperature for the silicon wafer.

following the questions below:

) S8t

i(a) (4%) 'What is the mass of air?

(b)(12%) The first law of thermodynamws for transient processes is hsted below: _— :
Ql 59— W1_2 + Em{,fh ‘?‘mﬂﬁ 'mq{ug = T '+ g7 ) mlful += VE ‘F’Qui} (Eq 1. 1)

Ql . ‘and Wy, are heat transfer into the system and work done by the system during the transient process from state,
1'to 2. 7z and 4 are the mass flow rate and enthalpy. The subscript i and o represent for inlet and outlet of. the
systetn. u, %, and Z represent the internal energy, velocity, and elevation. How do you simplify Equation 1.1 to!

analyze the problem?

(¢) (4%) What is the final temperature for the silicon wafer?

12.(20%) A condenser in a refrigerator receives a flow of R-410a at Py rerand 77 g, Which is cooled by kitchen air
coming in at Ty s0 the R-4104 leaves as saturated liquid at 75 rer and air leaves at Ty 4. If the mass flow rate of]
R-410a is mig, you are asked to determme the air mass ﬂow rate (ri, )‘7 Assume that you know the enthalpies at

1nlet 1 and outlet 2 are hy Ref and 7, ger.
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l(a) (10%) How do you sunphfy Eq 1. 1 to analyze the problem‘?

(b) (10 %) How much is mﬁ requlred‘?
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3.(20%) Consider a homogeneous solid medium within which there is no bulk motion and the
temperature distribution 7(x,)z,¢) is expressed in Cartesian coordinates (x,3z) and time ¢. Please draw a
control volume to derive the heat equation, which is:

O’T o'T o'T, or

k + + = pc—
PRI P Pl

Please only consider the conduction and assume all the material propertics are constant, such as the
ithermal conductivity £, density p, and heat capacity c.

4.(20%) Consider a hot metal that is initially at a uniform temperature 7; and is placed into a liquid of a
lower uniform and constant temperature T.. The thermal transient effect begin at time r=0, the
temperature of the solid will decrease for time £>0, until it eventually reaches Ti. This reduction is due to
the convection heat transfer at the solid-liquid interface. Assume the temperature T of the metal only
depends on time ¢ such that T can be simplified as 7(f ) instead of T(x,y,7,7). Please derive T(f) of the
metal in terms of the convection heat transfer coefficient 4, metal density p, metal heat capacity c,
ivolume of metal ¥V, and surface area of metal 4.

5.(20%) The plane wall with constant properties without heat generation shown in the figure is initially
at a uniform temperature 7;. Suddenly the surface at x=L is heated by a fluid at T, having a convection
heat transfer coefficient 4. The boundary at x=0 is perfectly insulted. Please sketch the temperature
distribution T(x,) as ¢ goes by from =0 to 1—w,
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(A)Eccentrics are also found to be healthier.

(B) According to a recent study in England, eccentrics are more creative.

(C) Or it could be our best friend’s brother who wears shorts to a formal dance.

(D) People may have eccentric taste in clothes, or have eccentric hobbies.

(E) Psychologists also find that eccentric people do not follow conventions.

(F) Such personal traits are found to play an important role in boosting the body’s immune system.
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Six Sigma is a highly disciplined process that helps companies focus on developing and delivering
near-perfect products and services. The word  “sigma” s a statistical term that measures how far a given
process falls short of perfection. The central idea behind Six Sigma is that if a company can measurc how
many “defects” they have in a commercial production process, they can systcmatically figure out how to
climinate the problems and get as closc to “zero defects™  as possible.

Training and teamwork arc cssential elements of the Six Sigma methodology. In other words,
companics need to have their tcam lcaders and tcam members trained (o implement the Six Sigma processcs.
They must learn to use the measurement and improvement tools. They also need to learn communication
skills nccessary for them to involve customers and supplicrs and to serve their needs.

Six Sigma was developed in 1986 by Motorola, an American telecommunications company. Engincers
in Motorola used it as an informal name for a plan to reduce faults in production processes. A few years
later, Motorola cxtended the name  “Six Sigma” to mean a gencral performance improvement method,
beyond purcly - “defect reduction” in the production process. In 1995, Jack Welch, CEO of General
Electrics (GE), decided to implement Six Sigma in GE; and by 1998 GE claimed that Six Sigma had
generated over three-quarters of a billion dollars of cost savings.

By 2000, Six Sigma was cffectively established as an industry in its own right, involving the training,
consultancy and implementation of Six Sigma methodology in all sorts of organizations around the world.
Organizations as diverse as local governments, prisons, hospitals, the armed forces, banks, and multi-
national corporations have been adopting Six Sigma for quality and process improvement.

1. According to the passage, what is “Six Sigma™?
(A) A digital device to speed up production processes.
(B) A near-perfect process in business communication.
(C) A statistical term that measures a company’s budgets and profits.
(D) A quality measure that detects problems to improve products and services.

12. For Six Sigma to be applied successfully, which of the following are the most crucial factors?

(A) Customers and suppliers’ needs. (B) Tools in statistics and marketing.
(C) Strong teamwork and proper training. (D) Good leadership and sufficient budget.

13. How are the author’s ideas developed in the last two paragraphs?

(A) By definition. (B) By comparison.  (C) In time order. (D) In space order.
14. According to the passage, which of the following is true regarding Six Sigma?

(A) It helped Motorola and General Motors to promote sales.

(B) It requires multi-national efforts to generate satisfactory results.

(C) It has gained popularity mostly among large telecommunications companies.

(D) It has become a business model which provides services to organizations worldwide.
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Scientists are trying to genetically modify the world in which we live. They are even trying to wipe
out diseases via genetic modification. For example, researchers have tried to engineer mosquitoes to kill
malaria parasites. The malaria parasite is carried by the female 4nopheles mosquito. When transmitted to
a human, the parasite travels first to the liver and then on to the bloodstream, where it reproduces and
destroys red blood cells. An estimated 250 million people suffer from malaria each year, and about one
million die—many of them children. There are currently no effective or approved malaria vaccines.

To “kill” malaria, scientists are genetically modifying a bacterium in mosquitoes so that it releases
toxic compounds. These compounds are not harmful to humans or the mosquito itself, but they do kill off
the malaria parasite, making the mosquito incapable of infecting humans with malaria.

Despite this achievement, scientists are faced with the challenge of giving the modified mosquitoes a
competitive advantage so that they can eventually replace the wild population. Complete blockage of the
malaria parasite is very important. If some of the parasites slip through the mechanism, then the next
generation will likely become resistant to it. And if that happens, the scientists are back where they started.

Another challenge for scientists is to gain public approval for this genetic modification regarding
mosquitoes and malaria control. Environmental activists have raised concerns about the release of genetically
engineered organisms without any clear knowledge of their long-term effect on ecosystems and human health.
There is still a long way to go before genetic modification techniques are put to use in disease control.

15. What is the main idea of this passage?
(A)Researchers have found an effective way to halt the spread of insect-borne diseases around the world.
(B) Many people are worried about the effects of genetically modified organisms on the environment.
(C) It takes time to gain public support for the application of genetic modification to disease control.
(D) Genetic engineering looks promising in reducing malaria, though there may be unknown consequences.
16. Which of the following best shows the organization of this passage?
(A)Introduction = Comparison - Contrast
(B) Problem > Solution - Potential difficulties
(C) Proposal > Arguments - Counter-arguments
(D)Definition = Examples - Tentative conclusions
17. According to the passage, which of the following is true about malaria parasites?
(A) They are resistant to genetic modification and vaccines.
(B) They reproduce in the human liver and grow stronger there.
(C) They can be found in only one gender of a class of mosquitoes.
* (D) They are transmitted to around one million children each year.
18. What does “that” in the third paragraph refer to?
(A)Some malaria parasites escaping from the ecosystems.
(B) Malaria parasites becoming immune to the engineered bacterium.
(C) Modified mosquitoes becoming more competitive than the wild ones.
(D) Transmission of malaria being blocked from mosquitoes to humans.
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In the last decade a revolution has occurred in the way that scientists think about the brain. We now know g
that the decisions humans make can be traced to the firing patterns of neurons in specific parts of the brain. |

These discoveries have led to the field known as neuroeconomics, which studies the brain’ s secrets to
success in an economic environment that demands innovation and being able to do things differently from
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competitors. A brain that can do this is an iconoclastic one. Briefly, an iconoclast is a person who does
something that others say can’ t be done.

This definition implies that iconoclasts are different from other people, but more precisely, it is their brains
that are different in three distinct ways: perception, fear response, and social intelligence. Each of these three
functions utilizes a different circuit in the brain. Naysayers might suggest that the brain is irrelevant, that
thinking in an original, even revolutionary, way is more a matter of personality than brain function. But the
field of neuroeconomics was born out of the realization that the physical workings of the brain place
limitations on the way we make decisions. By understanding these constraints, we begin to understand why
some people march to a different drumbeat.

The first thing to realize is that the brain suffers from limited resources. It has a fixed energy budget, about
the same as a 40 watt light bulb, so it has evolved to work as efficiently as possible. This is where most pcople
arc impeded from being an iconoclast. For example, when confronted with information streaming from the
cyes, the brain will interpret this information in the quickest way possible. Thus it will draw on both past
experience and any other source of information, such as what other people say, to make scns¢ of what it is
sccing. This happens all the time. The brain takes shortcuts that work so well we are hardly cver aware of
them. We think our perceptions of the world are real, but they are only biological and clectrical rumblings.
Perception is not simply a product of what your cyes or ears transmit to your brain. More than the physical
reality of photons or sound waves, perception is a product of the brain.

Perception is central to iconoclasm. Iconoclasts sec things differently to other people. Their brains do not
fall into cfficiency pitfalls as much as the average person’ s brain. Iconoclasts, either because they were born
that way or through learning, have found ways to work around the perceptual shortcuts that plaguc most
pcople. Perception is not something that is hardwired into the brain. It is a learned process, which is both a
cursc and an opportunity for change. The brain faces the fundamental problem of interpreting physical stimuli
from the senses. Everything the brain sees, hears, or touches has multiple interpretations. The one that is
ultimately chosen is simply the brain’ s best theory. In technical terms, these con jectures have their basis in
the statistical likelihood of one interpretation over another and are heavily influenced by past experience and,
importantly for potential iconoclasts, what other people say.

The best way to sce things differently to other people is to bombard the brain with things it has ncver
encountered before. Novelty releases the perceptual process from the chains of past experience and forees the
brain to make new judgments. Successful iconoclasts have an extraordinary willingness to be cxposed to what
is {resh and different. Observation of iconoclasts shows that they embrace novelty while most people avoid
things that arc different.

The problem with novelty, however, is that it tends to trigger the brain’ s fear system. Fear is a major
impediment to thinking like an iconoclast and stops the average person in his tracks. There are many types of]
fcar, but the two that inhibit iconoclastic thinking and pcople generally find difficult to deal with are fear of]
uncertainty and fear of public ridicule. These may seem like trivial phobias. But fear of public speaking, which
everyone must do from time to time, afflicts one-third of the population. This makes it 100 common (o be
considered a mental disorder. It is simply a common variant of human nature, one which iconoclasts do not let
inhibit their reactions.

Finally, to be successful iconoclasts, individuals must sell their ideas to other people. This is where social
intelligence comes in. Social intelligence is the ability to understand and manage people in a business setting.
In the last decade there has been an explosion of knowledge about the social brain and how the brain works
when groups coordinate decision making. Neuroscience has revealed which brain circuits are responsible for
functions like understanding what other people think, empathy, fairness, and social identity. These brain
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iconoclasts are so rare;

success in any field to understand how the iconoclastic mind works.

Questions 19-22, Choose the correct letter, A, B, C or D.

19. Neuroeconomics is a field of study which seeks to
(A) cause a change in how scientists understand brain chemistry.
(B) understand how good decisions are made in the brain.
(C) understand how the brain is linked to achievement in competitive fields.
(D) trace the specific firing patterns of neurons in different areas of the brain.

20. According to the writer, iconoclasts are distinctive because

(A) they create unusual brain circuits.

(B) their brains function differently.

(C) their personalities are distinctive.

(D) they make decisions easily.

21. According to the writer, the brain works efficiently because

(A) it uses the eyes quickly.

(B) it interprets data logically.

(C) it generates its own energy.

(D) it relies on previous events.

22. The writer says that perception is

(A) a combination of photons and sound waves.

(B) areliable product of what your senses transmit.

(C) aresult of brain processes.

(D) aprocess we are usually conscious of.

(A) YES (if the statement agrees with the claims of the writer)
(B) NO (if the statement contradicts the claims of the writer)

23. Exposure to different events forces the brain to think differently.

24. Iconoclasts are unusually receptive to new experiences.

25. Most people are too shy to try different things.

26. When concern about embarrassment matters less, other fears become irrelevant.

regions play key roles in whether people convince others of their ideas. Perception is important in social
cognition too. The perception of someone’ s enthusiasm, or reputation, can make or break a deal.
Understanding how perception becomes intertwined with social decision making shows why successful

Iconoclasts create new opportunities in every area from artistic expression to technology to business. They
supply creativity and innovation not easily accomplished by committees. Rules aren’ t important to them.
Ieonoclasts face alienation and failure, but can also be a major asset to any organization. It is crucial for

Questions 23-26, Do the following statements agree with the claims of the writer in readmg passageV

(C) NOT GIVEN (if it is impossible to say what the writer thinks about this) -
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27. What is Brownian motion, describe it’s behavior
28. Kepler’s three laws

29. inertia

30.conservation of momentum

31. WLLAN
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Classical versus quantum mechanics
Historically, classical mechanics came first, while quantum mechanics is a comparatively recent

invention. Classical mechanics originated with Isaac Newton's laws of motion in Principia Mathematica;

Quantum Mechanics was discovered in the carly 20th century. Both are commonly held to constitute the
most certain knowledge that exists about physical nature. Classical mechanics has especially often been
viewed as a model for other so-called exact sciences. Essential in this respect is the relentless use of
mathematics in theories, as well as the decisive role played by experiment in generating and testing
them.

According to the correspondence principle, there is no contradiction or conflict between the two subjects,

cach simply pertains to specific situations. The correspondence principle states that the behavior of
systems described by quantum theories reproduces classical physics in the limit of large quantum
numbers. Quantum mechanics has superseded classical mechanics at the foundational level and is
indispensable for the explanation and prediction of processes at molecular and (sub)atomic level.
However, for macroscopic processes classical mechanics is able to solve problems which are
unmanageably difficult in quantum mechanics and hence remains useful and well used.

Relativistic versus Newtonian mechanics

In analogy to the distinction between quantum and classical mechanics, Einstein's general and special
theories of relativity have expanded the scope of Newton and Galileo's formulation of mechanics. The
differences between relativistic and Newtonian mechanics become significant and even dominant as the
velocity of a massive body approaches the speed of light. For instance, in Newtonian mechanics,
Newton's laws of motion specify that I = ma, whereas in Relativistic mechanics and Lorentz
transformations, which were first discovered by Hendrik Lorentz, F =y ma (v is the Lorentz factor,
which is almost equal to 1 for low speeds).

32. What had Newton written? And what is the Newtonian mechanics?
33.Why is the classical mechanics so-called exact sciences ?
34. Why is classical mechanics for macroscopic processes remaining useful and well used?

35. What is the differences between relativistic and Newtonian mechanics?




