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1. Please find the general solutions for the following equations: (5% for each one)

a. xy"-xy'+ty = Inx
b. y"+y = 4x+10sinx

c. xy'+(1+x)y = exp(-x)
d. (I+x)y'+2xylny = 0
e. (3x+y-2)y'-(2x+2y+1) = 0

2. Please solve the following partial differential equation:(10%)

Fu, Fu_ ; oy Oup o - -
Ef“a? 0 with u(0,y) uo,ml,ﬂ 0;u(x,0)=0,u(x,b)=£(x)

3. For function f(x) =0 at-1 <x<Oand f(x)=1at0<x<1,
"a. What 1s its Fourier series expansion ?
b. What are the values of the Fourier series computed in (a) at x = -0.5, 0, and 0.5, respectively, for the

summation to be infinite number of terms 7 (10%)

4. The temperature distribution in a solid plate is given as T(x,y)=5+2x’+y’. Please determine the direction of

heat conduction at point (2,4). (10%)

5. For the numerical integration of function f(x) from x=a to x=b, what is the Simpson's 1/3 method ? Please
also estimate its error term and express the result in terms of a, b, the grid spacing, and the derivative of

function f{x). (15%)

6. Waste water with concentration for pollutant of C is treated in a continuous stirred tank reactor (CSTR),
where the concentration is uniformly distributed within the reactor, with volume of V, the input and output
volume flow rate of Q. The CSTR is shown in the following figure. In the CSTR, the pollutant reacts
according to -kC?. Please find the time required to reduce the effluent concentration to 1/4 of the initial

value with and without the effects of chemical reaction. (15%)

Volume =V
i
co’ﬁn; etoe?;

7. A chemical spill occurs in a still lake and the chemical is transported downward by diffasion. Please
compute the vertical concentration distribution of the chemical within the lake as a function of time and
distance from the surface. Assume that there is no chemical reaction, the concentration of the chemical on

the surface is constant and that the lake is so deep that the change in concentration is still far from the
bottom of lake. (15%)
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Thermodynamics

Problem 1 (20%)

Describe briefly the following energy systems: (a) the

combined cycle (b) fuel cell, (c¢) batteries, and (d) the
cogeneration.

Problem 2 (20%)

The power required to operate a steady-state compressor is

! 3.56 Kw. Air enters the compressor at 1 bar and 300 K at a
rate of 1 kg/min and leaves at 7 bars and 500 K. Determine
(a) the rate of heat transfer, in kJ/h, (b) the entropy
change of the air, in Kj/(min K), and (c) the entropy change
of the environment which receives the heat transferred at
288 K, in kJ/(min K). (d) Is the process reversible,
irreversible, or impossible?

problem 3 (20%)

At what temperature, will CO be 10% of the total moles of

products if CO is burned with the stoichiometric amount of
O, at 2-atm pressure?

Problem 4 (20%)

(a) Derive the expression c, - ¢, = -T(pvﬁ&Tf}aP/av)T. (b)
At 500 K the values of v,@ ,, and K, for solid copper are
7.115 mL/gmol, 54.2 x 10 'K, and 0.837 x 107 cm?/N,

| respectively. Determine the value of c, - ¢, in J/gmol C.

(6= (1/v)(2V/2T),, K, = ~(1/V)(3V/oP),)"
Problem 5 (20%)

A Carnot heat engine receive 90 kJ from a reservoir at 900
K. It rejects heat to the environment at 300 K. One-fifth
of its work output is used to derive a Carnot refrigerator.
The refrigerator rejects 60 kJ to the environment at 300 K.
Find (a) the work output of the heat engine, (b) the
efficiency of the heat engine, (c) the temperature of the
low-temperature reservoir for the refrigerator, and (d) the
coefficient of performance (COP) of the refrigerator.
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1. Translate IwWOo of the foliowing passages into CHINESE: 10%

1. The principal thesis of positivism is that there is a precise
criterion by which all significant discourse may be accurately
distinguished from meaningless discourse, and Lthat according Lo
this criterion most of whalt has passed for philosophy in the past
is sirictly senseless.

2. When Lhinygs have the name in common and the definition of being
which corresponds to tLthe pame is the same, they are called
synonymous. Thus, for example, bolth a man and an ox are animals.
Each of Lhese is called, by a common name, an animal, and the
definition of .being is alsu Lhe same; for if one is to give the
definition of each -~ whal being an animal is for each of them -
one will give Lthe same definition.

3. All men by nature desire to have knowledge. An indication ‘of
this is the delight that we take in the senses: quite apart- from
Lhe use that we mwake of them, we take delight in them for their
own sake, and more Lhan of any olther this is true of the sense of
sight.

IX. Translate OUNE of Lhe follouwing passages into ENGLISH: 10%
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IIXI. Composition: 30% .
Choose ONE of the topics 1listed below and write an ofrganized
essay.

1. What is your opinion about the relationship between aesthetics
and ethics? Be sure Lo support your explanation with specific
reasons.

2: What is your opinion aboylL Lhe relationship between nature and
culture? Be sure to support your explanation with specific
reasons.






