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1. Solve the nonhomogeneous differential equation (10%)
] y'-2y'+y=eX+Xx
5L
2. Solve the nonhomogeneous differential equation (10%)
y"+y=secX
ir 3. Solve the system (10%)
le ‘X2+2X3:2
= Xy + 10%y -3x3 =5
-Xg + Xy + X3 = -3
10
4. Find the Fourier Series of the following function (10%)
f(x)=x4 (m<x<m , f (x4m) = (x)
T + 1 + 1 + = nt
5. Show that 22 62 102 et 32 . (15%)
5L Hint:
r x: variable, k and /: constants
L h (/l ; > X
i 6. Find the Laplace transform of the function (10%)
20 K
f(x)= FX (when0<x<9) , f(x+p) =1 (x)
| f(x) ’
k
St > X
O p 20 3p ]
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a) The following procedures is not a right approach to synthesize compound (II). Why? (¥ %)
ciocd2)-ocH,
HO—@-NHz — H2N‘QOCO-—©> OCH;3

NEt,

M
A S ot~ ro-n-{ H000— Yoo,

catalyst

n
b) Suggest another reasonable approach to synthesize (II), (10 %)

a) Predict the major product(s) from the mononitration of: (may have more.than one product)

b) Give an explanation for the above result (10 %).

Asign structures to each of the following, given the NMR spectra as jhown:

a) CsH; O, 8) 3.5 singlet; 1.2 singlet; 9.7 singlet (5 %)
b) C,CI3HO &) 9.1 singlet (5 %)

¢) BryCsHg 0) 3.6 singlet (5 %)

d) C, Hyg 8) 2.2 singlet (5 %)

a) Classify the following pairs of cyclopentane derivatives as structural isomers, diastereomers or

enantiomers (10 %)

'-““_

; E . H
b) Assign R and S configurations to the two structures given below (10 %)

CH
H VP CH» f

Br CHCl,

Given a mechanism for each of the following reactions:
v
a)  CH;COCI + H,C=C(OCH3), ——> CH;CCH,CCH;  (10%)

b) 0 o )(k/ CH;,
) SCHe ﬁ
CHs 9y L. CHy » mild base (B)  CH, H (10%)

2,H"

10
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L. Derive and define the ynit (SI system of units only, others ot acceptable) of the
foIIowing physical Properties from the original law, statement, Principle, etc.
Take , for example, the §f unit for the force F jg "N (Newton), and it jg defined
in the famous Newton's second law of motion, F = ma, where m i the magg and
a is the acceleration. Plegge femember to define 4] the symbols you use.

5 a) entropy, S
b) viscosity, n
¢)  surface tension, o
d) diffusion coefficient, D
e) refractive index, n
f) absorbance, A (used in the Spectroscopic Measurements)

8)  chemical Potential, y
h) therma] conductivity, k

10 2. Physical Sputtering deposition Process has beep 3 Very important and Popular
technique for the Preparation of met,] oxide or organic thin film", with
thickness down to sub-micrometer. These types of thin films are used in
numerous electronje and electro-optic devices. The Sputtering is 5 Process
whereby a target materig] (same as the thin film material) is bombarded by high-
€nergy ions whi-p liberate atomic or molecular Species from the target for

€position to form a thin film onto Substrate
a)  State the €nergy requirement for this type of bombardment and explain
Why [10001
15 b) In general, when an €nergy beam pagseg through a vacuum to the surface of
certain Materials, jt interacts with the atoms and molecules of the materia].
In terms of photochemistry and Spectroscopy, list aj the possible
cOnsequences of the various interactiong, [10%]

3. Liquid Crystals (LCs) are materials that attract much research attentions in recent
decades. Tt has been reported that both smalj molecules and Polymers can exjst
in the I.,C state; yet Special chemjca] Structures are required

20 a)  Describe the Physical picture about the LCs in the liquid phase and state

why. [10%]
b)  Describe the Tequirement of the chemica] Structures for [Cg for both smaj
molecules and polymers and State why. [10%]
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* You must choose 5 out of 6 questions. %

In a known stress field, only Oy, Oy, exist, where o =1cos8, o,=15inf. Please
find principal stress.  (20% )

2. 1f Von Mises theory is the yield criteria, and a material has tensile yield stress

00=100ksi, please find the o, to the yield when oy=oyand 5,=0. (2 OX )

3. The strain energy E=1/2(c; ii€i). Please expand it in terms of principal stress

when it is under plane stress condition. (2 07’ )

4. Calculate the total elongation § of a square bar of length ¢ and cross-sectional

area A which hangs vertically under its own weight. Assume that y is the
density of this material. (205 )

5. A thin circ lar steel plate of radius r and thickness t is subjected to inward radial

stress o uniformly distributed around its circumference. Determine the state of
stress on any element inside the plate and also the unit volume change of the
entire plate. (20% )

6. Inabody we find 5,,=50ksi, 6, =30kst, 1,,=20ksi, please find o + Oy, When x

rotates 30 degree to the new axis.x’; and y t & (2¢7%)
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10Kg of water (Cp =1cal/g°C)at g °Cis mixed with 2 K
°C) at -5 oC, The latent heat of ice is 8p cal/g.

nal temperatyre?

g of ice (Cp =0.5cal/g

(20%)
2. (a) Start from basjc defim’tions, derive the equation
Cp =Cy+[P+ (aU/BV)T](BV/aT)P .
(b) For an ideal gas, is Cp always larger than Cv? Explain it with the first Jay
of thermodynamics. (20%)

(@) Derive the equation [(9(G/T)/8(1/T)]P =H.
(b) For a reaction with 5 free

the entropy change AS, the v
the reaction,

energy change of AG, ex

plain how can You obtain
olume change AV ang

the enthalpy change AH of
(25%)




