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1. Bonding energy of crystal (20%)
Below 24.5K, Ne is a crystalline solid with FCC structure. The interatomic interaction

energy per atom can be written as

6 12
E(l'):~2r[14.45(£) 4!2.I3(£) ] (eV/atom)
r 3

where ¢ and o are constants that depend on the polarizability, the mean dipole moment. and the extent
of overlap of core electrons. For crystalline Ne, & = 3.121 x 10} eVand o = 0.274 nm.

Show that the equilibrium separation between the atoms in an inert gas crystal is given by
7, = (1.090)c . What is the equilibrium interatomic separation in the Ne crystal?

a

b, Find the bonding energy per atom in solid Ne.

¢ Calculate the density of solid Ne (atomic mass = 20.18).

(a) Show that the equilibrium separation between the atoms in an inert gas crystal is
given by 1,~1.090c. What is the equilibrium interatomic separation in the Ne
crystal?

(b) Find the bonding energy per atom in solid Ne.

(c) Calculate the density of solid Ne (atomic mass=20.18)

(d) Find the elastic modulus of Ne crystal.

: 1|d’E
<note>: elastic modulus: ¥ =—|—
r, | dr B

2. Photon and Photon Flux (15%)

4. Consider a 1 kW AM radio transmitter at 700 kHz. Calculate the number of photons emitted fro-

m the antenna per second.

. The average intensity of sunlight on Earth's surface is about 1 kW m”, The maximum intensity is

at a wavelength around 800 nm. Assuming that all the photons have an 800 nm wavelength,
calculate the number of photons ariving on Earth's surface per unit time per unit area. What is
the magnitude of the electric field in the sunlight?

. Suppose that a solar cell device can convert each sunlight photon into an electron, which can then
gi\;: rise to an external current. What is the maximum current that can be supplied per unit area
(m®) of this solar cell device?

<note>: the energy of one photon is Ephoton=hv
where h=6.63*107* Js, v is frequency




[image: image2.jpg]3. Phase diagram(25%)
As shown in following figure, consider 1 kg of an aluminum casting alloy with

10wt

% silicon.

(a) Upon cooling, at what temperature would the first solid appear?
(b) What is the first solid phase, and what is its composition?

(c) At what temperature will the alloy completely solidify?

(d) How much proeutectic phase will be found in the microstructure?
() How is the silicon distribution in the microstructure at 576°C?

«
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4. Composite materials (20%)

Weight percentage

silicon

(a) Calculate the composite elastic modulus for polyster reinforced with 60 vol%
E-glass under isostrain conditions.

(b) Calculate the thermal conductivity parallel to continuous, reinforced fiber in a
composite with 60 vol% E-glass in a matrix of polyester.

<note>:

Elastic Thermal conductivity(W/mK)
modulus(MPa)
E-glass 72.4%10° 097
Polyester 6.9*10° 0.17





[image: image3.jpg]. Diffraction by X-ray and electron beam (20%)

Diffraction studies on a polycrystalline Al sample using X rays gives the smallest
diffraction angle 260 of 29.5° corresponding to diffraction from the (1,1,1) planes.
The lattice parameter a of Al (FCC) is 0.405 nm.

(a) There is a famous model-“Bragg’s condition” for X ray diffraction. Please
explain it.

(b) If we wish to obtain the same diffraction pattern (same angle) using an
electron beam, what should be the voltage needed to accelerate the electron
beam?

<note>: Note that the ineterplanar separation d for plane (h,k,I) and the lattice
parameter a for cubic crystals are related by d = a/[h>+k*+%]'2
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Find the general solution of the following differential equations; 30%
(a)[2x-(y/x)]dx- Inx dy =0

(b)X’y”+3xy’+y=0

(©)y”’-3y’+2y=xe*

Solve the integral equation of YD) =t+ f)y(r) sin(t—7)dr? 20%

3 4
Let A= 0 2 6 find the eigenvalues and eigenvectors of A ? 15%

0 0 )
Use the Green’s theorem to calculate t‘]EF ‘dF ? The curve is oriented

counterclockwise. Where /' = Zle = xf ,and C is the circle of radius 4 about

(13). 15%
Find the eigenvalues and eigenfunctions of the Sturm-Liouville problem
yHy=0 ,y(0)=0, y(m)=0 20%
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1.(a).What are the different and relation between engineering and true definition for stress and strain?

(b).Explain why that, at small strains both the engineering and true strains are either can be used in

calculation. However, for the large strains encountered in metalworking just the true strains should be

used only?

(c).Draw the true stress and strain curve on the figure.1 for a material, which following data taken from a

steel tension test specimen: Ap= 0.056in’, A= 0.016in’, £,= 2in, with elongation in 2in.= 49%.and the

load/extension data as shown below in table.1. (C)

Load P(/) |Extension Afin
1600 0 :
2500 0.02 - e
3000 0.08 =
3600 0.20
4200 0.40
4500 0.60 = e
4600(max.) 0.86 = 8
3300(fracture) | 0.98 -
i " Bs )= A‘ 6:0%6,
o O (Mu)=/-753
'
200000 st ‘
150000 H
100000 £ -
[y e !
50000 :
asee-
L;,MPD) 5
Lpgrt®
2 05 1.0 li2s3 L5
L(qjy}). T o DT
1 (a0l FIGURE-1

[ Denote the data of vertical and horizontal coordinates for each point which you
plotted, and construct the & - € curve by connecting those points on this figure.]





[image: image6.jpg]2.A turning operation with cutting forces F.=4000/ and trust forces Fi=2000/ which are measured by a
suitable dynamometer, and the rack angle of tool is @ =6". Please answer the following questions;
(a).The coefficient of friction between the tool and chip interface = ? the friction angle §=?
(b).What is the quantities for the friction force Fp= ? ,the normal force Fx=?

(c).Based on the assumption the minimized cutting force or shear plane with maximum shear stress
analysis(Eugene Merchant.1945),what is the optimum shear angle ¢ should be chosen. :
(d).According above results to draw a schematic circle(drawing scalar :1000N=20mm) to illustrate force

diagram showing geometric relationships among F., Fi, Fx, Fg, Fus, Fs, R, @, Band ¢ .
[ Note: Resultant force acting on the chip : R= Fy+ Fg (normal force+friction force)
Resultant force against to the tool : R”= F¢+ Fy (cutting force+ trust force)
Resultant force occur in shear plane : R’= F, + F,(shear force in shear+ normal force to shear) ]





[image: image7.jpg]3.(a).As the shown in figure.2.Show that, for a perfectly plastic material with a yield stress ¥, and under

i ]
frictionless conditions, the pressure p in direct extrusion is: p = YIn[AiJ
L :

[ Hint: Take use of the work for deformation “w”, and the concept of specific energy “u”, as well as

the extrusion ratio “R” to prove it. ]
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(b). Take reference of direct extrusion to produce a solid cross section product
Draw the schematic for each to illustrate the processing of

(1). Direct extrusion to produce a hollow cross section product.

(2). Indirect extrusion to produce a solid cross section product.

(3). Indirect extrusion to produce a hollow cross section product. :
[ Notice: Describe the direction of friction force and the place of main friction force occurring interfaceé1

the more clearer the batter. ]

(5 Bxtrusion ‘215 L v

R @ Extyusin P "-@%fT :
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4.Show the schematic illustration and describe the process steps for each Rapid-Prototyping operations of
(a).Stereo-lithography-SLA. (b). Fused Deposition Modeling-FDM. (c). Selective Laser Sintering- SLS.
(d).Solid Ground Curing-SGC. !
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5.(a).Explain what is LIGA technology.
(b). Please show the schematic illustration and describe the process steps for the main LIGA
micro-fabrication (Involve the primary production of metal final product or mold insert and the use of
the mold insert for replication.).
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1. State the meaning of (a) the critical point and (b) the triple point of a pure
substance. (10%)

2. Explain the definition of the zeroth law of thermodynamics. (10%)

3. Consider a piston/cylinder system filled with compressed gas, the initial pressure
is 200 kPa, and the initial volume of the gas is 0.04m’. If the piston is expanded
under the expression PV'? = const. The final volume is 0.1 m’. Find the work
done by the system. (20%)

4. A cylinder fitted with a piston has an initial volume of 0.1 m’ and contains
nitrogen at 150 kPa, 25°C. The piston is moved, compressing the nitrogen until the
pressure is 1 MPa and the temperature is 150°C. During this compression process
heat is transferred from the nitrogen, and the work done on the nitrogen is 20 kJ.
Determine the amount of the heat transfer. Given: gas constant R = 0.2968 kJ/(kge
K) and C, = 0.745 kJ/(kge K) for nitrogen. (20%)

5. Steam at 0.6MPa and 200°C enters an insulated nozzle with a velocity of 50 m/s.
It leaves at a pressure of 0.15 MPa and a velocity of 600 m/s. Determine the
quality if the final state is saturated. Given: h;=2850.1 kJ/kg, (h),=467.1 kJ/kg,
(hg)2=2693.54 kl/kg. (20%)

6. Sketch a simple steam power plant that operates on the Rankine cycle and also
show its process on a T-S diagram. Write down the definition of thermal efficiency

N (10%)

7. For a pure substance, we have the following relation
h=h(TP), dg = -sdT+vdP and Tds=dh-vdP
Prove the equation
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1. Write the state space model for the following dynamic system with
state vector x()=[g, ¢, ¢, ¢,] and input vector u(t)=[u, u,].
(15%)

ZI - gy B

il =g

Al 2]

k;

k 3

Fa F—a
2. Consider the following system:
0D 1
©W)=| 0 -2 1 x0+|0fu@), yO= 1 k).

1 0 =1 1

(a) Show the system is completely state controllable and completely
observable. (10%)
(b)Find the transfer function. (5%)
3. A system described the following equations:
21 4
x0)=10 2 0|x(@)
gedn]

Find the state transition matrix e”? (15%)
4. For the system x(¢) = Ax(¢), please derive the Lyapunov’s stability
criterion. (15%)

5. Given the open-loop system G(s)= 2t

S(s+3)(s+5)”
controller so that the closed-loop eigenvalues -20, -20, -20. (20%)

6. Please explain the meaning of the following:

(a) Optimal control (4%)

(b) Robust control (4%)

(c) Adaptive control (4%)

(d) Sliding mode control (4%)

(e) Fuzzy control (4%)

design a feedback




