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. Which is a linear differential equation? (1)y' =xyy', (2)y =r(0y+p(x),

(3)y =1(x,y)y, or (4)y =y*, where prime denotes differentiation with respect
to Xx.
2. Laplace transform of t is (1)s?, (2)1/s%, (3) 5, or (4)s*.

3. Which is wrong for Laplace transform? It is (1) a linear transformation, 2)a
transformation between polar and Cartesian coordinates, (3) a method to solve
ordinary differential equations, or (4) a method to solve integral equations.

4. An integrating factor of the differential equation ydx-xdy =0 is (1)x2, (2)1/x2,

(3) x, or (4)x>.

5. Which is wrong for Sturm-Liouville problems? They are (1) eigenvalue

f problems, (2) governed by ordinary equations having singular points, (3)

2 problems used to find properties of eigenfunctions, or (4) governed by
homogeneous linear ordinary differential equations. o

~ 6. Which is the criterion to examine the exaciness of an ordinary’ differential

equation  Mdx+Ndy=0, (1) aM/ax=aN/ay , (2) IM /By =8N dx

¥

(3)dM/dx =dN/dy, or (4) dM/dy =dN/dx.

IL 3t B AG2F 5 (waAR 43t 51 %)

d 1. (15%) Find a basis of eigenvectors and diagonalize the following matrix.

5 10 -10
10 5 =20
5 =5 -10

2. (10%) Evaluate the following integral. (Hint: the form under integral sign is
exact)

J}ffg) 3 yzdx + 6xydy
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(a) Find V(") for n=12K . (6%)
{b) For what values of nis V" =0 (5%)
(¢) Determine 7 so that v -(r”R) will vanish identically. (5%)

4. (10%) Let A and B be real numbers with A > B >0. Show that

-[r 1 do = b4
A+ Beos(8) VAR - B

I fAAERS (BAS5 50 #3125 5)

The following five problems do not require rigorous nor tedious mathematical

proof or derivations. However, you need to explain the reason behind your
answers clearly.

L. If 4 and B are both matrices, is the identity (4B)" = B"'A™" always true? Why
or why not?

2. Assuming vectorsy, v; and v; are.three 2 by 1 vectors, then when canyou
always find a set of coefficients ¢, and ¢, to satisfy to equality v = ¢+ c3v,
‘ for every possible v;.

3. Assuming that the Laplace transform for f{7) is F(s) and F(s) = G(s)e™. If the
inverse Laplace transform for G(s) is 2 known function g(1), what is )?

I} 4. If flY) is not a periodic function, then can you perform Fourter series
jﬂ expansion for this function. Why or why not?

b

‘; 5. If periodic function f{#) is already a known function of t, then from an
engineering point of view, what is the basic purpose for finding the Fourier
%? series representation for f{£). This is a puzzling question considering the fact
7

that a Tourier series representation of 1) typically consists of infinite number
of terms and thus scems to be much more complex to manipulate than the
original representation of fr).
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Thermodynamics: (65%)

1. (5%) What is the physical significance of the compressibility factor, and what is the principle of the
corresponding states?

2. (5%) How do we judge if an isolated chemical reactive system has completely reached its thermodynamic
equilibrium state?

3. {5%) If a system is interactive with its surroundings through the three mechanisms mass, heat and work
transfers. What are the possible mechanisms, which can cause the energy of a control volume to change,
and what are the possible mechanisms, which can cause the entropy of a control volume to change?

4.  (5%) A substance whose Joule-Thomson coefficient is negative is throttled to a lower pressure. During this
process, (select the correct statement)
(a) the temperature of the substance will increase,
(b) the temperature of the substance will decrease.
{c) the entropy of the substance will remain constant.
(d) the entropy of the substance will decrease.
(e) the enthalpy of the substance will decrease.

(5%) What is the enthalpy of formation? How does it differ from the enthalpy of combustion?

. 6. " (15%) Please derive the Carnot cycle efficiencies for the heat engines (or power plants), refrigerators, and
heat pumps between two thermal reservoirs T and T, (environmental temperature). In a heat engine or a
| heat pump, the high ternperature thermal reservoir is denoted as T, but in a refrigerator, the low temperature
i thermal reservoir is denoted as T. The environmental temperature is denoted as T, in all of the three
thermal systems. Use these three derived results to make a plot to denote the Camot cycle efficiencies of
the three types of devices in the same figure. In this figure, the ordinate coordinate could be the thermal
efficiency of a heat engine, the coefficient of performance of a refrigerator, or the coefficient of
performance of a heat pump, and the abscissa coordinate is dimensionless temperature T/T,. Please also
show the equations of the Carnot cycle efficiencies in terms of T/T, in this figure.

; 7. (10%) Derive relations for (a) Ah, (b) Ah, and (c) As of a gas that obeys the equation of state (P+a/V')v =
g RT for an isothermal process.

" 8. (15%, 3% each) For an ideal vapor-compression refrigeration cycle:

(a) Draw a T-s diagram. Describe each process for the cycle.

{b) How do you calculate heat and work for each process of the cycle?
{¢) Which process provides refrigeration effect?

(d) What is the COP for the refrigeration cycle?
! () Ifthe cycle is used as a heat pump, what is the COP?

i Heat Conduction and Radiation: (35%)

9. (5%) What is the basic law (name and equation) for heat conduction? Why there is a negative sign in the
i law? Define the thermal conductivity.

‘ 10.  (53%) What is the Lumped-Capacitance-Method (.CM)? When the LCM is valid?
1L (5%) ARFRERALOIALS T —RIAERRRERTLRRABEER 0 C A

s AEZBRE - : > Tk -
P12 (10%) REFHEBATL fin - GRETRR R excess ) e
5 temperature 8(x)=T(x)-T, » WHRKXHEL v X -

; (10%) sk fin Wy B3k BB g - A fin Ly —REF N RSN % g/
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1 (5%)
The viscosity of blood is to be determined from measurements of shear stress, T, and
rate of shearing strain, du/dy, obtained from a small blood sample tested in a suitable

viscometer. Based on the data given below determine if the blood is a Newtonian or a
non-Newtonian fluid. Explain how you arrived at your answer.

T (N/m%) 0,04 0.06 0.12 0.18 0.30 0.52 1.12 2.10
du/dy(s™) 2.25 4.50 11.25 225 45.0 90.0 225 450

2 (5% )

A layer of water flows down in an inclined fixed surface with the velocity profile

shown in the figure. Determine the magnitude and direction of the shearing stress that
the water exerts on the fixed surface for U= 3m/s and h=0.Im.

{viscosity of the water p=1.12 x 10 Ns/m®)

|

L 1 ~ Water

2
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! 3. Lo/ (H 3

I{ A rectangular gate that is 3 m wide is located in the vertical wall of a tank containing

% water as shown in the figure. It is desired to have the gate open automatically when
' the depth of water above the top of the gate reaches 10 m.

(2) What is the magnitude of the force on the gate when it opens?

{b) Derive the equation for the y coordinate, yg, of the resultant force

xc

y.A

Where I, is the second moment of area with respect tp an axis passing through the

Y = +y.

centroid and parallel to the axis.

. is the y coordinate of the centroid of the area.

{c) At what distance, d, should the frictivnless horizontal shaft be located?
Note: For the rectangular area, I, =(3m)x(4m)3/ 12. water density:lOOOkg/mS,
gravitational acceleration=9.8 m/s”.
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4. (&%)

Water flows past the hydrofoil shown in the figure with an upstream velocity of Vo. A
more advance analysis indicates that the maximum velocity of the water in the entire
flow field occurs at point B and is equal to 1.1 Vo. Calculate the velocity, Vo, at which
cavitation will begin if the atmospheric pressure is 101 kPa (abs) and the vapor
pressure of the water is 3.2 kPa (abs).

5. (S‘%)

The fluid velocity along the x-axis shown in the figure changes from 12 my/s at point A
j to 36 m/s at point B. It is also known that the velocity is a linear function of distance

| along the streamline. Determine the acceleration at point A, and C. Assume steady
4 flow.

(& 5

6. (L0%)
Five liters/s of water enters the rotor shown in the figure along the axis of rotation,
The cross-sectional area of each of the three nozzle exits normal to the relative
velocity is 18 mm?, and 8=30°. The rotor is held stationary.
{a) Calculate the water velocity at the nozzle exit (assume the velocity is uniform at
| the nozzle exit).
! {b) Calculate the torque required to hold the rotor stationary?
(water density=1000kg/m’, 1m*=1000 liter}

Nozzle exit area normal 1o
"‘ﬁQative velocily = 18 mm?

Q@ = 5 liters/s

L
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7. CLO%)

An incompressible viscous fluid is placed between two large pérallel plates as shown
in the figure. The bottom plate is fixed and the upper plate moves with a constant
velocity, U. Assume parallel flow (i.e. u=u(y} only), and zero pressure gradient.

{a) What is the differential equation that u(y) has to satisfy?

(b} What are the boundary conditions to solve for the differential equation in (a)?

{¢) Solve for the velocity distribution u(y).(in terms of U, b and v)

(d) Determine the volumetric dilatation rate, and the vorticity of the velocity
distribution.

i |

e— J =
——

3. (15%)

Please define and describe the physical significance of the followings
(a} Prandt] number, (b) Peclet number, (¢) Grashof number.

| g. (20%)

' Define : (a) Thermal Bounidary Layer, (b) Fully Developed Flow,

f (c) Turbulent Beundary Layer Thickness, {(d) Prandt] Mixing Length.
!

] 16, (15%)

A fluid flows between two large parallel plates. Please develop an expression for the
temperature distribution as a function of distance from the centerline between the
]

two plates under developed flow conditions. The temperature(T1) of the plates is
: lower than the temperature(T2) of the laminar flow.
A
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Please choose the correct answers for problem 1 to problem 3

Please be noted that the correct answers for each problem may be more than one

1. Which statements are correct? (11%)

(A) The displacement of a particle and the distance it travels on its path are not the same thing,

{B) Consider a planetary motion, as its eccentricity becomes smaller, an elliptical orbit becomes more
circular.

(C) Consider a body attached to a fixed point by a spring. When the spring is away from its
undeformed position, the work of the force exerted by the spring is negative.

(2) In an inelastic collision, kinetic energy is not conserved, but momentum is conserved.

(E) In a perfectly plastic collision between two bodies, the velocities of the bodies immediately after
the collision are equal to the velocity of the center of mass of the system.

(F) The linear momentum of a particle in a system of particles is affected by internal forces.

(i) A particle that moves with constant aceeleration is not in equilibrium,

(H) Suppose that two satellites are in the same circular orbit with satellite A leading satellite B by some
angle 0. Then satellite B must slow down rather than speedup if H wanls to catch satellite A

(I) When a 4-wheels driving automobile moves to right, the directions of friction forces at the wheels
are directed to right also.

(3) When a disk rolls without sliding on a rough surface, the magnitude of the friction force F may
bave any value as long as this value does not exceed 1N, where p, is the coetficient of static
triction & N is the magnitude of the normal force.

(K) Spring force is a conservative force, but friction force is a non-conservative force.

(L) None of the previous statements is correct.

2. Ifan automobile’s braking distance from 100 km/h is 60 m on level pavement, and it is assumed that
the total frictional force, Fyy, of the pavement on the tires has a constant value after the brakes are
applied. Then which statements are correct? (12%)

(A) The magnitude of the deceleration of the automobile is between 6 m/s® and 7 m/s,

(B) The value of Fy,/M is greater than 6 m/s® where M is the mass of the automobile,

(C) The same automobile’s braking distance from 100 km/h is less than 25 m when the automobile is
going up a 30° incline.

(D) The magnitude of the deceleration of the automobile in the statement (C) is greater than 13 m/s%,

(E) None of the previous statements is cotrect.

3. Aball is thrown from point A with an initial velocity vy of 18 m/s at an angle of 25° with the horizontal,
Let point B be the point of the trajectory described by the ball where the radius of curvature is equal to
three-quarters of its value at A. The air resistance can be neglected. Which staterments are correct?
(12%)

{A) The radius of curvature of the trajectory at point A is less than 33 m.
(B) The horizontal speed of the ball at point A is less than 15 m/s,

(C) The normal acceleration of the ball at point B is greater than 8 m/s>.
{D) The total speed of the ball at point B is greater than 13 m/s,

(E) None of the previous statements is correct.
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Please write details of your answers for problem 4 to problem 7

4. The 100-kg crale is supported by three cords, one of which is connected to a spring. (a} Determine the
tension in cords AC and AD and the stretch of the spring. (b) Determine the angle between cords 4¢"
and AD.  (15%)

3. The hoist supports the 125-kg engine. Determine the force in member DR and in the hydraulic cylinder
Hof member F8.  (15%) Problem 5

= dm . - 21

Problem 4

B . .'".‘ A
o KRS KNAD 1

- 2m .

t‘ . N

| 6. Determine the angular velocity of rod AB when 6=30°. The shaft and the center of the roller C move
i forward at a constant rate ¥ =5 m/s. (15%)
;
|
{

7. The lawn roller has a mass of 80 kg and a radius of gyration kg = 0.175 m. If it is pushed forward with a
force of 200 N when the handle is at 45°, determine its angular acceleration. The coefficients of static
and kinelic friction between the ground and the roller are Hs= 0.12 and py = 0.1, respectively. (20 o)
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Part I: To select the p'i'oper answer for following questions (5% for each)

12

<D

(1) Assume the stress tensor at a point is [o;j] = (MPa)

D ™A

4 0
0 0
1. () The principal stresses at this point is

(A) 0,=14; 0,=4and ;=0 MPa  (B) 0,=12,0,=06 and o, = 0 MPa

(C) 0,=18;0,=0and 0,=0 MPa (D) 0,=0;0,=—4and o,=—14 MPa
(E) None

2. () The maximum shear stress at this point is
(A) Ty =5.0MPa (B) 7, =7.0MPa (C) Tpax = 9.0 MPa
(D) 7., =-10 MPa (E)None

3. () The stress state at this point is

{(A) a pure bending stress state (B) a pure torsion stress state
(C) a pure transverse shear stress state (D) a plane stress state () None

4. () The von-Mises siress at this point is
(A) o'=5.75 MPa (B) 0'=10.22 MPa -
(€C) ¢'=12.49 MPq (D) o'=17.66 MPa (E)None

(2) 4 homogeneous plate ABCD is subjected to a biaxial loading which results in the
normal stress o, =150 MPa and o, =100 MPa. Knowing that the plate is made
of steel which E=200GPa and Poison’ ratio v =0.30.

iy
P
'f‘:'imm *V ll')Umma_‘
o~

5. () The change in length of edge AB is
(A) +7.5um (B) +10.8 um (C) +60.0um (D) +120um (E)None

6. ( ) The change in length of edge BC is
(A) +7.5um (B) +8.8 um (C) +104um (D) +20.6um (E) None

7. () The change in length of diagonal AC is
(A) +47.5um (B) +60.4 pm (C) +101.4um (D) +205.6um (E)None

*B3RE/ A
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(3) For the state of plane stress shown in following figwre (57 £ each )

10 MPa

8. ( ) The corresponding stress tensor is

50 400 50 40 0
(A) |40 10 0|(MPa) (B) |40 ~10 0|(MPa)
0 0 0 0 0 0

30 —-40 0 -30 40 0

(C) [-40 ~10 0|(MPa) (D) | 40 -10 0{(MPa) (E)None
0 0 0 0 0 0

9. ( ) The maximum principal stress is

(A) Ouy =700 MPa (B) o, =50.0 MPa (C) o, =40.0 MPa
(D) o, =300MPa (E) None

10.( ) The maximum shearing stress is

(A) T =700MPa (B) 7, =50.0 MPa (C) r,,_ =40.0 MPa
D) 7,,=300MPa (E) None

e

# 2R %2 H

g

N
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" PartIl: To answer the following problems:

1. The two bars are made of polystyrene, which has the stress-strain diagram shown.
Determine the cross-sectional area of each bar so that the bars rupture simultaneously when

the load P=3 kip. Assume that buckling does not occur. (20%)

p o (ksb)
- 4 ft ——e——-
& Y 2 o= e L
e =55 ;
e or !
i !
151 ey {
= “"compression !
3t 1o+ !
* i
i 4 i . 1
i : 5 k0 tension !
: \ H : ; i
. _f Q0 1 1 ] Lt .o
WA . 0 0.20 0.40 0.60 0.80 € (in.fin.)

2. A material has a stress-strain diagram that can be described by the curve o =ce’/?.
Determine the deflection & of the end of a rod made from this material if it has a length L,

cross-sectional area 4, and a specific weight y. (15%)

el
e

l L4 /
| ;
1 s
|

3. The 45° strain rosette is mounted on a machine element. Following readings are obtained

i fromeach gauge: 5, = 650(10°°), &= ~300(10°°), &, = 480(10°°). Determine

(a) the in-plane principal strains and (b) the maximum in-plane shear strain and associated

.; normal strain. In each case show the deformed element due to these strains. (15%)
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1. Consider a feedback control system. It is acknowledged that an increase of the
type number of open-loop system will improve the control accuracy but
deteriorate the control stability, Please discuss the reason(s) of above
statement.  20%

2, Itis known that the effect of hidden poles (of open-loop system) may worsen the
stability of a feedback control system when the control gain is improperly large.
Please discuss the reason(s) of above statement. 15%

3. Consider a unity-feedback control system whose open-loop transfer function is
written as K (; +30) - Please find the range of K that the
5+ (s +15)(s* +20s + 400)

closed-loop system is stable. 15%

L0015
4. Itis given a system whose transfer function is written as @g*—ﬂﬁe_.
§(s” + 205 + 400)

Please draw the Bode diagram of the system. 20%

5. Consider a unity-feedback control system, It is desired that the bandwidth of
the closed-loop control system is larger than 1000 rad/sec. Besides, the
damping ratio of the dominate closed-loop pole(s) is better than 0.4. Please
draw a possible polar plot of open-loop system that may result in a control
performance close to above requirements.  30%

%
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For a modeled 1-DOF system, (a) and {b) can be used to determine the equivalent mass () and spring constant
(k), respectively. The natural frequency of the system can then be writtrn as (¢). (12%)

The equations of motion of a vibrating system are usually in the form of a set of (a) equations for a lumped
system or called a (b) system.  And it is (¢) equations for a distributed system or called a (d) system. (3%)

List four commeon approaches, (a), (b), (c), and (d), that can be used to drive the equations of motion of a
vibrating system. (8%)

In dynamic systems, three common types of damping are (a), (b), and Hysteretic damping. The logarithmic
decrement represents the rate at which the (c) of a free-damped vibration decreases. And the addition of such
damping will (d) the natural frequency of the system. By measuring two consecutive displacement responses,
the (&) can be used to calculate the (£) of a free-damped system. (12%)

The natural frequency of a modeled 1-DOF spring-mass system is found to be 2 Hz.  When an additional mass
of 1 kg is added to the original mass m, the natural frequency is reduced to 1 Hz.  The mass m is (a} and the
spring constant is (b). (10%)

~ - E A (50%)

The four-wheeled vehicle shown slides down a steep slope with its rear wheels locked (not moving relative to
the body) and its front wheels rolling frecly. If M is the mass of the vehicle, / the normal distance from its
center of mass, G, to the ground, r the wheel radius, and 2¢ the distance between the axles. The angle of the
slopeis € and the coefficient of ftiction between the wheels and the ground is 2. The mass and moment of

inertia of each wheel about its axle may be neglected.

(a) Draw the free body diagram for this vehicle. (4%)

(b) List the equations of motion relative to an n-f coordinate system with ¢ parallel to and » normal to the
direction of motion as shown in the figure below. (Note: there are three equations of motion in this system.)
(6%)

(c) Find the acceleration of the vehicle. (10%)

(d) What is the largest value for the angle & at which the vehicle will not slide? (10%)
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7.

Two disks are initially spinning freely in the direction shown in the figure. The upper disk is made to descend
very slowly until it is & very small distance above the lower disk. It then is released and falls into contact with
the rim of the lower disk. (Assume that there is no rebound after the initial contact.)
(a) Determine the commeon rotation rate the disks ultimately attain due to sliding friction at the rim. (5%)
(b) Determine the elapsed time from the instant of release until the disks attain their common rotation speed.
{Assume that initially w ;> @2.) (5%)
(c) Derive an expression for the energy loss. (Note: AE=E, ., ~ B, ) {(5%)

(d) Identify which of the three answers (common anguiar speed, elapsed time, energy loss) would be the same if
the two disks were locked together instantaneously, rather than slipping) (5%)

Coefficient
of friction =p
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1. Locate the centroid of the area under the curve x =k’ from x=0 to x=a. (10%)
2. Calculate and plot the shear and moment diagrams for the beam loaded as shown.
(20%)

Figure P2

3. For link OA in the horizontal position showr, use principle of virtual work to
determine the force P on the sliding collar which will prevent OA from rotating
under the action of the couple M. Neglect the mass of the moving parts. (20%)

Figure P3

4. Determine the force exerted on the bolt by the bolt cutters and the magnitude of the
force the members exett on each other at the pin connection A. (15%)

Figure P4

iz
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5. As shown in Figure P35, the truss supports loads at N, P, and R. Determine the

axial forces in members IL and KM. (15%)

# 2R % >R

2ni | o Zm ¢
=M.

! ;
= i ]
! i | Z
| K M o g
im t ;
~J
Zm
TkN 2kN IkN
2m
2m
2m

e 6m t

Figure P5

6. As shown in Figure P6, the mass of the 3-m bar is 20 kg, and the coefficient of
static friction between the ends of the bar and the circular surface is g, =0.3.

What is the largest value of the angle ¢ for which the bar will not slip?(20%)

<!RA
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The steel rod ACB is attached to rigid supports as shown in Fi 8. 1. It is unstressed at a temperature of 25
steel is assumed to be elastoplastic with E = 200 GPa and yielding stress Oy
both portions of the rod is then raised to 150 °C, Knowing that ¢ = (11.7 x 10
both portions of the rod.20%, (b) the deflection of point C. 10%.

°C. The
=250 MPa. The temperature of
%} °C, determine (a) the stress in

A =500 mm® A = 300 mm?

|~—150 mm 4L—250 mm——|
Fig, 1

2. The composite shafi shown consists of a S-mm-thick brass jacket (brass’s G =
40-mm-diameter steel core (steel’s G = 77 GPa} as shown in Fig, 2. Knowing that the sh

N-m torque, T. Determine (a) the maximum shearing stress in the brass
stress in the steel core, 15 %

39 GPa) bonded to a
aft is subjected to a 600
jacket, 15% (b) the maximum shearing

: Brass jacket 5 mm

Flg 2 Steel core

3. For the beam and loading as shown in Fig.3, determine the reaction at the roller support.20%
Wy

Fig. 3 : L
4. A load P is supported at B by two rods of the same material and of the same cross-sectional area, A, and elastic
module, E, as shown in Fig, 4, Determine the horizontal deflection of point B. 20%
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—  (20%) : A
WA LENMARERA ? AL L AORD (HleEedE) o

= (20%)
HARRTRBAELEMEEET S AR TI40 » MG o

A (20%)
T B & — A X tensile stress - strain X AR FHI ¢
1 modulus of elasticity (Young’s modulus).

2 EREREI2Smm » LAFRARTZERAHREMT?

‘i T 500

7ol

—1 400

Stress (psi % 107
Stress {(MPa)

—1 100
10—

0 | i ] 0
0 0.10 0.20 0.20 0.40

Strain

® o (20%)
Frig s T E LM TR TH > AESR2EEMp)RE@n)  FHAUALREAET ?

Ground level

f
Earth
environment

)

A (20%)
¥ 27 49 —A&flip chip technique * T EHICHH » PCH » AAFZ R B ATHAR - R
WEEZMMEMOHMAEE S BEERENE?
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TR - BB B S0 2 EEE( 2 (10% ) _

2. SRR R MR L S T M EE
R0 - B E SR > e A 0
/AR - SRR (o) Ml 2 nER R

(o) BB AR (o) HEENWIEHE - (10%)

3 —EEENETEER D RREL - AR R -
-; (a) MBHETHOMBIES /S50 2 (b) MBS > (o) MLLTERTTES, -
| HEN TR EREREES D 2 (10%)

4, FERM—EER (mole) 7E0CK 1 ASEE (1atm, P=1.01x10° Ni®) F » B85
R 22471 (Liter) - 5808 (2) BEKENIREHER=? (b) H—HEges

20°C - BB 08 am > HEMBO6T MEESVEERE? (o) KRBHFE
HRZD 7 (10%)

5. SHEERERAIEEA 20°C AR Lam » (2) REBESSD ? HEmE
RO 2 5 - RELE (b) SRS - (0) SEDE - EERSH? (1) X
7 () SEIERENEESS0 7 (15%)

|6 —MEJEHTIIRE - RS Ro - MBS Q- BRI MR - KK (a)
i FEEREEA > BEPO TR (b) FERRBERTHIR » (o) 7ERRIBS R 2 EH - (15%)

7. —EATAREAS - IHREE A - B B QR - Q- (a) RE
BB E - (b) PMTIREFHZEE C (o) F—AETiRE AR
d=1mm > 3H IFEAR  RETHEA BEK? (c0=88510"Fm) (15%)

¢ 8 ZHERANERER - BEARENFEERCER - 38298 () SHERHER
; By - WHEHSAM IR ARG 2 (b) AMREE—ER - WEMHBEAE IR

| RAMAIERT ? (o) BRAEHEERINGE ? REUARER RGBT R E ?
! (15%)
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F1E  LEILR (BE2ALH mE4] 'YEENE
. H¥raibsasir XA AI(OH)3 34y NaOH B 8 #8% HF R4 24 BiF
A HpE ek ALO; 18 S ST s ’“ﬁ‘.’%’ b =B E K - (109% )
2. WWHEFASSFHHE PCPE-PMMA PP Bw&d (A RZARELES)
FIEFBRERT AL - THRMEHM - LRAKRE - (1096)
3. HEMLE R RAM- L8 a%zﬁimmz&mﬂi BB E R
& (10%)
4, HRAAHF R & B4 (electroless plating) A B H HE AEERH - (10%)
5 HaBteBATZeShzmgiiE (A) HSO, A H,80, (B) HIOQ, HCIO &
| HBrO (C) HCIO, HCIO,, HCIO;, HCIO,  (10% )
6. Calculate the concentrations of hydronoium ion (H;O") and hydroxide ion (OH) at 25°C in
| a. 0.15 M of HNO; and b. OOIOMofCa(OH)z(lo%)
i 7. Calculate the standard emf of the following voltaic cell at 25°C using standard electrode
! potentials. Zng|Zn’" 1y (10° M)j|lAg" g (107 M)|Agyy, where E%, = -0.76 V, E%, =-0.81 V
at 25°C. Note: Ey = Eooy’ — (0.0592/n)* log Q (109%6)
[J 8. O6NaNjys) + Fe 05 (59— 3NagOgs) + 2Fegyt 9Ny is the major method used in automobile
e air-bag system to generate gas. How many grams of sodium azide would be required to
; provide 75.0 L of nitrogen gas at 25°C and 748 mmHg? (10% )
‘ 9. The following process 2CH,COOH,;, +0,,, — 2HC,H,0,,, is reacted under pressure at

60°C. In lab., 20.0 g CH;COOH and 10.0 g O, were put into a reaction vessel.

a. How many grams of acetic acid can be produced by this reaction from these amounts of
reactants? (5%)

b.How many grams of the excess reactant remain after the reaction is complete? (5%)

WA N @ E B (surfactant) 2 T BT E H AR N B ET iﬁl}i’.»ﬂ;%;’& (10%)
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- W 2 0.05 BHULMITF 4 B LAAKZEHES 1500fs B4 A047E A 255 20 EE(b)RERAR - SRR

I AR A 2R (a) TG A B TR AR A A (0) T35 A 0.0006 M ABSET S RIBSVER 7 -
(20%)

- W] 3 MBI T EISER AR S 200N 15K TT - BT 50Kg - ilfE+7% (radius

of gyration)70mm - B (RB1L~=02 » =015 « FRWT-HELLES G AL LA Bt TR Fey
I © (20%)

- UG & - B OO MR T B b S R b - TERFIETE T - 126

R - EORABIIATEEINE S RO - (20%)

-+ UIALS > 200 o IbYEEAY 5 S F 55 £ T G HYSHER KC AT HB Bt « A TSR IR 0 E

Y ST - 20118 5 AR > KC 8 HB 3805 B 0 fEy g L 7 i « ﬁ%iﬁ%ﬁﬁ?f’ﬁ% 71 (20%)
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1. Describe the operation of the solid laser and state three major industrial laser applications. 20%

: 2. What are advantages and disadvantages of powder metallurgy? 30%

3. Describe briefly the principle of EDM and explain why graphite is gaining wide acceptance as an electrode
material? 20%

4. What is LIGA-like process? 10%

5. Describe briefly the principle of ECM and what are the characteristics of a good electrode tool? 20%






