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. (30%) s
By definition, the function u(#a) is-0 for ¢ < g, has a jump of size / at
t=a,andis / fort>a.
Please find the Laplace transform for the function shown below

J) = sin(2)u(t-1)

2. (20%)
Given an equation as below
y” + 3y’ + 2y = 2f{(t),
with y(0)=1.5, and a force function f{(t) given in figure 1,
please find y(t) in the range 0=<t=<1. (Explicit form is required)

£(t)
1
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3.

4.

Let A=

S ™ own
o O QO
1

0
3
2

Find (1) the eigenvalues, (2) the corresponding eigenvectors of the matrix A, and

(3) the matrix P, matrix P’ and the diagonal matrix D such that P"'AP=D.
(25%)

Let f= f, —i'+f2 ]+f3 k be a vector ﬁqld where f; = fi(x, y, 2), 2= fa(x, ¥, z), and
fi=fi(x, y, 2), and ¢=¢(x,y,2) be a scalar field. Prove that (1)div (curlf) =0
(10%) and (2)V- (D =F- Vo +¢V-f (15%) ° :
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1. For the mechanical system shown below.
(a) Obtain the differential equations describing the system. (10%)
(b) Using Cramer’s rule to solve the transfer function
G(s)=Y(s)/F(s). (15%)

kj2

M,

7,0
2. For the signal-flow-graph shown below, find the transfer function
- T(Y=Y(5)/R(s). (25%)

G(9)

1 Gy(s)

R(s)
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3. Sketch the general shape of the root locus for each of the plots shown below.(20%)
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a. # & % 48 closed-loop poles S=-1£jy§ KA %2 k=7 e==? (10%) (R¢s)= E’; )

b. MBHAHME Gls) » RHMRARNRER L e K105 > BEFH
ARG YRERIE - 2K & #1469 closed-loop poles S=? % 44 %
# k=7 (20%)
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(15%)

2. ZoRRIERHETEESK R (1-1000m)_ EFISEERRERITHEL(ER - Ere
ke NBIZOR R STR SRR PR E R EAM R R S E
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(10%)
3. :
(a) Define the modulus of elasticity (Young’s modulus) for a metal. (5%)

(b) Define the yield strength for a metal or alloy as used in engineering design. (5%

(c) How is the yield strength (0.2 percent offset) determined from the engineering
stress-strain diagram? (5%)

(d) What is meant by toughness? How does ixt differ from strength? q (10%)
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4‘ Please draw the setup of the electrochemical machining (ECM) process and d;zscribe
the principle of operation. (10%)

5. Please draw the setup of the electro-discharge chemical machining (EDM) process
and describe the principle of operation. (10%)

6, Please describe the definitions of surface roughness below and the principle of
operation of optical interference microscope for the measurement of - surface
roughness. (20%)

(a) Arithmeric Mean Value (R,)
(b) Root-Mean-Square Roughness (RMS)
(c¢) Maximum Roughness Height (R,

7. In IC fabrication, photolithography is a main step to define the dimension of
transistors. Please describe the process of pattern transfer by photolithography. (10%)




2 | ms 2

B

%@ligﬁﬂ‘&k% R B
100 S4B -L A EMEIERE SR Pa  pans

1. A thermo gate consists of a 6061-T6-aluminum plate 4B and an
Am-1004-T61-magnesium plate CD, each having a width of 15 mm and fixed
supported at their ends. (a) If the gap between them is [.5 mm when the
temperature is 1 =25%C , determine the temperature required to just close the
gap. (b) Also, what is the axial force in each plate if the temperature
becomes 7, = 100°C ? Assuming bending or buckling will not occur. The Young’s

modulus and coefficient of thermal expansion for both materials are as follows:
E, =68.9GPa , ay=24x10"°/°C for aluminum

E,, =44.1GPa a,,, =26x107°/°C for magnesium [25%]
10 mm lO mm
' D
e T R e o
< 600 mm le 400 mm
A 1.5 mm

2. The material distorts into the dashed position shown. Determine (a) the average

normal strains &,, &, and the shear strain y,, at 4, and (b) the average normal

strain along line 4D.  [25%]
Y

C

H
25 mm

B

100 mm

Al——80 mm — F
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3. A cantilever beam AB carrying two concentrated loads P (Fig.3) has a rectangular cross section of
width b and height h. (a) Determine the reaction for the beam. (b) Construct the shear-force and
bending-moment diagrams for the beam. (¢) Determine the maximum bending and transverse shear

stress in the beam. (259%)

Fig.3

4. Due to the applied loading, the element at point A on the outer surface of solid cylinder in Fig.4 is
subjected to the state of stress. (a) Make a sketch for the view of stress of element A and show the
values of the stress. (b) Determine the principal stresses acting at element A.- (¢) Determine the

maximum in-plane shear stress at element A. (25%)

T= 11,775 Nomn

P =37,680 N.»

Fig.4
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1. A floating cube with side w sinks / in the water as shown in the figure. A) What is
the weight of the floating cube? (10%), (B) If the cube has a specific gravity of 0.8,
then what will be the depth I ? (10%), (C) Will / be different if the cube is solid or
hollow inside? In Wthh case [ is larger? Sohd or hollow‘7(5%) (The spemﬁc weight

of water is y,)

2. Referring to the figure, (A) What do you think are at A and C? (B) What do you
think is at B? (C) Beyond D, complete the physical setup that could yield the EGL
and HGL shown. (D) What other information is revealed by the EGL and HGL?
Specify two. (25%) (EGL: Energy Grade Line; HGL: Hydraulic Grade Line) ~

EGL

EGL
(HGL -~ R

————Pe e - —_——ee P ?
7 S AR e

Pipe A Pipe . B Pipe ¢ -
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3 As shown in Fig.3 at the entrance to a 3-ft-wide chanrnel the velocity distribution is uniform
with a velocity V.  Further downstream the velocity profile is given by u = 4y - 2y*, where u is
in f/s and y is in ft. Determine the value of V. (25%) ’

*
f

|
f i :
0.75 1t oLy u=4y-2y*
i,

- wq-—a—._-—}.—--l_

P —

Figure 3

4. The velocity potential for a certain inviscid flow field is
. O =-3xy~y’)
Where @ has the units of ft*/s when x and y are in feet. Determine the pressure difference (in
psi) between the points (1,2) and (4,4), where the coordinates are in feet, if the fluid is water and
the elevation changes are negligible. (25%)



