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1. (10%) For a porous medium (Fig. 1), determine the range of the “effective” thermal conductivity (ker).

(¢: Volume fraction of fluid, &s: Solid thermal conductivity, and kz. Fluid thermal conductivity.)

2. (10%) A steam pipe is wrapped with insulation of inner and outer radii, r; and ro, respectively. Ata
particular instant, the temperature distribution in the insulation is known to be of the form .

T(r) = C, In({—) +C, (Cand C; are constants.)

(a) (4%) Are the conditions steady-state or transient?
(b) (6%) How do the heat flux and heat rate vary with radius?

3. (10%) A thin electrical heater is attached to a plate and backed by insulation, as shown in Fig. 2. The

heater and plate are initially at the temperature of the ambient air, Te. Suddenly, the power of the

heater is activated, yielding a constant heat flux, g¢ at the inner surface of the plate.

(a) (7%) Sketch, as functions of x, and label the temperature distributions: initial, steady-state, and at
two intermediate times.

(b) (3%) Sketch the temperature at the outer surface, T(L, t), as a function of time.

Electrical

heater _P_late

Insulation—+-7,

4. (20%) Derive the temperature distribution and fin efficiency for a pin fin, as shown in Fig. 3, with
adiabatic boundary at x=L. The pin base temperature (x=0) is T5. (Write down your assumption and

derivation in detail.)
— Fluid, T,
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(20%) For a heat transfer problem, the energy equation can be simplified and expressed as % = g

non-dimensionally, and the boundary and initial conditions are % (0,£) =0, % (L,t) =0forall t =

0, and 8(x,0) = cos zTnx. Solve the non-dimensional temperature 6.

(15%) In a two-dimensional cylindrical configuration, the radial (Ar) and angular (A¢g) spacings of
the nodes are uniform. The inner boundary at r = r; is of uniform temperature T;. The boundaries in
the radial direction are adiabatic (insulated) and exposed to surface convection (T, k), as illustrated
in Fig. 4. Derive the finite-difference equations for (i) node 1, (ii) node 2, and (iii) node 3.

Ar

Uniform
temperature
surface, 7

Fig. 4

(15%) A thin rod of diameter D, shown in Fig. 5, is initially in equilibrium with its surroundings, a
large vacuum enclosure at temperature Ty,,. Suddenly, an electrical current 7 (Ampere) is passed
through the rod having an electrical resistivity p, (€2 - m) and emissivity €. Other pertinent
thermophysical properties are identified in Fig. 5. Derive the transient, finite-difference equation for

node m. (P.S.: The resistance R = p, i; [: Length, A: Area
A g

le—Ax—>le—Ax—» €

Cenl_ymemi]

Tm Lpu P G, k

Fig. 5
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1. (15%) Determine by direct integration the location of the centroid of a parabolic spandrel.

2. (20%) A worker slowly moves a 50-kg crate to the left along a loading dock by applying a force P
at corner B as shown. Knowing that the crate starts to tip about the edge E of the loading dock when
a = 200 mm, determine (a) the coefficient of Kinetic friction between the crate and the loading
dock, (b) the corresponding magnitude P of the force.
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3. (15%) A thin plate of the shape (A square plate of side b) indicated and of mass m is suspended

from two springs as shown. If spring 2 breaks, determine the acceleration at that instant (a) of

Point A, (b) of Point B.

4. (15%) Linkage DBEF is part of a windshield wiper mechanism, where points O, /' and D are fixed
pinned connections. At the position shown, @ = 60° and link EB is horizontal. Knowing that link EF]
has a counterclockwise angular velocity of 4 rad/s at the instant shown, determine the angular
velocity of links EB and DB.
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5. (15%) A 30-kg block rests on top of a 20-kg block supported by, but not attached to, a spring of
constant 40 N/m. The upper block is suddenly removed. Determine (a) the maximum speed reached
by the 20-kg block, (b) the maximum height reached by the 20-kg block.

6. (20%) A projectile enters a resisting medium at x = 0 with an initial velocity vo = 270 m/s and travels
100 mm before coming to rest. Assuming that the velocity of the projectile is defined by the relation v
= wy - kx, where v is expressed in m/s and x is in m, determine (a) the initial acceleration of the
projectile, (b) the time required for the projectile to penetrate 97.5 mm into the resisting medium.
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Prob. #1 (20 %)
AR FU T XME (RBE)
(a) Draw the general state of plane stress at a point. (4 %)
(b) What’s the difference between normal and shear strain? (4 %)
(c) Anisotropic material. (2 %)
(d) Axially loaded bar. (2 %)
(e) Factor of safety. (2 %) (3FA1A AKX 389)
(f) How to define thin wall? (2 %)
(g) What’s the benefit of using Mohr’s circle? (2 %)
(h) Statically determinate problem. (2 %)

Prob. #2 (20 % )

Draw the shear and moment diagrams for the following beams. (3% F ¥ E MM L EAHME - £ 1
V-EM-Diagram » R343R A o biZ R R EE 6932 ) B s — 1l — 5 > o E55 AE)

#R Beams F.B.D.
21 2L
(5%) : ¥ ) —l l, 11 T YR “‘“E
4m ~—2m 2 kKN 10 kN
3)
(5%)
2 m 4[ 2 m ' i. e | . ‘:‘ mescnsinS P s .‘
120 Th/ft '5-,25? Ib 1
594 A mjﬂf{ ;1 fl T B DESNROUOU; | ' S|
Gl | el .
- S 3 _____,__,_l 2401 45010
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Prob. #3 (30 %)

The assembly consists of two posts 4B and CD each made from material 1 having a modulus of
elasticity of E1 and a cross-sectional area Aj, and a central post made from material 2 having a
modulus of elasticity E> and cross-sectional area 42. If a load P is applied to the rigid cap, determine
the force in each material. ( 3% /£ & '@ Free body diagram - Equilibrium equations 2A &

Compatibility#f s 8 & BAR =~ dH &)

Figure 1 Prob. #3

Prob. #4 (30 %)

The member shown in Figure 2(a) having a rectangular cross section is designed to resist a moment
of 50 N - m. In order to increase its strength and rigidity, the engineer is planning to add two small
ribs at its bottom, Figure 2(b). Is this a good idea? Answer this question by determining and comparing
the maximum normal stress in the member for both cases.

Figure 2 Prob. #4
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1. Find the general solution of the first-order ODE: (2x* + y*)dx — 3xy%dy = 0. (10%)

2. Given a system of ODE: y; = y; + 2y, + e** — 2t, y; = =y, + 1 + ¢, y,(0) = 14, y,(0) = —4.
(a) Represent it as a vector equation y' = Ay + g. (5%)

(b) Find the eigenvalues and eigenvectors of A. (5%)

(c) Find the general solution of the system. (5%)

(d) Find the particular solution. (5%)

3. Using Laplace transforms, find the current i;(t) and i,(t) in the following figure, where
v(t) = 390 cos(t) and i;(0) = i,(0) = 0.

40 80
VWA—1—AW
|~ TN

880

ult)

2H 4 H

(a) Set up the model. (5%)
(b) Find I;(s) and I,(s). (10%)
(c) Find i;(t) and i,(t). (5%)

4. Let
2 1 3 s 3 0
A 2 H 41, B 3 | 0
1 2 2 0 0 2
i I 3
C=|-2 2| a=[~1 -2 0], b=|~-1]
2 O l

Calculate the following expressions or give reasons why they are undeﬁncd
(a) BA - 2B)" (5%)
(b) BA-2B)"aT (5%)

5. Find an eigenbasis and perform diagonalization on the following matrix. (10%)
=l 22 6

8 2 §
=8 20 16
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6.Leta=[4,7,0],b=[3,-1,5],¢=[-6,2,0],and d = [1, -2, 8]. Find the angle between a and c.
Between b and d. (10%)

7. Calculate this line integral by Stokes’s theorem for the given F and C. Assume the Cartesian
coordma‘{es to be right-handed and the z-component of the surface normal to be nonnegative.
F =10, z%, 0], C the boundary curve of the cylinder x*+y?*=1,x 20,y =2 0,0<z < 1 (10%)

8. Solve y"' + w®y = r(t) , where || #£0, 1, 2, ---. r(t) is 2n-periodic and
r(t) = 3t% (-n < t < m). (10%)
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L

% = (s+21)2’ where R(s) and Y(s) stand for the input and the

output, respectively. Define r(t) = L7{R(s)} and y(t) = L7{Y(s)}, where £ represents the

Laplace transform operator.

(1) (10%) If r(t) = 2cos (t + 6) and y(t) = Acos (t + 45°), obtain values of fand 4.

(2) (20%) Given a unit step input, it is known that y(2) = 2 + e~2 and y(0) = 4. Determine y(t)
using the inverse Laplace transform approach without solving differential equations.

A transfer function G(s) is given as

Consider a unity feedback system with plant transfer function
1
Gl = (s +2)2(s + 10)
and a proportional controller K, which is a positive gain.
(1) (10%) The control objective is 2% settling time of the dominant poles needs to be 4 sec. Find the
value of K to meet this requirement.
(2) (10%) The control objective is damping ratio of the dominate poles is equal to 0.707. Design the
value of X in order to reach this goal.

. (26%) With r(?) as the input and y(¢) as the output, this problem considers a linear system that can be

represented by ¥(s) = (s+2)e”"R(s) where R(s) and Y(s) are the Laplace transforms of r(¢) and w0,
respectively. With 7(f) = cos2t, it is known that the steady-state response of this system can be
represented as 4cos(as - 7). Based on such information, please determine 4, o, and T,

(24%) This problem considers six transfer functions G1 = 1/(s+1), G2 =2/(s+2), G3 = 1/(s*+s+1), G4
=3/(s™5+3), G5 = 2/(s*+35+2), and G6 = (s+10)/((s>+s+10). Their step responses (A1, A2, ....., A6)
are amplitude spectra (B1, B2, ....., B6) are given in the figures shown in the following pages. Please
pair each of the transfer functions to one of the step responses and one of the amplitude spectra. (That
is, if you think Al is the step response of G1 and B1 is the amplitude spectrum of G1, write your

answer for G1 as G1-A1-B1. Please present your answers in this way for all the six transfer functions
considered in this problem.
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1.Please explain the physical meanings of following things:

(a) Principle of transmissibility (5%)
(b) Rigid body (5%)

(c) Moment of inertia (5%)

(d) Centroids (5%)

(e) Center of gravity (5%)

(f) Force couple (5%)

(g)Virtual work (5%)

2. What conditions are required for a three-dimensional rigid body in equilibrium? (10%)

3. %o B — 7 7~ (Figure 1)
Please find the forces on AB, AC, and BC. The pin and roller supporters are at A and C, respectively.
Neglect the weight of all objects (15%)

B

3m

L,_‘ i -

Bl — (Figure1)

4. Yo B =75~ (Figure 2)

A T-shaped frame is held in static equilibrium by a pin support at A and cable BC at B. The frame is
loaded with a distrusted load, a point load (60 kN) and couple (55kN.m)

(a) Please find the equilibrium force for the distributed load and its distance from pin A. (5%)

(b) Plot the free body diagram of T-shaped frame. (5%)

(c) Find the tension force in cable BC and at pin A. (10%)

60 kN

| 3

55N - m

J"“E n-

B — (Figure2)
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5. 4w & = Fr = (Figure 3)

weight of all objects. (20%)

Determine 6 and the tension in the spring, which correspond to the equilibrium position of the spring.
The unstretched length of spring is h and the constant of the spring is k. The pin and roller supporters are
at A and C, respectively. The point load P works on B with the downward direction and neglect the

L/

'y

§
N

i
L

w51

¥ i\ P

AN

B = (Figure3)
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1. Asshown in Figure 1, a ball is thrown so that the motion is defined by the equations x = 3¢ and

y =2+ 6t - 37, where x and y are expressed in meters and  is expressed in seconds. Determine (a) the

velocity at = 2s, (b) the horizontal distance the ball travels before hitting the ground. (20%)

B
~ ——

—

Figure 1.

2. In Figure 2, as the truck shown begins to back up with a constant acceleration of 0.6 m/s?, the outer
section B of its boom starts to retract with a constant acceleration of 0.24 m/s? relative to the truck.
Determine (a) the acceleration of section B, (b) the velocity of section B when 1 = 4 s. (20%)

7

“ _.‘;ff\;’&@ﬂ

Figure 2.

3. Two rods AB and DE are connected as shown in Figure 3. Knowing that Point B moves downward
with a velocity of 500 mm/s, determine (a) the angular velocity of each rod, (b) the velocity of Point
E. (20%)
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~ 200mm

e ~ 200mm
A("/::/ \_)E = k
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Figure 3.
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4. A beam AB of length L and mass M is supported by two cables as shown in Figure 4. If cable BD

breaks, determine at that instant the tension in the remaining cable as a function of its initial angular
orientation @ . (20%)

i A
N\
/ N
[N v
f . .}

Figure 4.

5. As shown in Figure 5, a 1-kg block A is pushed up against a spring compressing it a distance x. The
block is then released from rest and slides down the 20 incline until it strikes a 1-kg sphere B which
is suspended from a 1-m inextensible rope. The spring constant k =800 N/m, the coefficient of]
friction between A and the ground is 0.2, the distance A slides from the unstretched length of the
spring d =1.5 m and the coefficient of restitution between A and B is 0.8. Knowing the tension in the
rope is 20 N when = 20", determine initial compression x of the spring. (20%)

Figure 5.
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1. Please read the following article and answer the questlon below:

LIDAR, short for light detection and ranging, is a remote-sensing method that measures distances
between objects through the use of pulsed laser light. The systems help autonomous vehicles
maneuver. They’re used in airports to monitor the flow of passengers in real-time, and by
manufacturers to monitor supply chains. As the global pandemic continues, some manufacturers are
realizing they can repurpose their LIDAR systems for monitoring employee distancing. For
manufacturers, there is no remote work option. As they reopen in the face of COVID-19, they need
to take extra precautions, including remote temperature sensing.

The CyLab researchers developed an algorithm to measure forehead temperatures on multiple
faces. They fused data returned from multiple sensors and data sources, including thermal and visual,
to find the desired accuracy. The new system reduces false negative and false positive detection
results. It also self-calibrates its own measurements to include factors of distance and ambient

temperature.
Please translate the following terms into Chinese (3% for each)

(A)remote-sensing (F) precautions

(B) real-time (G) algorithm

(C) manufacturers (H) fused data

(D) global pandemic (I) false negative

(E) employee (J) ambient temperature

Translate the following two sentences into Chinese: (10% for each)

(A)IoT and digitization are not new, but [ will say COVID-19 has accelerated that trend, it’s making
a lot of equipment manufacturers realize they need that connection.

(B) The machine data collected allows the firm to provide preventive maintenance. Local service
teams can deliver the right spare part at the right time for faster fault resolution, saving costs
associated with breakdowns and production loss.

Read the following article and fill in the correct “preposition” (7-4433) (3% for each)

The global supply chain is a finely tuned machine, funneling components _ (A) across the globe
to manufacturers who assemble them into finished products. It’s built _(B) a foundation of lean
manufacturing principles, and when it works, it provides high quality parts _(C) the lowest costs.
In early 2020, that finely tuned machine ground to halt. Countries temporarily shut down factories
and other business in order _(D) limit the spread (E) COVID-19, leaving manufacturers (F) the
rest of the world without adequate stockpiles of components and other materials.

The global shutdown put the spotlight on China, the country first affected _(G) the coronavirus
and where the great bulk of the world’s goods are manufactured. China accounts _(H) a whopping
35 percent of global manufacturing output, according to consulting and research firm McKinsey
Global Institute. When China stopped working to contain the virus, the shutdown cascaded across the
world. _(I) _instance, production of critical medical and personal protective equipment, which has

been concentrated in Chinese factories, petered out or stopped altogether, leaving health care workers
dealing (J) shortages.

Translate the following two sentences into English: (10% for each)
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