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i, The residue at the singular point of the complex function flz)= is(A) 3

[-z

(B)-3 (C)y1 (D)1 (E)None.

2. Let C be the circle ‘z]=2 . described in the positive sense. The integral

iT§C tanzdz is(A}2 (B)-2 (C)4 (D)-4(E) Noune.
i

If cosz=2,then cosldz is(A)7 (B)19 (C)26 (Dy45 (E)None.

(53]

4. Which of the following is the solution of xzy”-i-x_v'+(x2—0.25)y:0‘?
(A) siny (B) xsinx (C) sinx/x (D) \/;sinx (E} (sinx)/x.
5. The differential equation x? Y+ 20+ A2x? y=0 can be transformed into the

Bessel equation: 522”+§z’+(.§27v2)2=0 by setling y(x)=z(&)/x

¢ =Ax. Whal is the value of v ? (A)0 (B)0.5 (C)1 (D)2 (E)None.

6. Evaluate the improper integral of jff . Which of the following is the value

At 4l
‘of the integral? (A) n/6 (B) w4 (O)n/2 (D)n  (E) None.
7. Evaluate the improper integral of IO i« Which of the following is the
(* 1

value of the integral? (A} n/6  (B) /4 (C) n/2 {(DYr (E) None.

8. Selection of the “best” members from a finite set of candidates is a very important
problem for many companies and represents a serious challenge for many
personnel directors.  Now, without very little knowledge of how to make a
selection from a group of 20 applicants, a personne] director decides to randomly
select ten applicants for employment.  What is the probability that the 10 selected

. include alt the 5 best applicants in the group of 207 (A} 0.0163 (B) 0.0136
(C)0.0234 (D)0.1422 (E) 0.0033

9. This problem considers the fimctions f{¢) = ¢ and xy=1for0 = ¢ = 1and /1)
=x{fy=0forr>1and ¢ <0 Find the compoenent of the form x(¢) coniained in
A0, In other words, find the optimum value of ¢ for cx{t) so that the error
between f¢) and cx(r) can be minimized. By noting that the error is defined as the
integral of (R¢) - ex(1))®, what is the optimum value of ¢? (A) 0.75 (B} 0.25
(C)033 (D)0.50 (E)0.60.

#H 10-12

The following figure is a solid elliptic cone. The center of the bottom surface

coincides with the origin of the reference coordinate syster.

mbh 7uibh Aubh
10. The volume of the solid elliptic cone is (A) ——, (B) , {C) -—2—,

2 mabh

(D) . (B) other than above.
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11. The area of the cross-sectional ellipse at z= 12 is (A) _7@42 (B)

b 2w
ilg— , (D} —%q— . (B) other than above.

12, The area of the lateral surface on the solid elfiptic cone is

1 @« 3 2 2 2 . 3 3 3 EE]
(A) 4—.[ \/(h‘+a‘cos'0+b’51n’9)(u‘cos‘0+b'sm'B)d@,

1 pr ] ] k) FIE] ] ) LI
(B} 5_[ \/(}z' +a cos &+ b7 sin” ) (a cos” @+ & sin” H)d B,

1 @ 7 5 3 7 . 2 3 ) y )
© 3 [V +a*cos’ 8+ b7sin? O)(a* cos’ 0+ b7 sin’ 0)d6,

2 @x 3 3 > 3 . 2 ) ) 7 . 2
{D) E-I: J(/z' +a cos @+ b sin” @)« cos” O+ b sin’” A)dB,

(E) other than above.

L 3tEAadts w40 5

1. The academy of astronomy declares that the pgravitational fields for [(our
unknown planels are as follows. Please justify il the gravitational ficlds on those
planets are conservative. (10%)

aplanet: x'i+y’j+ zk
B planet: ycosxyi-+ xcosxyj+sinzk
yplanet: »'i+z%j+)'k

8 planet: yzi+ xzj + xyk

2. 1fx (/) and ¥(r) are orthogonal, then show that the energy of the signal x(£) + ¥} is
identical to the energy of the signal x(r)—¥{t). Note that the energy for a signal

(1) is denoted as Epand is defined as {7%)
E, = J'fl(t)d:
3. (8%) Use two different approaches 1o determine the convolution integral
J@y=gty= [ f()gl-n)de
for flr) = e and g(1) = 21.
(15%)

4. Solve the initial-value problem
. - 2
?—Ii+ y@ = 2xn, Initial Condition: «{0, y)=py - p~.

Ox dy
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Thermodynamics: (65%)

1.

~

Explain the differences between Ideal Rankine eycle-and ideal Brayton cycle for power plant. Why do we usually
preter to use Rankine cycle rather than use Brayton cycle in generating electrical power? (5%)
Why are the symbols AU, AKE, APE used to dencte the energy change during a process, but the work and heat
transfer for the process represented, respectively, simply as W and Q and not as AW and AQ? (5%)
Please explain how to obtain the latent heat of a pure substance from the following measurable properties:
temperature, pressure, and specific volume at saturated states (you can use Clapeyron equation to explain it)?
(5%)

Explain the zeroth law, the first law, and the second law of thermodynmmes What arg the contribytions of above
* three laws, respectively? (5%)

What are the difference among heat engines, refrigerators, and heat pumps? What are their applications,
respectively? Discuss them from their working principles and derive their idea the¥mal efficiencies by usmg both
high thermal reservoir Ty and low thermal reservoir Tp? (10%)

The two power cyelgd shown to the same scale in the figure are composed of internally reversible processes.
Compare the net work developed by these cycles. Which cycle has the greater thermal efficiency? (5%)

T zI T 2 3
i 3 tl

A 1

8 S
A cerfain gas which ob?s Nobel-Abel-equation of state,

B=
v— b

where b is covolume coefficient, Please find the changes of enthalpy and entropy from state 1 to state 2 in terms
of measurable properties Cp, pressure, temperature, and specific velume. (15%)

For an ideal vapor-compression refrigetatton cycle. (15%)

(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?

(c} Which process provides refrigeration effect?

(d) What is the COP of the refrigeration cycle?

(e) Ifthe cycle is used as a heat pump, what is the COP?

Heat Conduction and Radiation: (35%)

9.

10,
11.

12

13.
14.
15.

Write down the heat conduction equation for a 2-I} unsieady non-uniform conductivity problem. (5%)
Define the fin effectiveness and the fin efficiency. (5%)

‘What is the Lumped-Capacitance-Method (LCM)? When the LCM method is valid? (5%)

Define the Biot number. What is the physical meaning of Biot number? (5%)

What are the methods for solving a Laplace equation for a 2-D conduction problem? (5%)

Which law is used to prescribe the thermal radiation? Write down the law. (5%)

Among four control surfaces A, B, C and D of the follbwing figure, which surfaces have heat flux and which
surface has highest heat flux? Isothermal lines are shown in the figure. (5%)
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(1.) For a uniform flow over a flat plate, plot the local heat transfur;:ocﬁ‘iciént a_iong the
plate  (ie. h-x) and discuss the shape of the curve that you have drawn. (10%)

(2) Define each of the following numbers, and state thar physical mterpremnan.l
(1) Prandtl number Pr (&%)
(2) Grashof number, Gr' (&%)

(3)7F @ &4 M B ¥ /3B oh (aminar flow)ii 5 6 M (RSN o 2 % $)

() 4738 B2 R # (thermaily fally developed How) ? (L4 )
() B £ R R T2 Nusselt number(Nw) & ¥ 2 < (/o %)
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{a} What is a fluid? i.e. give deﬁmtlon ofa ﬂuld'?

The relation of the rate of shearing strain and shearing stress for five materials are
described in the following figure.

(b) List the material(s) which can be classified as fluid?
(c) List the material(s) which can be classified as Newtonian fluid?

.
.

Rate of shearing strain

Shearing stress

) (12%) ,
The x and y components of a velocity ﬁeld are given by u=x)y, v=-xy.
(a) Determine the equation for the streamlines of this flow
(b) Draw the streamlines, in the x-y plane, which pass through the points (0,0), (1,1),
and (2,2). Indicate the flow directions on the streamlines

(¢} Determine the x and y components of the local acceleration at the point (2,2)
(d) Is the flow irrotational, or rotational? Explain.
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( 6 ) Consider mass conservation of a control volume dx x dy x dz in a fluid flow, derive
the continuity equation (i.. the differential equation for conservation of mass) C o %

(/) Consider the natural convection problem of a vertical plate with a size LxL, immersed
in a fluid. The heat transfer coefficient for natural convection, h, is a function of L, g,
B, (Ts-Tw), v, and a.
Where g=acceleration, B=coefficient of expansion, (Ts-T)=temperature difference,
v=kinematic viscosity, and o=thermal diffusivity C { ] % )
(a) What are the primary dimensions in the expressing the physical quantities?
(b) Apply the Buckingham = theorem, express the dimensionless heat transfer
coefficient (Nusselt number) in terms of dimensionless groups

5 A circular plate having a diameter of 300 mm is held perpendicular to an
axisymmetric horizontal jet of air having a velocity of 40 m/s and a diameter of 80
mm as shown in the figure below. A hole at the center of the plate results ina
discharge jet of air having a velocity of 40 m/s and a diameter of 20 mm. Determine
the horizontal component of force required to hold the plate stationary. The air has a

density of 1.23 kg/m?. (& % )

”F"ree.jJ T? Plale
<7 drea Jef
4
<40 W, | Y :

iB_ Bomm —p 40 M5
/
¢ 20 mm
/|
L
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Prob. #1 (10%)

Please list at least two reasons why can we simply adopt the
conventional (engineering) stress-strain diagram (curve) for
meials, instead of true stress strain diagram, in mechanical
design and applications.

Table 1
Prob. #2 (20%) o(ks) | e (infin)
Data taken from a stress-strain test are given in the Table 1. The 0 0
curve is linear between the origin and the first point. Plot the 32.0 0.0016
diagram, and determine the modulus of elasticity, modulus of 33.5 0.0018
resilience, and modulus of toughness. 40.0 0.0030
41.2 0.0050

Prob. #3 (20%)

(1) The principle of superposition is often used to determine the
stress or displacement at a point in a member when the
member is subjected to a complicated loading. Please answer
under what conditions the principle of superposition can be
applied. (10%)

(2) Determine the absolute maximum shear stress in the shaft as
shown in Fig.1 with both ends A and D fixed. (10%) Fig. 1

z

Prob. #4 (25 %) /L

The principal stresses acting at a point in a body are shown in ! [
Fig.2. Draw the three Mohr’s circles that describe this state of \
stress, and find the maximum in-plane shear stresses  and ) 4
assoctated average normal stresses for the x-y, y-z, and x-z s
planes. For each case, show the results on the element oriented in

the appropriate direction. Fig. 2

T ksi

Prob. #5 (25%)

The wooden beam (Fig. 3) has a rectangular cross section and is
used to support a load of 1200 Ib. If the allowable bending stress
IS Cauow = 2 ksi and the allowable shear stress is Ty, = 750 psi,
determine the height h of the cross section to the nearest 1/4 in.
if it is to be rectangular and have a width of b = 3 in. Assume the
supports at A and B only exert vertical reactions on the beam.
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[i] Multiple Choices Problem -
Please chose the correct answers for following 8 problems:
Please be noted that the answers for each problem may be more than one

(1) Consider the motion of a particle on an axis. Let x, v, & a are the displacement, velocity, and
acceleration of the particle, respectively, and t is the time. Then for the following 3 figures
shown, which statements are correct? (5%) +

+
| +

- Curve (1) Curve (111
Curve (I} '

(A) If curve (I) is a graph with ordinate a and abscissa x, then curve (I1) is a graph with
ordinate v and abscissa x.

(B)If curve (IT) is a graph with ordinate v and abscissa t, then curve (I11) is a graph with
ordinate x and abscissa .

(C)If curve (J1Y) is a graph with ordinate a and abscissa t, then curve (I} is a graph with
ordinate v and abscissa t.

(DYIf curve (IT0) is a graph with ordinate a and abscissa x, then curve (1) is a graph with
ordinate v and abscissa x.

(E) None of the previous statements is correct.

(2) Consider the kinernatics of particles, which statements are correct? (5%)
(A) The displacement of a particle and the distance it travels on its path are the same thing.

(B) The acceleration vector of a particle is perpendicular to the path of the particle.
* (C) The velocity vector of a particle is tangent to the path of the particle.
(D) The finite angular displacement and the angular velocity are vector quantities.

(E) None of the previous statements is correct.

(3) Consider the kinetics of particles, which statements are correct? (5%)
(A) A particle that subjected to constant external forces is in equilibrium.

(B) Any reference frame that translate relative to a Newtonian reference frame is itselfa
Newtonian reference frame.

(C) Newton’s second law, F = ma, is_only valid in a non-accelerating reference frame.

(D) For a particle P subjected to a force directed toward a fixed point O, the position vector r

from O to P sweeps out equal areas in equal times.

(E) None of the previous statements is correct.
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{4y Consider a mechanical system subjécted 1o several external forces and moves from the
configuration 1 to configuration 2. Let T; & T be the kinetic energy of the system
corresponding to configurations 1 & 2, respectively. Also, let V| & V, be the potential energy
of the system corresponding to configurations 1 & 2, respectively. ULt & Ul_zNC are the work
performed on the system by conservative and non-conservative forces, respectively, as the
system moves from the configuration 1 to configuration 2. Then, which statements are correct?
(5%}

(A) Us"+ U =Ta-Ty

B) Ups" =Va-V,.

(C) U2 =0& U0, then T, + V=T + V>

(D) IFU;.C # 0& U0, then Ty + V) + U o =T, + Vs,

(E) None of the previous statements is correct.

(5) Consider the momentum principles, which statements are correct? (5%)
{A) The linear momentum of a particle in a system of particles is not affected by internal
forces. '

(B) In an isolated system, linear momentum is conserved.

(C) If the moment of momentum of a particle with respect to an arbitrary point ( is conserved,
the net force on the particle must be zero.

(D) The sum of the moments, about any point Q, of the external forces that act on a system of
particles is equal to the time rate of change of the moment of momentum relative to Q if
Q has constant velocity relative to a Newtonian frame.

(E) None of the previous statements is correct.

(6) Consider the differential equation of motion for a vibrating SDOF (Single Degree Of Freedom)
system: A¥ -+ B+ Cx = F(f). Then, which statements are incorrect? (5%)
" (AYThe constant C is the effective damping constant of the system.

(B)The constant A is the effective mass of the systerh.

(C) Because there is only one coordinate needed to describe the SDOF system, the system
must translate.

(D)The Bx term in a vibrating system acts io return the system 1o its static equilibrinm
position.

(E) All of the previous statements is carrect.

{7} In the mechanism shown in RHS figure, crank OA rotates
clockwise with a conztant angular speed of 180rad/s,
Link AB is pinned at A, and its other end is constrained
to move on the inclined guide CD. _

Then, which statements are correct? {10%)
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(A) The distance between the instantaneous center of rotation and point A is 400mm.
{B) The speed at point A is 27000m/s. )

(C) The link AB rotates counterclockwise.

(DY The veloeity of point B is 33750mmy/s directed toward to point D.

(E) None of the previous statements is correct.

(8) A sphere , a cylinder and a hoop , each having the same mass .
& the same radius , are released from rest on an incline with
rough surface. After they have rolled without slipping through

a distance corresponding to a change in elevation h,which

statements are correct? {10%)

{A) The instanianeous center of rotation is located at the centroid G.

{B) The friction force does no work.

(C)If k is the radius of gyration with respect to a perpendicular axis through the mass center G,
then the larger the value of k, the smaller the velocity of the body.

(D)) The hoop attains the smallest velocity

(E) None of the previous statements is correct.

fii] A golf ball, dropped iﬁ a vacuum from a height of 3 m onto a horizontal floor, bounces to the
height of 2 m. The time that elapses during this displacement is 1.48 s. Calculate the time [s]
that the ball remains in contact with the floor (g = 9.81 m/s’) {10%)

[iii] The two-bar mechanism consists of a lever arm
AB and smooth link CI>, which has a fixed collar

at its end C and a roller at the other end D.
Determine the force P needed to hold the lever in
“the position 6. The spring has a stiffness % and
unsireiched length 2L. The roller contacts either
the top or bottom portion of the horizontal guide.

(20%)

[iv] The tractor shovel carries a 500-kg load of soil, | ./ RSN » ﬁ
having a center of gravity at G. Compute the forces | | —sm=-gid L
developed in the hydraulic cylinders [J and BC due - = [ ‘i' . 'm"‘__"’
10 this loading. (20%) ‘ B i 300
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1. (10% )(a).Please draw the constant damping-ratio loci for ¢ = 0.1, 0.5, and 0.9,
and draw the constant natural frequency loci for w, = 0.1, 0.5, and 0.9 on the
s-plane,

(10%)(b).Please draw the desived region for { =0.6,and — ¢ @, < — 2 onthe
s-plane, .

(10%)(c). What is the meaning of the factor, e"¥“**  in the solution of the
standard second-order system of C(s) = {w,/(s*+ 2 ¢ W+ @ )IR(S), where Rs)

is the unit-step input, and C(s) is the output..

2. An MATLAB M-file program to achieve the open-loop response and negative
unity-feedback closed-loop response for a servomotor control system is shown as

follows:

%Pletting open-loop response and closed-loop response
Ko=24/pi; %Ko is a ratio for transfer an angle to a voltage
Gl _num=[6e-4]; Gl _den=[1.08e-5 B8.33e-5 0]; %6e-4 means 6 - {10}°*
Gl=t£({Gl_num, @Gl_den); %tf() means transfer function

n=1/10; %n is the gear ratioc for motor to lcad
Gs=Ko*Gl*n

Hs=t£f(1,1);

%plot the open-loop response

sys_open=0s;

step{sys_open)

gtext { 'open-locp-output')

held

%plot the closed-loop response

sys_closed=feedback({@s,Hs);

stéb(sys_closad)

gtext ('closed-loop-output')

grid

title{'unit-step response of a 2nd-order servomotor system®)
xlabel (' Time, sec')

ylabel ('theta,rad,*)

hold

(10%)(a). Please write down the closed-loop transfer function.

(10 %)(b). Please compute the 2% settling time,
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© 3.(15%)Discuss the advantages and disadvantages of controller design based on
the frequency response of the system, which is to be controlled.

4.Consider a dynamic system G(s), whose Bode diagram is shown below.
This system will be controlied by a unit feedback scheme as indicated.
Please answer the following questions.
(10%)(a).Write down the possible transfer function of the dynamic system.
(15%)(b)lDe,s§gn or choose a proper controller C(s) so that the bandwidth of

 the closed-loop system can be higher than 20 Hz.

(10% )(c).In your viewpoing, can you further increase the bandwidth up to 106
Hz? Why? | ' |

.. Magnitude, dB 1

_phase, deg

Frequency (rad/sec}

:,f' Cis) |——pi Gis) »




R F LWRSA+ZFFERALRERE SRR
wa: A AN 2 (HKIAAA) s irel s

1. The wheel of radius r rolls to the left without slipping and at the instant, the
center Q has a velocity Vg and an acceleration dg to the left. Determine the
acceleration of poinis A and C on the wheel for the instant considered.(25%)

2. Ameltal hoop with a radius r = 150mm is released from rest on the 20 degrees
incline. If the coefficients of static and kinetic friction are 0.15 and 0.12,
determine the angular acceleration of the hoop. (25%)

3, Bach of the two disks has a weight of 10 Ib. The axle AB weighs 3 Ib. If the
assembly is rotating about the z axis at ,=6 rad/s, determine its angular
momenturn about the z axis and its kinetic energy. The disks roll without slipping.
(25%)

4. The lightweight turbine consists of a rotor which is powered from a torque
applied at its center. At the instant the rotor is horizontal it has an angnlar
velocity of 15 rad/s and angular acceleration of 8 rad/s®. Determine the internal
normal force, shear force, and moment at a section through A. Assame the rotor

is a 50-m-long slender rod, having-a mass of 3kg/m. (25%)
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(1) A harmonic motion has an amplitude of 0.05 m and a frequency of 10 Hz,
The period is: (a) 0.05 sec; (b) 0.1 sec; (c) 0.2 sec; (d) 0.5 sec; () 1 sec.

(2} InProblem (1), the maximum acceleration is:
(a) 39.48 m/s?, (b) 78.96 mis?, (c) 157.91 mis* (d) 19739 mis?, () 394.79 mis*.

{3) The maximum amplitude and the maximum acceleration of the foundation of a centrifugal pump wer2
found tobe 1, =025mm and %, =04g for its harmonic oscillation. The operating speed of the pump>

is about: (a) 5 rpm; (b) 10 rpm; (c) 15 rpm; (d) 20 rpm; (e) 40 rpm.

{(4) Anindustrial press is mounted on a rubber pad to isolate it from its foundation. If the rubber pad is
compressed 5 mm by the self-weight of the press, the natural frequency of the system is about:
(a) 3 Hz; (b) 4 Hz; (¢) 5 Hz; (d) 6Hz; (e) 7 Hz.

(5) The natural frequency of a 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 to1 Hz. The mass m is:
(2) 0.33 kg; (b) 0.66 kg; (c) 1.32 kg; (ct) 1.65 kg; (e) 1.98 kg.

(6) The spring constant k in Problem (5) is:
(a) 12.57 N/m; (b) 22.68 N/m; (c) 52.64 N/m; (d) 75.42 N/m; {e) 100.56 N/m.

Pulley, mass
moment of
inertia J,

x(1)

(7) The equivalent spring constant of the pulley system shown in Fig. 1 by neglecting the friction and
the masses of the pulleys is: (a) k/4 (b) k/2; (c) k; (d) 2k; (e) 4k.

(8) InFig.1, the natural frequency of the pulley system is:

(a) Vkiam; (b) Vk/2m () kim;(d) V2kim;(e) akim.

(9) The kinetic energy of the system shown in Fig. 2, is: '

i A 1 Jy .2, 1 2. 1 Jyoua. 1 2.
(a) E(m_+ﬁ)x2’.(b) §(m+—;;92—)x2,(c) —2~(m+16J0r2)x2,(d) E(m+r—gx ;{e) 5(m+J0)x ;

(10) The natural frequency of the system shown in Fig. 2, is:
| & | 16k

b2 . ket . I i’ - (d .
(a) \/lﬁmr2+.]0 ’(b) \(mr2+410 '(C) er’zi-.]u '( ) er2+16Jn ’(e) er2+.lﬂ
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(1) Draw a top (F&#) spinning with certain precession on the ground. Explain briefly and label

the spin, precession, and nutation velocities of the top. (15%)

(2) Define a simple multiple-degree-of-freedom problem in djmamics and use Lagrange’s equation
to obtain the solution. (20%)

(3) Explain the use of instant centers in the sfudy of planar and spatial kinematics. (15%)
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1. For the mechanism and data given, Ti3= 50in-lb, W,;=16.11b, W;=32.2b,
determine:
(a) the cam torque, T,, and
(b) the forces on the frame at points A and C (F; and Fy)).
Assume that there is friction between the cam and follower only, £ =0.13,

(25%)

AC. . =84in
AG =1.61n
BG2 =30in
T GG =406in

Fig. P1

2. (a) What is the principle of virtual work? (10%)
(b) Under what conditions you can apply the principle of virtual work? (15%)

3. (a) What are scalars and vectors? (B3%)
(b) What are stable, unstable and neutral equilibrium of force systems? (8%)

"

4. A system consists of a force T acting at the origin O and a couple MY, where
F = 3i+6j+2k (N) and M = 14i+7§+7k (N - m)

If you represent it by a wrench consisting of the force ¥ and a paralle! couple ML,
(a) determine M, and (b) determine where the line of action F intersccts x-z plane.

(15%)
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5. Determine the reaction at the support O and the tension T in the wire AB. (Fig. r4)
(12%)

Fig. P4

6. Three blocks of equal weight W are connected, as shown in Fig. P5.  Two of them
are resting on horizontal planes of the same height. For the position of impending
slipping, determine the coefficient of friction u between the block and the
horizontal planes (12%)

Fig. P5
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