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1. The functions

, x’ whenx>0
»=x> ad y,=

-x* whenx<0
are two linearly independent solutions of the differential equation

dy__iid_y yzo for all x.
dx® xdx x?

(a) Find the Wronskian of y, and y,. (5%)
(b) Does the result of (a) contradict the linear independence of ¥, and y,? Why? (10%)

2. We have the equation

2
|
for the Fourier transform of the second derivative of J(x). The condition f(x)—» 0 for

x — too may be relaxed slightly. Find the least restrictive condition for the above equation

to hold. (10%)

3. Don‘t need to show vour solution procedures, just give your answer only.

(a) What is the directional derivative of S(x,,2) =2x% +3y% + 22 at the point
y p

P: (2, 1, 3) in the direction of the vector d =7 -2k 2(5 %)

(b) What is the unit normal vector of the cone of revolution 2= 4(x? +y?) at

the point P: (1, 0, 2) 2(5 %)

(c) Evaluate [[(7x7 —zk)eAdA over §: x? +y?+z2 =4 by the divergence
s

theorem.(5 %)

4. Don‘t need to show your solution procedures, just give your answer only.

(a) Any real square matrix 4 can be written as the sum of a symmetric R and a

skew-symmetric matrix S. Now 4 is given as below, what are R and S ?

3 -4 -]
A=l6 0 -1 (5 %)
-3 13 -4

(b) What are the eigenvalues and corresponding eigenvectors of a matrix

4= Plys oy
b a "

(F 344 8,3k )
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5. Suppose £(¢) satisfies the difference-differential equation
fd([ﬁ+f(;)—f(zf1)=o, t20,

and the initial condition, £ ()=£(), -1<ts0, where f(¢) is given. Show that the
Laplace transform () of £ (¢) satisfies

£,(0) e’ 0 g
+ ! dt.
l+s-¢7f 1+s—c"""lt3 b

Find 7£(t), 20, when f(£)=1. Check the result. (13%)

F(s)=

6. Apply Cauchy’s theorem to (z)=¢? using the contour (' consisting of the boundary
of the sector formed from the positive real axis, the arc |zl =R, 0<@8<n/4, and the line

through the origin making an angle /4 with the real axis. Let £ -  to show that

J:Si“ xdy = .[0.' cosx’dy = fn/8.

[You may assume J'je"zdx =71 (12%)

7. Please find solution of the following partial differential equation:

Viu=0 (0<x<a,0<y<b)

u(x,0) = u(x,b)= 0 (0<x<a)

u(0,y)=0 O<y<d)

u(a,y)=T (0<y<b) (15%)

8. Consider the regular Sturm-Liouville problem on [0, 1]:
Y'+Ay=0; y(0)=0, 2y(1)+y'(1)=0

Discuss cases on A. (10%)
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Bl. At a given instant, the cylinder has an angular velocity @ and angular acceleration a.

Derive the velocity and acceleration of its center if it rolls without slipping.
(10%)

B2. The wheel weighs 40 1b, and has a radius of gyration R = 0.6 ft about its mass center
G. 1t is subjected to a clockwise couple moment 150 Ib-ft and rolls from rest
without slipping. The spring has a stiffness k and is initially unstretched when the
couple moment is applied. Determine the smallest stiffness k so that the angular

velocity of the wheel will not exceed 6.5 rad/s after its center moves 0.5 ft.
(25%)

B3. The ball of mass m must be struck by the horizontal force P, Determine the height h

so that no frictional force develops between it and the table at A. ( Io = 2mr¥/5 )
(15%)
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Al. (a) What is the "conservative force"?(5%)
MbD)IfF is a conservative force, show that
VxF=0, wWhere V=0/ami+@Iaj+@/ak, and i, j,
and k are unit vectors along x, 'y, and z
axes, respectively.(10%)

A2. The crate has a mass of 1000 kg and rests
on a surface, as shown ip Fig.2, for
which the coefficients of static and
kKinetic friction are Hs=0.4 andpu,=0.3,
respectively. If the motor M supplies a
cable force of F=(60t2+100)N, where t is
in second, determine the power that
must be supplied to the motor when
t=10 sec. The motor has an efficiency
€=0.8. (20%)

A3. The 200-kg roller-coaster car starts from
rest on the track, as shown in Fig.3,
having the shape of a cylindrical helix.
If the helix descends 4 m for every one
revolution, determine the time required
for the car to attain a speed of 20 m/s.
Neglect friction and the size of the
car.(15%)
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1. Define the following terminologies: (25%)
(a) Safety factor.
(b) von Mises stress.
(c) Endurance limit.
(d) Miner's rule.
(e) Soderberg and modified Goodman criterion.

2. A ball bearing is subjected to a radial load of 770N for 2.15x109 revolutions.
(a) What value of dynamic load rating should be used to enter the bearing catalog?
(7%)
(b) The bore diameter is 25mm. Select suitable ball bearing from the following
ball bearings. (6%)

*Bearing Number* *Dynamic Load Rating (C)*

6004 7200N
6005 8650N
6006 10200N
6204 9800N
6205 10800N
6206 15000N
6304 12200N

3. Design a single disk clutch to transmit 100N-m. of torque at 750 rpm using a
molded lining with a maximum pressure of 1.0Mpa and the coefficient of friction
p=0.25. Assume uniform wear.

(a) Find the outside and inside diameters (do and d;) required if d; = 0.577d,, (6%)
(b) What is the actuating force? (6%)
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4 . For a single bracket-welded to the face of a column,
the fillet welds required. Use the E70xx electrodes
(Su=58ksi, Sy=32 ksi). According to the AISC Code, the permissible stress for shear should be
<0.4Sy, and for bending <0.6Sy, Weld size should be specified in the increment of 1/16".
Calculate the final safety factor of your design based on the distortion energy theory. (30%)

as shown in the figure, determine the size of
(Su=70ksi, Sy=57 ksi) and AISI 1018 steel

A

w
42.5k”| 45*

10"

{"eL

5, A machine uses a pair of concentric helical compression springs to support a dynamic ioad of 0 to
2.25kN. Both springs are made of steel and have the same length when loaded and when unloaded.
The outer spring has D=45 mm, d= 8mm, N= §; the inner spring D=25mm, d=5mm, and N= 10.
Calculate the deflection, and also the maximum stress in each spring, If the working frequency
should be at least 20 times the natural frequency of the spring, what is the minimum working
frequency the combined springs can be used for? (20%)
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1. A fluid flows at a velocity V' through a horizontal pipe of diameter D . An
orifice plate containing a hole of diameter d is placed in the pipe. It is
desired to investigate the pressure drop, ap, across the plate. Assume that

Ap =f(D,d, p,V)
where p is the fluid density. Determine a suitable set of pi terms. (15%)

2. A soft drink with the properties of 10 °C water ( p = 999.7 kg/m?, v=
1.307X10) is sucked through a 4-mm-diameter, 0.25-m-long straw at a
rate of 4 ¢cm’/s. Is the flow at the outlet of the straw laminar ? I§ it fully
developed ? Explain. (15%)

3. Please define major head loss and minor head loss. (5%)

4  State the conditions under which prototype behavior can be predicted
from model tests.. (7%)

5. For fully-developed flow in a pipe determine the wall shear stress and the
shear stress variation in the flow in terms of the pressure gradient. (8%)

G ER YT /29

542016




@ Z ﬁk I}b k%} N v . ) \ ¥
E R WMIBA by ua

b mMETHME REENMERT L LRI L FAR T )
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(a) The continuity equation

ERZTI B (4] S ——

(b) If for a flow, a stream function v exists and satisfies the Laplace
equation, then the flow is-----cnn-eeee--

(c) In two-dimensional flow the equation of a streamline is given as------

(d) If a stream function v exists it implies that the potential function
also exists. True or False

(e) In a steady flow, streamline, streakline and pathline can be different
from each other. True or False '

7. The stream function v for uniform flow past a circular cylinder of radius
a in a polar coordinate is given by

a!
V= U,,(l —;,—)rsiné’

where U, s the free stream velocity parallel to the horizontal axis.
Determine the velocity on the cylinderat @=9p (10%)

8. By using velocity triangles for flow upstream (1) and downstream (2) of a
turbomachine rotor, prove that the shaft work in per unit mass flowing
through the rotor is

where V = absolute flow velocity magnitude, W = relative flow velocity
magnitude, and U = blade speed (12%)

9. An infinitely long, solid, vertical cylinder of radius R is located in an
infinite mass of an incompressible fluids. Start with the Navier-Stokes
equation in the ¢ direction and derive an expression for the velocity
distribution for the steady flow case in which the cylinder is rotating about
a fixed axis with a constant angular velocity «. You need not consider
body forces. Assume that the flow is axisymmetric and the fluid is at rest
at infinity. (18%)

Navier-Stokes equation in ¢ direction is given as

v, Wy Vg Uy . UL, au,,)
Ly Ly + vy, =t
P <ar U r a6 r -

2 2
1 ap 13 20\ v, Lo, 20, oy
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1. You are supposed to buy a plotter system, give and explain your decision
making based on time-domain justification. {15%)

2. Use time-domain equation to express the condition of causality in
input-output model, (10%)

3. Give the stability condition of the parameter set {a,b,c,d} for the following
dynamic system :

ax”+ bx"+ cx’+ dx = f(t)

where f(t) is a time function of D.C. and A.C. components. (10%)

4. A unity feedback system with transfer function 1/s(s+1) is controlled by a
proportional controller, Plot the root locus and determine the condition when
there is no oscillation in impulse response. {(15%)
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{) (a) Try to plot a bode-plot of the following contreol system

/e/s)\ 2500 (s+1) crs) (12%)

o S~

>

P s(s+2) (§430 s +2500)

(b) According to the result of (a), can you decide whether the
system stable or not? why? o (8%)
(c) If you want to have phase margin 45, how do you design?
(5%)

b, (a) Try to plot the complete Nyquist diagram of the following
transfer function of a plant ? (9%)
(b) Using the Nyquist criterion to judge and explain whether
the control system is stable or not? why?
(9 %)

11.7
s(0.058+1) (0.1s+1)

é/.f):

JZ) In the following diagram, if the force input to the mass
spring system,is f£(t), the output is y(t), d and k are the
damping coeffient and spring constant, respectively.
(a) express the system with state space model,

X=2X+BU
y = CX + Dyu
find the constant matrix A, B, ¢, D? (5 %)

(b) using the above state space model, find the characteritic
equation of the system ?

J/—f(i')
-—;;—]._aiéGQ
d 4
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Al. (5%)
i&ﬁlfﬁi&#ﬁ(Mechanism);ﬁﬁ&§§(Machine) EREE o

A2. (10%)
LA — 481 ) 9 — 18 ] 4 48 A5 84 38 99 34 (Kinematic pair) i s -

A3. (10%)

A —1ERSSRE R o AL M » 4o BALFF 7 » 34

L Edmlde g g /& (Degrees of freedom)

2. A AR & 44 % 1% #)(Constrained motion) o

Ad. (5%)
St 4 th 45 44 (Slider-crank mechanism)d & HELLES A

(Transmission angle) o

AS. (20%)
AWM oE A2 B+ r=l4cm - r,=8cm - r,=10cm -
rES.196cm 1 0,=60°  6,=120° 5 4% 2 AMAM 0 A F AR E 0]
rad/sec Jf B 8t 61 e 4 o H0,=50° B - KA A & ¥ 18 3% /& (Vector
loop approach):

(a) ¥ th 42 #% ¥ #2 K (Displacement equation)

(b) & ik & 54z . (Velocity equation) »

(c) % i Au ik & 5 42 & (Acceleration equation)

(d) ¥A $ 14 ;% (Numerical method)iff 15 =k 4k 4%, » KB X Sothis BB
ﬁ o .

HAl BA2
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Bl. A cam with a translating flat-faced follower is shown in Figure 1. This figure depicts an inversion of the
cam-follower mechanism where the cam is fixed and the follower moves relative to it.  In normal operation,
the cam would rotate and the follower would translate in a guideway along the y axis. The cam, having

base circle radius Iy, , is assumed to rotate in the clockwise direction under normal operation. Thus, for a

cam rotation &, the follower will rotate counterclockwise relative to the cam through angle 6 while
experiencing a translational displacement s, as shown in the figure. It is assumed that the follower
displacement is a known function of the cam angle. Point P is the intersection of the face of the follower
and its axis. Point Q is the cam-follower contact point for cam angle . The distance / between points P
and () is the perpendicular distance from the follower centerline to the contact point.

(a) Derive expressions for the cam profile coordinates.(10%)

(b) Show that the expression for the distance / can be written as V/ @ which is the translational follower
velocity divided by the rotational cam velocity.(10%)

B2. (a) Design a gear train similar to Figure 2 so that @, =100 rad/s ccw for @ =300 rad/s cw when ring gear is
fixed. Let the sun gear pitch diameter dg be 80 mm and the module 4 mm. Al gears are standard gears
with full-depth involute teeth. Determine the tooth number N, of ring gear and find the possible range of
tooth number N, of planet gears. Hint: Consider the addendum of teeth.(10%)

(b)Find the speed of each gear after selecting N, = N, =N, and then check the speed ratio using the

formula method.(10%)

B3. (a) State the fundamental law of gearing.(5%)
(b) Describe the necessary conditions for parallel helical gears to mesh properly. (5%)

(]
\
]
-
Y

Direction of cam/

rotation
~ . P

Py

~—_

Figure 1

Figure 2
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I. IEFE#% (normal strain) K EfFESE (shear strain) B 5 5506 2 (8%)
—{EYIRE 2 0% VIR AT - B4 iy e (stress) HYIE 2B {a] ©
(6%)EN RS RRIER (2%)

3. MR &g, ELT BB Hpi (torsion) SR PR R SR 1 T 9

)

(8%)
4 MR T Rk (bending) 73 TEEEFF (4 BIER BS54 7
(8%)

5. DAERHIMIE (buckling) 9B - (8%)

6. HELTES% > LURFHE (column) A BRI  (10%)

7. {AFEZHERE S (plane stress) KA TEFESE: (plane strain) ? (4%) #g
FAFESE (strain gauge) SRR THRESIRE » e P R B S
PERS ESTIE A 2 AR - (40%)

8. ‘%ﬁﬁﬁﬁﬁfifﬁﬁﬁﬁﬁf}#’jﬁs':’eiﬁd/'/a“li=é‘, B U KA - (4%)
FOMRGERE (Castigliano’s Theorem) #1938 FH R0 4 2 (4%)

o SRR TEBFE: () B (fixed end) (b) £ s
(free end) (c) RSZ# (simply supported end) » SR EH (T8 S %
1% (6%)

10. {TERMELR (yielding) ? (294) SR CHETE ISR B3R » (4%) kg
I —(E R B 2 2%)
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(5) (25%)

(@) A rigid insulated tank is initially evacuated. Atmospheric air at .1
Mpa and 20 C is allowed to leak into the tank until the pressure
reaches 0.1 Mpa. What is the final temperature of the air within the
tank, in degree Celsius?

(b) Consider the data of part (a), except that the tank initially contains air

at 0.04 Mpa and 20 C. Determine the final temperature, in degree

Celsius?

(6) (25%)
Air at 200 Kpa and 950 K enters an adiabatic nozzle at low velocity and
discharged at a pressure of 80 Kpa. If the adiabatic efficiency of the

nozzle is 92%, First, sketch the process in a T(temperature)-s(entropy)

diagram and then, determine
(a)the maximum possible exit velocity (m/s)
(bythe actual exit temperature in degree K

(c)the actual exit velocity of the air in m/s

Note:
For Air: Cp=1.005 KJ/Kg K, C,=0.718 KJ/Kg K




