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(T} Please choose the correct answers for the following problems.

(1) Let F =2xi + 3yj + zk , S is the surface of the cylinderx*+y? < 4,0 < 2
= 2, and n is the outward normal of the surface Then the value of the surface
integral (§ §sF - ndA)is

(A)36n

(B) 48n . {5%)
(C) 60n

(D) zero

(E) neither one

(2) The directional derivative of x5 2)= 2~y + 2% at (1,2,3) inthe
direction from (1, 2, 3) to (3,5, 0) is
(A)22 .
(B) 22 (5%)
C 22
Dy—v22

(E) neither one

(3) Let A, B, & C be vector fields, P & Q be scalar fields, R isa constant vector,
F=xi+yj+zk and Vis the del eperator. Then which of the following
statements are true ? (NOTE: the answers may be more than one)

(A)AXBis .orthogonal toboth Aand B,

(B)IfAX B =0, then A and B are parallel

OV -R-F=3 (15%})
D)V X (R-F)=R

EYAXBXCO)=(A: CB-(A - B)C
F)AXB)XC=(A-OB-B-OA
(GYVX(PA)=(VP)XA+P(VXA)

(H) VPQ =PVQ)+Q(VP)

(I) neither one

L] Evatuate the following real integral for any positive constant a,
cos(mc)
[, (10%)
x°+1

(111} Solve the boundary value problcm for any constant A. (15 %)
Py 3y
-?y_»—mx (L>x>0, t>0),
a &
HOH=HLH=0  (¢>0)

y(x,0)=0, %(x,O) =0 (L>x>0).




B k@ A S5 EAEERER A KA
d 1

¥ =7

F B . oormmess AR ITRE SR AR DE .

{1V] Find the inverse of the following matrix A by using determinants. (10%)

8§ 0 1
A=13 -2 1
T 4 0

[V] For the following matrix A, find (a) cigenvalues, (b) unit eigenvectors , and
(c) an orthogonal matrix Q which diagonalizes A. {15%)

3.0 -2
A=10 2 o0

-2 0 0
vl

Following is a linear constant coefficient ordinary differential
equation,

4942y +y=u
with initial conditions of Y(0) =0 and y(0) =0 .
The equation could be describing the motion of a mass-spring-

damper system or the current of a serial R-C-L circuit. Please
answer the following two questions:
o

(i) 15%
Find the complete solution of y(t) when u is a unit-step input.
(ii) 10%

If u is a unit-impulse input, find the impulse response y(t).
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6.

- Explain the differences between ideal Rankine cycle and ideal Brayton cycle for power plant. Why do

we prefer to use Rankine cycle rather than use Brayton cycle in generating electrical power? 5%

- Internal energy, work, and heat are the energies most often to present in thermodynamics. Please tell

me what type of energy can be stored, and what type of energy isa property What type of energy can
only occur in trangient state? 5%

. Please explain how to obtain the latent heat of a pure substance from the folldwiﬂg measurable

properties :temperature, pressure, and specific volume? 5%

The entropy of a steam increases in actual stearn turbines as a result of irreversibilities. In an effort to
control entropy increase, it is proposed to cool the steam in the turbine by running cooling water
around the turbine casing. It is argued that this will reduce the entropy and the enthalpy of the steam
at the turbine exit and thus increase the work output. How would you evaluate this proposal? 5%

- An adiabatical cylinder has a thick piston initially held by a pin as shown in following figure. The

cylinder contains ideal gas with constant specific heat c,. The metal piston has a weight W, and the
cross area Aq. The initial gas pressure Py is 4W/A,. The initial volume V, and the initial temperature
To of gas are known. The pin is now removed, allowing the piston to move adiabatically until the
piston reaches the top where the volume occupied by gas increase to double of the initial vrolume.‘
Please evaluate the final temperature and pressure interms of R, ¢y, W, Ay, Vo, and To.15%

Vo

Piston

A certain gas which obeys Nobel-Abel equation of state

P-——
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 volume. 15%
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7. (10%)

You are given that the ratio of specific heats y fora thermally perfect gas varies
according to
¥

T3 A, ~AT (T=absolute temperature)
y—-i '

where 4,.and 4, are constants. Find an equation relating pressure p and temperature T
at two stations, (1) and (2), for an isentropic process occurring between (1) and (2.
Note that the expression you obtain should be analogous to the relation for a

calorically perfect gas (a perfect gas with constant specific heats)
-
P _[EJ”'
Py 1,

£ %)
Explain the following terms of radiation heat transfer
(a) black surface
(b) diffuse surface
{c) gray surface

7. (8%) _
(a) Consider two large, black parallel walls, 1 and 2, separated by two thin black
plates as show below at steady state, find the radiation energy exchange per unit area,

0,/ A =7

(b) Repeat the problem if the walls and the plates are gray surfaces. Use £ ,8,,6, as
the emittances of the wall 1, wall 2 and the plates, respectively. '

10 (8%)
To determine the effect of the temperature dependence of the thermal conductivity on
the temperature distribution in a solid, cousider a material for which this dependence

may be represented as k = k,+aT ,where k,is a positive constant and a is negative

coefficient. Sketch the steady-state temperature distribution associated with heat

transfer in a plane wall. You must Support your answer with an adequate explanation,

1. (15%) :
An experimental device that produces excess heat is passively cooled. The addition of
pin fins to the casing of this device is being considered augment the rate of cooling.
Consider a copper pin fin 0.25 cm in diameter that protrudes from a wall at 95°C into
ambient air at 25°C as shown in the figure. The heat transfer is mainly by natural
convection with a coefficient equal to 10W/mK. Assuming that the fin is "infinitely
tong”. (Thermal! conductivity of the capper k=396W/mK)

(8)  under what condition you can assume T=T(x),
(b}  derive the governing equation for T(x),

{c)  boundary conditions for the equation in (b),
(d) solve for T(x),

{e) calculate the heat loss.
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1. (25%)F @ & & BB % 738 #i(laminar flow)ifi 35 &) B A8 (RSO AR 2 4%
YhTHE):

a.

s Ao o

17 3§ & /& i (fully developed flow) ? (3%)

4738 #4.2- & #i(thermally fully developed flow) ? (3%)

s af 44 & 785z Nusselt number(Nu) 2 ¥ £ < (6%)

BB 0 ¥ Z Nu=? §2 HREBFZ Nu=7? (4%)
B%Aniﬁ%ﬁﬁz%ﬁ%ﬂvﬁm

(3%)

FEFH g%@ﬂﬁiﬁ' Bm (Ts) ,&ﬁﬁ;l—‘y]fm&a‘m) s E
B8 EATEHRERAZELEL - (3%

2. QS%YERAMIETATH T &2 f Mg A& (boundary layer:
4 B.L) ¢4 :

a.

b.
c.
d.

FIBERAE (flowB.L.) X A %4 ? A% LA (thermal B. L) &
£ BT 7 (3%)
BEh= “Eﬁk P ﬂow B. L equatlon % thermal B. L. equatlon (4%)

&i&a‘%ﬁaﬂ (frlctmn coeﬁiclent) &f&ﬁﬁ‘ﬁ » AR k‘iﬁﬁ
OB EARA S R RAE GRS (Nu) - (3%)

LB &R TR EF - ¢ ¥ 2 flow B. L. equation HiTsaskz i (#
A A —ER R A HRE) ? 8 #HE flow B L. f thermal B.
L. 2 REE b BSFHHRE? BAEMEER AT (%)
453§ Reynolds analogy ? 7| i & &3 #54F - 3%)

{738 modified Reynolds (or Chilton-Colbumn) analogy ? 5| th A J’ixﬁ
M 454 AR AGE A o9 iR - (%)

3. Consider a wnde liquid film of constant thickness A ﬂowmg steadlly due tol
down an inclined plane at angle 0, as shown in Fig. P3- 15. The atmospheﬁ;__ ;

&

constant pressure and negligible shear on the free surface. Show that the vclouiy
distribution is given by

and that the volume flow rate per unit width is

Q = pgh’sinb/3u.

pg sin @
hﬂw( ¥)

=
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A twe-dimensional unsteady flow has the velocity components:

Find the equation of the streamlines of this flow which pass through the point

{xg, yo) at time £ = 0.

Consider turbulent ﬂow past an tsothermal flat plate of width b and length L with
constant (p, u,c,, k). Assume §, = &7, that is, Pr=1. At x= 0 the flow has
uniform velocity U and tcmpcraturc T,. At x = L, the mean flow may be Approxi-
mated by one-seventh power-law profiles:

u T-T, (y ) /1

U T,-T,

5

There is no information about the flow structure between the leading and trailing

edges. Use a control-volume analysis to estimate, on one side of the plate, (@) the
total friction drag and (b) the total heat transfer, in terms of the boundary-layer
thickness.
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(1) homogeneous isotropic material

- (2) engincering strain J true strain

(3) B i mild steel 1 stress-strain curve (A fk i M4 - RER KB HRNESTT)
(4)  ##& i aluminum alloy # stress-strain curve’ ( 7356 L)

5 .(5) modulus of resilience

(6) modulus of toughness

(7)  Saint-Venant’s principle

B (8) Plane stress

L {9} Plane strain

(10) Principa) stress

10 2 RABEOZE - FHE-E¢ 4R (LEW) &4 A B A A v B Z.%(1) normal and shear stresses, (2)
principal stresses, (3) maximum shear stresses > #4NH B, C D E & # =@ - (20%)

| 3 MEXHER-EF AR - WEAE - Ry AR (RENETER AR - (20%)

- 4. The assembly consists of a 6061-T6-aluminum member and a C83400-red-brass member that rest on the rigid plates.
Determine the distance d where the vertical load P should be placed on the plates so that the plates remain horizontal
when the materials deform. Each member has a width of 8 in. and they are not bonded together. {20% )

L
| 5. The shaft is made from a solid steel section AB and a tubular portion made of steel and having a brass core. If it is
fixed to a rigid sup"port at A, and a torque of T=501b-ft is applied to it at C, determine the angle of twist that occurs at
B C and compute the maximum shear stress and maximum shear strain in the brass and steel. Take G =11.5(10") ksi, -
[ G,=5.6(10) ksi. (20%)
] A 1’
P . ’
L -
L b
E

Aleminum

30
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1. The position of boom ABC is controlled by the hydraulic cylindef
BD. For the loading shown, determine the force exerted by the
hydraulic cylinder on pin B when 8 =70°.  (20%)

2. Knowing that the coefficient of static friction between the collar and
the rod is 0.35, determine the range of values of P for which
equilibrium is maintained when B=50and M=20Nm. (20%)
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3. A sphere of mass m and radius r is projected along a rough
horizontal surface with a linear velocity v, and an angular velocity
oy = 2vy/r. The sphere will reach a uniform motion after a period
of time. The coefficient of friction is denoted by p and the mass
moment of inertia of the sphere with respect to its center is 2mr?/5.
Determine

(a) the linear and angular accelerations of the sphere before it reaches the
uniform motion, (10%)

(b} the time required for the motion to become uniform, and  (10%)

(c) the final linear and angular velocities of the sphere. (10%)

Note: Be sure of indicating directions of all accelerations and
velocities.,

4 Consider a rigid body (with arbitrary shape) moving in the three
dimensional space. Please derive the kinetic energy of the rigid body.
(15%)

5 For a system of n particles, show that the total external moment about
an arbitrary (moving) point P can be written as

ZMP =HG +l‘G,P X maG

where
> Mp =D rp x B
Hg =) Ty X m; V;
m=Ym, |
and ag is the absolute acceleration of the mass center G of the system of

particles. ry, denotes the position of i relative to P and ry is the
position of i relative to G.  (15%)
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1. Answer the following questions in short sentences and dxagrams Each 5%

(1) How to determine a system is stable or not without knowing the goveming
equations of the system and the elgenvalue position in S domain.

(2) In designing a control system, what is the- purpose of step input response?

(3) Draw the step input response of a third order system, the eigenvalue positions of
which are -2 + 44, -2 ~ 4i and -20 in S domain

(4) Draw the bode diagram for a second order system with damping ratio= 0.3 and
- nature frequency = 100,

2. Armature control of dc¢ servomotors. Coasider the armature-controlled de ser-

vomotor shown » where the field current is held constant. In this system,
R, = armature resistance, chm
L, = armature inductance, henry
i; = armature current, ampere
ir = field current, ampere
e, = ap‘plied armature voltage, volt
e, = back emf, volt ) ] ] i = constant
8= angular displacement of the motor shaft, radian
T = torque developed by the motor, N-m
J = equivalent moment of inedtia of the motor and load referved to the motor
shaft, kg-m?
b = equivaleat viscous- friction coefﬁcxent of the motor and load referred to the

motor-shaft, N- -m/rad/sec

The torque T developed by the motor is p'roponional to the product of the armature current

T=Ki,

. where X is a motor-torque constant.

(1) Derive the two governing €quation in terms of current and angular velocity. 5%

(2) Draw the block diagram from the above equations, considering Ea(s) as input and
8(s) as output. 5% _

(3) Find the transfer function, when the inductance is neglected. 10%

(4) If you use the motor to control the angular displacement, show the block diagram
of your control method where Or is the reference angular displacement, 10%

i
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3. (10%) In designing a control - Fig. 1
| system, one of senior engineers in .
your company recommended you
5[ to place the poles of the closed-. \\ 10
i " loop system in the shaded region 7777 i Hea
of Fig. 1. Why do you think he //%/ -
3 made such a recommendation. :
- 4. (10%) In designing a control system, we often require that
~M Zu(t) <M N
- where u(r}.is the controller output and M is a constant. Describe the
10 impacts of such constraints on the petformance of the closed loop system, 410
5. (10%) If the input of a derivative controller with derivative constant Ky is e(r), y
- - then its output.is &, de(n)/dt or, in the § domain, &, s£(5) where £(s) is the
Laplace transform of e(f). ‘Therefore, the transfer function of the derivative
~ controller is &,5.  Explain why then, in practice, the derjvative controller is
built as ' ]
- . de
-7 . kdy -
i - . I+ (Y
151 : 6. (10%) This problem considers 1
the system shown in Fig. 2. |
5 . Note-that, in Fig. 2, R is the
' reference input, C is the output
i and D is the unwanted 7
disturbance. What is the
i transfer function of this system? 7
Also, give us your ideas for
i designing  the .Closed-loop : ]
system such that the unwanted disturbance can be effectively rejected. 20
200 . 4
_ 7. (10%) Comment on the importance of convolution integral for control .
" system design. :
% 1%
30
30
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(@)L HFT  EAKRATTHNE (k) A KR (Particle),
XAESTHRAT I ERBAE (Rigid-body)? (10%)

(b) R— R4 ehiE 446 T4 (Static balance), Foiki 8y iE 89 T4
(Dynamic balance) %1% & & 82 (10%)

4o P2 % 4% AB %3k 20rad/s W aFEMIH - ST R4 ¢
(a) 4% BDH &9 & (5%) |

(b) s Hays & (5%) o
(c) 4% BDH #)hait B (5%) .

80 mm -50 mm

(d) 25 H eyt B (5%)
(e} %w4% BDH T &gty » Kbt Lk B A Lehes (5%)
() ALt KBDHAZLmitEAEFHE (5%)

wB P3ATR — BB ATRE REE 1251b R B8 G 24t
B¥ A RDUIOMS REGTRT » 4038 BRY BB AYY
FEFXEHp=50f  REAMANATEENRMERD - LFBESHF
3= (15%)

do @ P4 R 0 — 4R Skg #te RS O 0 m BT R A S |
EH IR AG TN 400m/s RS S HAL B PR RELE TR
Al ANt EATZ AR A - (15%)

ol P5 A2 BR BT AB R BD A 2 AB £ Y-Z FHA
S8 4k A %k 0 4% BD BAh/K B 40i% AB R HE D) - kol T AT
26595 - 4 AB ST BD # A BB A ioik A Sl B ¥ AR 5
A—AER CARB 8 02m & LA B2 3m/s poif £ B 2m/s? 55 BD
HEEY  MRHBRHEN CHBHEEREH IR - (20%)

¥ =400 mfs

\?\\ ’ 0.75m .
\“-\

P=50{t

B P3 B P4

B

B P2

mm

- 410

415

420

s

30




CER NP R SN LS e S

# B omerimk  gReR T TESLRAR-EEE J A 2R K X

- i. Identify the zero-force members present when the truss shown in Figure 1 is subjected to the
- loadings indicated. (10 )

‘ Figure 1
0L -10
2. The static coefficient of friction between the brake pad and the brake drum of Figure 2 is 0.40.
When a force of 350 N is being applied to the brake arm, determine the couple required to
L initiate rotation of the drum if the direction of rotation is (a) clockwise and (b)
counterclockwise. (2 ¢ %) , '

350N _

I5h 115
B Figure 2 4

201 ‘ 420

251 425
B -

30 — ‘ 30
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3. Determine an expression for the torque M required to rotate a shaft carrying an axial load P and

supported by a conical end bearing as shown in Figure 3.  The coefficient of frictionisp. (20 ,f)

4. A bracket is subjected to the force-couple system as shown in Figure 4. Determine the

magnitude and the direction of the resultant force. ( (¢ % )

Figure 4
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5. The width of the rectangular gate shown in Figure 5 is 4m. Determine the magnitude of the
resultant force R exerted on the gate by the water ( p= 1000 kg/ms) pressure and the location
of the center of pressure with respect to the hinge at the bottom of the gate. (o Z )

Figure 3

6. A curved sfender bar AB is loaded and supported as shown in Figure 6. Draw the Free-Body-
Diagram of the curved bar AB and determine the reactions at supports A and B and the
tension T in the cable. (¢ 25%)
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