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1. Solve the folléwing differential equations:
(@) ydx-2xdy=0 (5%)

2
(b) %"3%”” Zcos3x (10%)
© x%-{—.’ly:xy"' (10%)

1 2 2

2, Ifmatrix 4=[1 2 -1
-1 1 4

(2) Find eigenvalues of A (5%)
(b) Find eigenvectors of A (10%)
(c) Find the diagonalized form of A (10%)

' 51
3. Letthematrix A= [1 5] )
(2) (5%) Find the eigenvalues of A,
(b) (5%)Find the eigenvectors of A.

(¢) (5%) Find the inverse bf A

(d) (5%) Find a matrix P such that P~'AP is a diagonal matrix.
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- 4. Consider the fanction f(x,3)=2x2y" +6xy.
(a) (5%) Find the gradient of f(x,y) atthe point(l,1).
(b) (5%) Find the directional deﬁvative of f(x,y) at the point gl, 1) m the
direction of a unit vector whose angle with the positive x-axisis z/3.
(c) (5%) Find an equation of the tangent plane to the graph of z=f(x,y) -at the

point (1, 1, 8).

5. (15%) Solve the partial differential equation

2 2
: Q‘.=4%, O<x<m, >0

subjectto #(0,1)=0, u(m,f) =0, u(x0)=0, % = sin2x—sin3x.
R 1=0
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1. (a)Find %x’i of &7 =x+y. [7%]
(b) Find the limit of lim-—— s~ [8%] .
=0 x
(c)Find oz/ds for z=¢"cos@, r=st, f=+s*+12. [10%]

2, (a) Find a power series representation for the furiction and determine the interval

of convergence. f(x)= 5 [10%]
_ 14+9x
(b) Find the point on the plane x—y+z=4 thatis closest to the point (1,2,3).
[15%]

3. Please find the integrations as below

x

W [ (10%)
ii 2 15%) -
(ii) '[(x+2)3 ‘ (15%

4. Please find the integration as below
@ [xtdx  (10%)

@ [z"d  (15%)
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1. A particle moves along the hyperbolic spiral 18 = b shown in Fig. 1
(2) Determine the magnitude of the velocity of the particle in terms of b, angle 8, and
angular velocity w. ( 12% )
(b) Knowing that w is constant, determine the magnitude of the acceleration of the
particle in terms of b, angle 8, and angular velocity w. ( 13% )

Fig. 1

2. Two rotating rods are connected by slider block P. The rod attached at A rotates with
a constant angular velocity w, and angular acceleration aa for the position angle 84
shown in Fig. 2.

(a) Derive the velocity equation to show the expression for the velocity of slider
block P and the angular velocity of the rod attached at B. ( 12% )

(b) Derive the acceleration equation to show the expression for the acceleration of
slider block P. ( 13% )

Fig. 2
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3. The uniform pole has a mass of 20 kg and falls from rest when @ = 90° until it
strikes the edge at 4, & = 60°. If the pole then begins to pivot.about this point
(that is, it rotates about this point 4) after contact, determine the pole’s angular
velocity just after the impact. Assume that the pole does not slip at B as it falls
until it strikes 4. Please solve the problem based on “conservation of energy” and
“conservation of angular momentum.” See Fig. 3 below. (25%)

4. At the instant shown, ball B is rolling along the slot in the disk with a velocity of
600 mm/s and an acceleration of 180 mm/s?, both measured relative to the disk
and directed away from O. If at the same instant the disk has the angular velocity
and an acceleration shown, determine the velocity and acceleration of the ball at
the instant, See Fig. 4 below. {25%)

Z | w==6rad/s
o =3 rad/s*

¥
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() HkRIa S EARE - (10%)
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(15%) :

3. WRHRIEIERESEE MR EEEFRER WA (25%)

4, FEHMT—ERINTY » HEHEETRNEAR  WRINTYAS - &1L
M RO 2 (25%)
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1. A Carnot heat engine receives heat from a reservoir at 900°°C at a rate of 700
kJ/min and rejects the waste heat to the ambient air at 27°C. The entire work output
of the heat engine is used to drive a Carnot refrigerator that removes heat from the
refrigerated space at -5°C and transfer it to the same ambient air at 27°C. Determine
(a) the power output from the Camot heat engine 10 the refrigerator (b) the heat
removal from the refrigerated space by the Camot refrigerator (c) the total rate of
heat rejection to the ambient by the Camot heat'engine and refrigerator. (25%)

2. R-134a enters the capillary tube of a refrigerator as saturated liquid at 0.8 MPa
and is throttled to a pressur;: of 0.12 MPa. Determine (a) the quality at the outlet
of the capillary tube, (b) the temperature drop across the capillary tube. (c) If air
enters the same capillary tube at 0.8 MPa and 27 “C and outlet pressure from the
capillary is 0.101 MPa. Assuming air is a perfect gas for the above conditions, air
gas constant; R =0.287 kJ/kg-K, please determine the air density at the outlet of the
capillary tube. (25%)
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3. The compression ratio of an air-standard Otto cycle is 9.5. Prior to the isentropic
process, the air is at 100 kPa, 17 °C and 600 cm’. The temperature at the end of the
isentropic expansion process is 800 K. Using the specific heat values at the room
temperature, determine (a) the highest temperature and pressure in the cycle; (b) the
amount of heat transferred in, in KJ; (c¢) the thermal efficiency; and (d) the mean
effective pressure. (Cp = 1.005 kJ/kg'K, Cv = 0.718 kl/kg-K, and k= 1.4; R=0.287kPa
m /kg) (25%)

4, A steady-flow Carnot refrigeration cycle uses refrigerant 134a as the working fluid.
The refrigerant changes from saturated vapor to saturated liquid at 30 °C in the
condenser as it rejects heat. The evaporator pressure is 120 kPa. Determine (a) the
coefficient of performance, (b) the amount of heat absorbed from the refrigerated
space, and (c) the net work input. (Tsat @ 120 kPa =-22.36 °C)y (25%)

-TA
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Saturated retngerant-134a—lemperalure t1abe

Specific voilume, fnternal Enthalpy, Zntropy,
mikg energy, kJkg " kJkr Wikg - K
Press,, Sat, Sat, Sat Sat, Sat, - Sal. Sat. Sat.
Ternp., ' Pu liquid, Y& por, liquid,  vapor, ligquid, £van., vapat, liguid,  wapor,
r¢ MPa vy Yy iy (I ty My h, S 5

-40 005164 0,0007055 0.3569 —0.04 204.45 000 222,88 222,88 0.0000 0.9560
~36 0.06332 D0.0007113 (C.2947 468 206.73 4,73 220.67 225.40 0.0201 0.9506
=32 0.07704 00007172 (C.2451 9.47 209.01 9.52 21837 22700 0.0401 10.9456
-28 0.09305 0.0007233 0.2052 1431 21129 1437 216.01 230,38 _0.0600 Q.9411
-26 0.10199 00007265 0.1882 16,75 212.43 16.82 214,8C 231.62 0.0699 0,9390

=24 01l!al 0.0007296 0.1728 19,21 213.57 19.20 213,57 232,85 0.0798 09370
-22 0,12192 D0.0007328 01590 2168 214,70 21,77 21232 23408 (.0897 09351
-20 0.13299 (.0007361 (©.1464 24,17 21584 24,26 211.05 23531 0.0996 C.9332
-18  0.14483 0.0007395 0.1350 26,67 21697 2677 209.76 23653 0.1094 C.9315
-16 0.15748 0.0007428 0.1247 29,18 218,10 2930 20845 237.74 01192 0.9298

=12  0.18540 {Q.0007498 0.,1068 34,25 220,368 34.353 20577 24015 0.1388 0.9267
-8 021704 0,0007569 00919 3938 222560 39.54 203.C0 242.34 0.1583 0.9233
-4  0.25274 0,0007644 0.0794 4456 22484 4475 200.15 24480 Q1777 09213

0 029282 00007721 Q0689 49,79 227.06 50.02 197.21 24723 0.1970 0.919C
4 033765 0.0007801 0.0600 B508 22927 5535 194.19 249,533 0.2162 0.9169

8 038756 00007884 00525 6043 23146 60,73 191.07 251.80 0©.2354 09150
12 0.44254 0.0007971 0.0450 6583 233.63 66.18 18785 254.03 02545 09132
16 C.50415 00008062 00405 71,29 23578 7169 18452 256.22 0.2735 09116
20 057160 0.0008157 0Q.0358 76.80 237.91 77.26 181.0¢ 258.35 0.2924 0.9102
24  0.64566 0,0008257 00317 82.37 24001 8290 177.55 26045 03113 0.808%9

26 0.68530 0,0008309 00298 8518 241,05 B575 17573 26148 03208 0.9082
28  0.7267% 0,0008362 0.02B1 88,00 242,08 88.61 173,89 262,50 0.3302 09076
30 077006 0.0008417 0.0255 90.B4. 243.10 9149 172.00 263.50 0.33% 0.9070
32 0.B1528 00008473 00250 9370 24412 9433 17002 26448 0.3490 0.9064
34 0.B6247 00008530 0.0236 96,58 2451312 97,31 168,14 28545 03584 0.9058

36 (9lle8 0.0008590 0.0223 9947 24611 100.25 166,15 268.40 03678 0.4053
38 0.96298 0008651 0.0210 10238 247.00 1C3.21 164,12 267.33 03772 0.5047
40 1.0l64 (0008714 0.0199 10530 248.06 1C6.13 162,05 26824 0.3866 0,9041
42 1,0720 Q.O00B780 0.0188 10825 24902 1059.19 15994 269,14 03960 0.9035

1.1299 Q0008847 0.0177 11..22- 24596 11222 157.79 270.C1 0.4054 0.5030

44

48 1.2526 0.0008989 10,0159 117.22 251,79 118,35 153,33 271.68 0.4243 09017
52 1.3851 0.0009:42 0.0142 12331 25355 12458 14866 273.24 0.4432 09004
56 1.5278 0.0009308 0.0127 129,51 25523 130,93 143,75 274,68 0.4622 0.8390
60 1.6813 0,0009488 0.0114 13582 256,81 13742 138.57 27599 0.4814 0.8973
70
B0
90
00

R-134a

2,1162 0.0010027 0,0086 15222 26015 15434 12408 274.43 0.5302 0.8918
2.6324 00010766 0.0064 16988 262,14 17271 106.41 279.12 0.5814 0.8827
3.2435 0.0011949 0.0046 18982 261.34 193.69 B2,63 276,32 0.6380 0.8653
39742 00015443 0.0027 21860 248.49 224,74 23440 259,13 07196 0.8117
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1. The model of a servo drive system is shown below, where &, is the position

command, @ is the position feedback, and E is the position error.

> Kfs

Feedforward Controller

0 +~ E < + X _r e
o P ’ s(3s+1) -
P Controller Machine Dynamics

(1) Find the transfer function between position command and position error, i.e.
E(s)/8.(s).
(10%)

(2)If K, =1 and the position command is a “ramped input”, find the steady

state position error.
(5%)

(3) Plot the root locus for 0< X, <3, and show critical K, values which

determine the shape of the root locus.

(10%)
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2.For the loudsi)eaker system shown below, the electrical circuit generates a current
i which is proportional to the force applied on the mass M :

f=kd L (2.1

and the mechanical system has a damping factor D . The differential equation
representing the electrical dynamics of the system is known to be:

di " dx
L—+R-i=v,-k— . 2.2
TRy -k~ (2.2)

(1) Taking the Laplace Transform of (2.2), represent the coil current /{(s) using

voltage input V,(s) and mass displacement X{s).
(10%)

(2) Using (2.1), (2.2) and mechanical dynamics, derive the transfer

function X{(s)/¥,(s).
(15%)
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3. Afeedback control system has a characteristic equation:

s+ (1+K)s? +10s +(5+15K) =0

The parameter K must be

(a) The maximal value

’

positive, Please find:

of K before the system becomes unstable. (10%)

(b) The frequency of oscillation when X is equal to the maximal value. (10%)

4, A feedback control system has a loop transfer function:

100

G(s)H(s) =

s(I% + D 1)

100

{a) Determine the comer (break) frequencies for the Bode plot. (5%)
(b) Sketch the Bode plots. (15%)
(c) Estimate the Gain Margin and Phase Margin. (10%)
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1. The members in Fig. 1 have a neat fit at the time of assembly. Find the force
caused by an increase in temperature of 50°C. Supports are immovable.
e, =11.7x10° mm/mm°C, E,_ =206,900 MPa
&, =18.4x10° mm/mm°’C, E, ,=103,400 MPa

« : coefficient of thermal expansion, E': modulus of elasticity

(25%)
. Steel, areg = Broass, area =
650 mm? 1450 mm?=
4 300 mm 200 mm |
“ 1
Fig. 1

2. Find the reactions and also the value of the bending stress at a point 1.5 m from
the left end for the beam of Fig. 2.

(25%)

22,250N

IZomm p  14.600N/m
e

1.8m 11.2m
Rp
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3. When the torque T is applied to the bar, it prod;.lces a state of stress as shown. (a) Determine
the maximum in-plane shear stress and their directions jﬁ*&ﬁbﬁtﬁﬁ{?ﬁi ] normal stress
A/ve  (b) Determine the principal stress and their directions. (c) Draw the Mohr’s circle
for this case. (d) FHBRBREIL— AR  RUPEARREEIT - ARG
B (GEEHIZR) - AR R - (25%)

14

Figure for Problem 3

4, A cantilever beam 4B is subjected to a triangularly distributed load of maximum intensity w,
as shown. The beam has constant moment of inertia (/) and Young’s modulus (£), and has
length L. (a) Determine the reactions (both shear force } and moment M) at the support A4,
(b) Draw the shear diagram (}-x curve) and the moment diagram (M-x curve) for 0 < x < L.

(¢) Determine the equation of the elastic curve for the beam. (d) Determine the angle of
rolation 4, and the deflection &, at the free end B. (25%)

Figure for Problem 4
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1. Two square gates close two openings in a conduit connected to an open tank of
water as shown in the following figure. When the water depth, h, reaches 5 meter
it is desired that both gates open at the same time. Determine the weight of the
homogeneous horizontal gate and the horizontal force, R, acting on the vertical gate
that is required to keep the gates closed until this depth is reached. The weight of
the vertical gate is negligible, and both gates are hinged at one end as shown.
Friction in the hinge is negligible.  25%

! =2 | vertical gale,
o dmx4dm

17 2 y 1
\Hinge

2. A layer of viscous liquid of constant thickness (no velocity perpendicular to plate)
flows steadily down an infinite, inclined plane. Determine, by means of the
Navier-Stokes equations, the relationship between the thickness of the layer and the
discharge per unit width. The flow is laminar, and assume air resistance is
negligible so that the shearing stress at the free surface is zero. 25%
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3. What is the specific gravity (S) of the unknown fluid in the left leg of the U-tube manometer
shown in the figure?(25%)

Patm Pasm

Unknown
fivid

4, The syringe showed in the figure has an inside diameter of 1.0cm, The syringe is held vertically,
and the plunger is pushed upward at a rate of 4.0cm/s. Find the maximum height to which the
water will rise if the outlet measures 2.0mm in diameter. (25%) (g = 9.81m/s?)

|

V,=
4.0cmis




