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1. Consider the following initial value problem (IVP)
d2 dx
+2—+ 0, x(0}=1, x'(0)=
& Trg tE=0 H0)=1, (0)=c
where c is a parameter. Find the range of ¢ within which all solutions of the given
IVP are non-negative, that is, determine all possible values of ¢ which yield
x(t)=0 for ¢20. (10%)

2. Solve f(t)=t- J: f(z)explt —7)dz for f(t), where +20 and exp() denotes

the exponential function. (10%)
(Hint: Use the Laplace transform and the convolution theorem.)
3. Istheset {1, x,3x% — 1} orthogonal on the interval [— 1, 1]? Why or why not?

0

(10%)
4. Find the Fourier series of the following periodic function. (10%)
I, O0=gt<nm
t)= y fle+2m)= f\¢
10={ PELT 5 fesan)=10

2
5. Solve %2{ +2x = f(tu(t), x(0)=0, »(0)=0, where u() denotes the unit step

function, and f(¢) is defined in Problem 4. (10%)
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6 . Find the the flux LF‘ ndA , of F=x +,}j —k across the part of the plane

x+2y+z=8 lying in the first octant (EHE). (25%)
i N —
]
7 . Solve the following partial differential equation (25%)
2
% _ k2% for 0<x<L,0
ot ox

u(0,0)=T,, u(L,t)=T, fort>0

u(x,0)=f(x) for 0<sx<L L
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1. Aboy having a mass of 50 kg stands on the back of a 15-kg toboggan which is
originally at rest. If he walks to the front B and stops, determine the distance the
toboggan moves. Neglect friction between the bottom of the toboggan and the
ground (ice). (15%)

2. Aball having a mass of 10 kg and initial speed of v; = 0.2 m/s rolls over a
20-mm-long depression. Assuming that the ball rolls off the edges of contact, first A,
then B, determine its final velocity vz when it reaches the otherside.  (20%)

3. The top has a mass of 4 1b and can be considered as a solid cone. Ifit is observed to
precess about the vertical axis at a constant rate of 5 rad/s, determine its spin. {15%)
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4, A rocket is fired vertically from a launching pad at B. Its flight is tracked by radar
from point A as shown in Fig. 4.
(a) Determine the velocity of the rocket in terms of b, &, and @.(12% )
(b) Determine the acceleration of the rocket in terms of b, 8, @,and a.(13% )
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Fig. 4

5. Rod AB slides with its ends in contact with the floor and the inclined plane as
shown in Fig, 5. :
(a) derive an expression for the angular velocity of the rod in terms of v g, ~
g, t,and B.(12% )
(b) derive an expression for the angular acceleration of the rod in terms of v g,
@, t,and §,knowing that the acceleration of point B is zero. ( 13% )

A YR . %5 x
b ¢ yd B b
2L SRS R Ay ST H 5\/ - x

Fig. 5
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1. (1) SRERFARRTEHETE (twist drill)& ERRArAIrhIE s L HBERTHAE » WA
HeTRF R PATHIIBRTRERY 715 - [12 %]
(2) RIS e BB B E I T4 - [8 %)

2. BB EERN TR Y EAEIEE - WEHERAT
SRRV EINT H 1 - [30 %]

—————— e
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(A)dkfrsmfbaatt (5%)
B)EEET (5%)
OTHEL (5%)

OyFTEEL (5%)

4 E— R S I T AT O T
(A) FEATERIE L BGEE ? (15%)
(B) S5 2197 R A planar anisotropy) S SUBATABAN ? (5%)

5. 8455 (die casting) B 2R B4EE1F ~ EEOI BN RER G
(A) ZRBRRRES AR BIAE 7 (7%)
(B) S FHRIEATEL ? (3%)

NIRRNI
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1. Refrigerant 134a is cooled within a piston-cylinder device from an initial
superheated state of 6 bars and 60°C with the specific volume v = 0.04134 m’/kg
and internal energy u =273.54 kl/kg to a final state of a saturated liquid at the
same pressure. Determine (a) the work, (b) the heat transfer in the process in
kikg. (25%)

2. Subcooled Refrigerant 134a at 800 kPa and 25°C is throttied to a temperature of
-20°C. Determine the pressure and the internal energy of the refrigerant at the
, final state. (25 %) ‘
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APPENDIX 1

TABLE A-12
Saturated refrigerant-134a—Pressure table

Specific volume, Internal Enthalpy, Entropy,
mifke energy. kJikg kJikg kitkg - K
Sat. Sat. Sat. Sat. Sat. R Sat. Sat. Sat.
Press., Temp., liquid, vapor, liquid, vapor, liguid, Evap., vapor, liguid, vapor,
PMPa Tsal °C Vi Ve Uy U hf hfg hS Sf Sg

006 ~+37.07 0.0007097 0.3100 3.41 206.12 3.46 221.27 224,72 0.0147 (0.9520
0.08 -31.21 0.0007184 0.2366 10.41 209.46 10.47 217.92 22839 0.0440 0.9447
010 -26.43 0.0007258 0.1917 16,22 2]12.18 16,29 21506 23135 0.0678 0.9395
012 -2236 0.0007323 0.1614 21.23 214,50 21.32 212.54 233.86 0.0879 0.9334
014 -1880 0.0007381 0Q.1395 2566 216.52 2577 210.27 236.04 0.1055 0.9322

0.1 -15.62 0.0007435 0.1229 29.66 21832 29.78 208.18 237.97 0.1211 0.9295
018 -1273 0.0007485 Q.1098 33.31 219.94 33.45 206.26 239.71 0.1352 0.9273
020 -10.09 0.0007532 0.0993 36.69 221,43 36.84 204.46 24120 0.1481 0.9253
0.24 -5.37 0.0007618 0.0834 42.77 224.07 42,95 201.14 244.09 0Q.1710 09222
0.28 ~-1.23 0.0007697 0Q.0719 48,18 226.38 48.39 198.13 246,52 0.1911 0.9197

0.32 248 0.0007770 0.0632 53.06 228.43 53.31 19535 248,66 0.2089 09177
0.36 5.84 0.0007839 0.0564 57.54 230.28 57.82 192,76 250.58 0.2251 0.9160
04 8.93 0.0007904 0.0509 61.69 231.97 62.00 190.32 252.32 0.2399 0.9145
0.5 15.74 0.0008056 0.0409 70.93 235.64 71.33 184.74 256.07 0.2723 0.9117
0.4 21.58 0.0008196 (0.0341 7899 238.74 79.48 179.71 259.19 0.2999 0.9097

0.7 26,72 0.0008328 0.0292 86.19 241.42 86,78 175,07 261.85 0.3242 0.9080
0.8 31.33 0.0008454 0.0255 92.75 243,78 93.42 170.73 264,15 0.3459 0.9066
0.9 35.53 0.0008576 ,0.0225 98.79 245.88 99.56 166.62 266.18 0.3656 0.9054
1.0 39.39 0.0008695 (0.0202 104.42 247.77 105.29 162.68 267.97 0.3838 0.9043
L. 46.32 0.0008928 (.0le6 114.69 251.03 115.76 155.23 270.99 0.4164 0.9023

1.4 52.43 0.0009159 0.0140 123.98 253.74 125.26 148.14 273.40 0.4453 0.9003
16 57.92 0.00093%2 0Q.0121 132,52 256.00 134.02 14131 275.33 0.4714 0.8982
1.8 62.91 0.0009631 0.0105 140.49 257,88 14222 134.60 276.83 0.4954 0.8959
2.0 67.49 0.0009878 0.0093 148,02 25%9.41 149.99 127.95 277.94 0Q.5178 0.8934
2.5 7759 0.0010562 0.0069 16548 261,84 168.12 111.06 279.17 0.5687» 0.8854
3.0 86.22 0.0011416 0.0053 181.88 262,16 18530 ., 92.71..278.01 0Q.6156 0.8735
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3. (25%) Starting with the entropy function s= f(T,v) and internal
energy function u = f(T,v) to derive the following general expression for
the entropy change.

[N

ds=c dT—-i-(——)

4=

4, (25%) A steam of 2 mol/s of air goes from 1000 K and 10 bar to 500
K and 5 bar while doing 5 kW work, Surroundings are 300 K and 1 bar.
What is the lost work for this process (Cp=29.1 J/mol K and R= 8.314
J/mole K)?

NN
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Prob.1 (25%)
Consider a standard unity feedback system shown in figure 1.

1 y
s(s +4)(s+6)
Jigure 1

Construct the Root-Locus plot for the given system.

In the plot, please show the angles of the asymptotes, the point at which the
asymptotes intersect the real axis, and determine the breakaway points if they exist.
The points, at which Root-Locus plot crosses the imaginary axis, must be determined
with corresponding value of K.

Prob.2 (25%)
Consider a standard unity feedback system shown in figure 2.

u 120 | | 1 y

+ __J s(s "_'_‘}2(5 +6) ]

Figure 2

Please determine the stability of the given system by using Nyquist stability criterion,
and the gain margin (in dB) with its corresponding frequency.
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3, Consider the system described by
J=2y+acos(y+xi/2)=u, u=—k(y+2y)
where y is the output and « is the input variable; «is a constant,
(A)If a=0, find the range of k for which the system is stable. . ({ 0% )
(B) If a =8, determine the range of & for which the system is asymptotically stable

(WhHETRRE) at the origin (i.e. at (y,y)=(0,0)). (152}

+

['L Consider the system shown in Fig.g. Given a unit step input, determine the
steady state errors for
(A) C(s)=10s+5 (9%)

®) C6=10s+5+2  (8%)

©) Cls)=10s+5+2%  €9%)
5

+
Input C(s) 1 ._Output

s2—5+3

- Fig. 3
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{ . The round bar shown in Fig. { is mounted as a cantilever beam. The material has E =

206,900 Mpa and o,, =410 Mpa.

(a) What point in the bar would you expect to be critical for stress 7 (5% )

(b) Atecritical point, draw the Mohr circle for this element and determine the value
of the maximum normal stress and the maximum shear stress, ( 20% )

25 mm

/ T=110,000 Nmm

SO

4— 250 mm

Fig.

> P=22,500N

F=450N

. InFig. 2 the outer bars are symmetrically placed with respect to the center bar. The
top member is rigid and located symmetrically on the supports. Find the load carried
by each of the supports. Modulus for the bars is 138,000 MPa. (2%

45,000 N (Rigid)

Wz

Fig. 2

| S
L e ]
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3. A thin-walled elastic frustum of a cone has the dimensions shown in the figure.
(a) Determine the torsional stiffness of this member, i.e., the magnitude of torque
per unit angle of twist. The shearing modulus for the material is G. [15%] (b)
What is the torsional flexibility of this member? [10%]

.1/m Wall thickness .
! pmm—— T e o - 1. """""""" !
(e 3 et 4 4 o i 6 4 ¢ 8 { L. 4:: diam.
e J
12” —

Fig. 3 (Figure of Problem 3)

4, Determine the equations of the elastic curves for the beam shown in the figure
due to the applied loading for the given boundary conditions. ¥ is the_total
loading results from the distributed pressure. The length of the beam is L, The
Young’s modulus and momentum of inertia are E and 7 respectively. [25%)]

Fig. 4 (Figure of Problem 4)

|

RN
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1. The concrete (specific weight = 150 1b/ft3) seawall has a curved surface and
restrains seawater at a depth of 24 fi. The trace of the surface is a parabola as
illustrated. Determine the moment of the fluid force (per unit dept) with respect to
an axis through the toe (Point A). 25%

W

....!.v':_' SRyt !
o o e e e L L 2 e &
b 151t

2. The results of a wind tunnel test to determine the drag force on a body are
summarized below. The upstream [section (1)} velocity is uniform at 100ft/sec.
The static pressures are given by Py =P, = 14.7 psia. The downstream velocity
distribution which is symmetrical about the centerline is given by

u=100-30[1- |y|/3] |yl =3
u=100 ly|> 3

where u is the velocity in ft/sec and v is the distance on either side of the centerline in feet.

Assume that the body shape does not change in the direction normal to the paper.

Calculate the drag force (reaction force in the x-direction) exerted on the air by the body

per unit length normal to the plane of the sketch. 25%

Vo - 109 1743
1
V’. w 100 ft/s r |
s stréamiine S
: [__ bt Sl T
| (7T 80 a3t
h | — st !
| B——— ‘ - - T—
- IR,
Section (1 - - -
T m'nl oluswe :
Section (2 A
- L

' ]
4 .
1 1
i ]



T e L S T ¥

%"‘%’Mﬂﬁkéﬁ R R
B RS BIE : FEs e

3. Design a viscometer for liquids that utilizes a small tank with a horizontal tube
connected to it. State a) all the necessary requirements for the system (10%), and
b} the procedure for determination of the viscosity of a given fluid. (15%)

]

4, In the figure to the right, the variation of the

local heat transfer coefficient along the
*- circumference of a circular cylinder in cross
flow of air is shown. Please answers the
following questions,
a)  Why the curves corresponding to the
lower Reynolds number have lower
local heat transfer coefficient (Nug) ? S - \
6% o2 N
b)  For the two curves at the bottom, why 70.800
the Nug decreases first to a minimum 200 all =
at 6 ~80°, and then starts increasing ? \ fﬂ =
(10%) 00
¢)  Forthe rest of the curves, they differ
from the first two curves in that they ¢ 4?;&“ zmﬁ:;'m 1%

have two minima for Nuyg. What

causes the sharp increasé following these two minima? (10%)
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1. Find each limit. [20%]
: 1000 . cSC X
(a) 11_1;13[): nx ) {(b) 1_1_1;[(}(008 x)

2
2. Find Zx{ if X —4y?+3=0. [10%]
3. Find Zx if y—cosz[x +2J. [10%]

4. Find the maximum value and*minimum value of f(x)= and xef-14].

2
A

[10%]

T AR
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1
. PBval x+1 /
4}’5\ valuate fo (x2 PPN 6)2 dx. C{l g)

revolved about the x-axis, thereby generating a cone (assume that r > 0, h > 0).

4756 The region bounded by the line y = (r/h)x, the x-axis,and x = his
Find its volume by the disk method and by the shell method. C/ P4 / )

i_’
417;7\ Find the volume of the solid ge;lerated by revolving the region bound-
ed by the parabolas y = x* and y* = 8x about the x-axis. ( { Y 74) .

}

ﬁz’hg .. Find the centroid of the region bounded by the curves y = x* and g
y = Vx. . -~ ( [ < )
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I HEERNRE TR TR, MR EE T SRR AR R
BIRSEE - RS DR R B S A SRR - 10%

2 W 2.1 R 2.2 BRI R R SRR LS.
10%

3. BTREARERTA D T wxﬂ%ﬁwﬁﬁsﬁﬁuﬁzxdw
10%

4. PEARE PSR R - mﬁ@ﬁmﬁmﬁm@mﬂﬁ » {EpEIR
B EE R R T ¢ RS fe e R » BRI ;
‘SRR —RSTEE . 10%

5. ESRHERETT RRNY - BE2 MRS B A - aﬁ%ﬁ%ﬁ%ﬁlﬁ ¥
MTERIES .  10%
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b. MMARR R ETH R LA (50%)
(1) RSB TELCBATHORR » HHilf4 CAE, CAD
B CAM? it re R AANBE - -(0/4)

) FHE—-FRItzmrEssg? (04)

. mET [ A
il

@.—-

G) B =i B — R MR BB 0 3 e o T3 2 e
' D
o wmages. (104)
% )
////L//I////

////W////I

B =
4) FMELYHFE—AXAEZAKAMAR? X CNS#FE
RHAMEAE? (104)

) H¥ i MRTERTASHTE? FREINA - (10/)

T




