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1.To solve the sy’stem S
X —x-y= 3t . T , o
Vi, ,u' 2 - T -7
Y T
x * y 5x 2y =5 (20 Z‘_)
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2.Finds the Founer transform of o
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. ‘3:Evaluate LH '2%dz along the parabola x =1¢., y=1¢*, where
'1€¢<2,and i=+-1. (20%) "
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4. G1ven'the equation y" # ay' + by (DN 7+ &) AR NP
IEAY + 2 + b =0 has double root A1, and one of the nontrivial solution

of eg.1 is €AX, show how to obiain the other nontrivial solution xeMX, .
AP -
(18%) ; o R
- - ‘ *

. 5. ‘Given two vectors A and B in R3 as below . -

' 1 -1 T .. .
g
-1 -1 : : .- :

(1) Please ﬁnd a surface in R3 whlch contams vecwrs A and B,
- (10%) T

X ’ : .
2 Pdinli { y ] is reflected by the surface obtainedin (1), find the

zZ - \
- - - ‘ N ) X X * )
- . linear transfqrma:tion from| y |to| Y (10% )
Z Z

(3) ' Find. the eigenvalues of above linear lransformatmn (6%)
- _@® Find the correspondmg elgenvectors for each elgenvalue
(6%)
- ( Note : Part A3 and Part(4) in Prob 5. may be directly obtained from
your geometncal sense ) :
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N vaen the graph of thu denvatwe of f(x) as shown below, please show S
- g ‘ all local maxlmum and minimum points of f(x) and explain why they are
Dl T . orare not (20%) LA '
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2. Ph,ase find lhe followmg integrals. ' = .
O _[e’”‘sm(bx) dx, where a and b are constams (15%)

\ 2)- J sinS(x')cos,(x) dx (15%). -~
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1. The following system consists of a mass m suspended througha
massless link of length L and a spring of stiffness #, as shown. When
the spring is unstretched, the link is in the horizontal position. Use the
principle of virtual work to calcilate the angle @ corresponding to the
equilibrium position of the system. [25%]
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2. Calculate the angular momentum of t};e wheel about 4.as shown in the ’ _
figure. The massless shaft of length L is rotating about the vertical
axis with angular velocity- w. It always remains in the horizontal
~plane normal to the wheel. Assuming that the wheel is rolling without
slipping. (2521 - o '
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3. The slender bars AB a.nd BC of the lmkage in Flgure 3 have mass m, 2m, and length

L respectively. The collar C has mass M. A torsional spring at 4 exerts a clockwise _
" couple 6 .on bar 4AB. The system is released from rest in,the posiﬁon 8=0and

allowed to fall, Neglecting fiiction, determine the angular veloclty W= d9£ dt of bar

ABasaﬁmcttonofGng_ﬂmdgﬂL (25%)-" > <=0

fia,
a

N , ' Figure3,_

4. Sée Figure 4, arm AB is rotating with an angular veloc1ty of 10 rad/s and an angular
. accelerauon of 30 rad/s? , both in the clockwise direction, Determme - .

(a) the angular acceleration of arm BC . [15%)] '

(b) the velocity at which itslides relative to the sleeve at C. [10%]
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] (25 /)Consnder a gas mixture whose apparent .molecular welght is 33 rmtlally
» . ‘at 3 bars and 300K, and occupying a volume of 0.1 m?, The gas. undergoes
an expansion-to 0:2 1’ during which the pressure-volume relation is pV'?
" . =C. Assume-the ideal gas model with'c, = 0:6-+ (2.5 x 10* )T, wheié T
is in K and c, has umts of kJ/kgK Neglectlng kinetic and potentlal energy
effects Determme
'(a)the mass of gas, in kg (67) T l' a
' .(b)the final pressure, in'bdrs. (&%) . '
.+ .7 (c)the final temperature, in K. (6%)

- L . - . -y
-

e (d)the work and heat transfer each in kJ. ( 7 ) B
. - LT . L _ R - - x
- A
v l" 1 ) l_. :_'7 v ’ N r . * ’1 '
. ¥ - . 4
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2 (25,{)Der1ve AS =R ln Pl/P + ¢, ‘I T /'[‘ for the entropy change of an ideal

gas undergomg"any reversiblé or 1rrever81ble process, by using the definition

. for the change in entropy ds = Oq/T along any reversible path connecting
the same ernd states. Assume constant specific heats.

A Isothermal
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3. (25%) « A Carnot vapor efri geratlon cycle uses ‘Refri gerant 134a. as the workmg
. » . ; fhud. “The reﬁ1 gerant enter$ the condenser as saturated vapor at: 28°C and
leaves as saturated liquid. -The' evaporator operates at a temperature of 10°C.

- »—States,your assumptions clearly,-then  -. X - . . Y. -
"+ a) Draw the T-s diagram, and detennme inkJ per kg of reﬁ1gerant fiow, "

, b) " the work input to the compressor, T - : -

-

- e b w s ow

. ©).. the work developed by'the turbine, . = _ . Cas
d) thé heat transfer to the refrigerant passing through the evaporator;-and -

oy e

g) the coefﬁclent of performance (COP) of the cycle (5% e¢ach ques’non)

- L]
- -

. -' 4 (25%) a) How does usefut work. dJﬂ'er from actual work‘? "For what kmd of

R systems are these two” 1dent1cal 27%) - - Cr e e ey,
n . b) Whati does the area enclosed by-the cycle represent on a P-v dragram?
" 4. " How about on a T-s diagram?(6%) > .
—), Considera s1mp1e ideal Rankine cycle with fixed turbine mlet
T T condmon What is the’ effect of lowenng the condenser pressure on
. Lo~ turbme yvork output and heat rejected ‘?(6%) R
e d) How does a dresel engme dtﬂ'er ‘from a gasohne englne'?(6%)
- '!E - - -: B { - P “ .
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Properties of Saturated Refrigerant 134a (Liquid-Vapor); Temperature Table o
Specific Volume Internal Energy Enthalpy Entropy
m'fkg kl/kg ki/kg : k¥/kg + K
Temp. | Press. Sat. | Sat. Sat. Sat. Sat. Sat. | Sat. |- Sat. Temp,
°C bars Lignid | Vapor | Liquid | Vapor | Liquid | Evap, | Yapor | Liquid | Vapor °C
4 Uy X i v Ur L By fl[‘ hg 5 5

—~40) 0.5164 | 0.7055 | 03569 | -0.04 | 204,45 0.00 | 222,88 | 222.88 | 0.0000 | 0.9560 ~40
-36 0.6332 | 07113 | 0.2947 4.68 | 206.73 4.73 | 220.67 | 225.40 | 0.0201 | 0.9506 -36
=32 0.7704 | 0.7172 | 0.2451 9.47 | 209.01 9.52 | 218.37 | 227.90 | 0.0401 | 0.9456 ~-32
~28 0.9305 | 0.7233 | 0.2052 14.31 | 211.29 1437 | 216.00 | 230,38 | 0.0600 | 0.9411 =28
~26 1.0199 | 0.7265 '| 0.1882 16,75 | 212.43 16.82 | 214.80 | 231.62 | 0.0699 | 0.93%0 | -26

—-24 11160 | 0.7296 | 0.1728 19.21 | 213.57 19.29 | 213.57 | 232.85 | 0.0798 ( 0.937¢ | —-24
-22 1.2192 | 07328 | 0.1590 2168 | 214.70 2177 | 212,32 | 234.08 | 0.0897 | 0.9351 =22
-20 .| 1.3299 | 0.7361 0.1464 24.17 | 215.84 24.26 | 211.05 | 23531 | 0,099 | 0.9332 | -20

—-18 1.4483 | 0.7395 | 0.1350 | 26.67 | 216.97 26.77 | 209.76 | 236.53 | 0.1094 | 0.9315 | -18
~16 1.5748 | 07428 | 0.1247 25.18 | 218,10 29.30 [ 208.45 | 237.74 | 0.1192 | 0.9298 | ~16

-12 1.8540 | 0.7498 | 0.1068 34.25 | 220.36 34.39 | 205.77 | 240.15 | 0.1388 | 0.9267 =12

-8 -2,1704 | 0.7569 | 0.0919 39.38 | 222.60 39.54 | 203.00 | 242,54 | 0.1583 | 0.9239 -8
-4 25274 | 07644 |°0.0794 | .44.56 | 224.84 | 44.75 | 200,15 | 244.90 | 0.1777 | 0.9213 -4
0 2.9282.17 0.7721 | 0.0689 49,79 | 227.06 50,02 | 197,21 | 247.23 | 0.1970 | 0.9190 0
4 33765 | 0.7801 | 0.0600 | S5.08 ; 229.27 5535 | 194.19 | 249.53 | 0.2162 | 0.9169 4
8 3.8756 | '0.7884 | 0.0525 60.43 | 231.46 | 60.73 | 191.07 | 251.80 | 0.2354 | 0.9150 8

12 4.4294 | 0.7971 | 0.0460 65.83 | 233.63 66.18 | 187.85 | 254.03 | 0.2545 | 0,9132 12
16 5.0416 | 0.8062 | 0.0405 71.29 | 235.78 71.69 | 184.52 | 256.22 | 0.2735 | 0.9116 16
20 57160 | 0.8157 | 0.0358 76.80 | 237.91 | 77.26 |. 18109 | 258.36 | 0.2924 | 0.9102 20
24 6.4566 | 0.8257 | 0.0317 §2.37 | 240.01 82.90 | 177.55 | 260.45 | 0.3113 | 0.9089 24

26 |- 6.8530 | 0.8309 | 0.0298 | 85.18 | 241.05 |- B5.75 | 175,73 | 261.48 | 0,3268 | 0.5082 26
28 7.2675 | 0.8362 - | 0,0281 88.00 | 242.08 | 88.61 | 173.89 | 262,50 | ©.3302 | 0.9076 28
30 7.7006 | 0.8417 | 0.0265 | 90.84 [ 243.10 | 91.49 | 172.00 | 263.50 | 0.3396 | 0.9070 30
2 8.1528 | 0.8473 | 0.0250 93.70 | 244.12 | 94.39 | 170.09 | 264.48 | 0.3490 | 0.9064 32
M 8.6247 | 0,8530 | 0.0236 96.58 | 245.12 | 97.31 | 168.14 | 265.45 | 0,3584 | 0.9058 34

36 9.1168 | 0.859¢ | 0.0223 99.47 | 246.11 | 100.25 | 166.15 | 266.40 | 0.3678 | 0.9053" 36
38 9.6298 | 0.8651 | 0.0210 | 10238 | 247.09 | 103.21 | 164.12 | 267.33 | 0.3772 | 0.9047 B -
40 10.164 . | 0.8714 | 0.0199 | 105.30 | 248.06 | 106.19 | 162.05 | 268.24 | 0.3866 | 0.5041 40
42 10.720 0.8780 | 0.0188 | 108.25 | 249.02 | 109.19 | 159.94 | 269.14 | 0.3960 | 0.9035 42
44 11.299 0.8847 | 0.0177 | 111.22 | 24996 | 112.22 | 157.79 | 270.01 | 0.4054 | 0.9030 44

48 12,526 0,898%. | 0.015% | 117.22 ) 251.79 | 11B.35 | 153.33 | 271.68 | 0.4243 | 0.5017 48
52 13.851 | 0.9142 | 0.0142 | 123.31 | 253,55 | 124.58 | 148.66 | 273.24 | 0.4432 | 0.5004 52
56 15,278 | 0.9308 | 0.0127 | 129.51 | 255.23 | 130.93 | 143.75 | 274.68 | 0.4622 | 0.8990 56
60 | 16813 | 09488 | 0.0114 | 135.82 | 256.81 | 137.42 | 138.57 | 275.99 | 0.4814 | 0.8973 60

70 21,162 | 1.0027 | 0.0086 | 152.22 | 260.15 | 154,34 | 124,08 | 278.43 | 0.5302 | 0.8918 70
80 26324 | 1.0766 | 0.0064 | 169.88 | 262.14 | 172.71 | 10641 | 279.12 | 0.5814 | 0.8827 80
9 32435 | 1.1949 | 0.0046 | 189.82. | 261.34 | 193,69 | 82.63 | 276.32 | 0.6380 | 0.8655 90
100 39.742 | 1.5443 | 0.0027 | 218.60 | 248.49 | 224.74 | 34.40 | 259.13 | 0.7196 | 0.8117 | 100

13 x  memam
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1 The 1-in. -dlameter rod issubjected to the-loads shown.> ..+ _ )
(a)- Determine the state of stress at point A, -and show the results on a

differential element located at this pomt (20%)
. (b) If the failure stress at A is 10 ksi‘and the maximum stress cntenon is" -’

‘used, determine the safety factor at pointA. .. ., . - (%
g ' Y-

2. (a) Show that the” deﬂectlon at A for the cantllever beam due to force P .

atAis , - )
. . » '
. RN ;2 VP, - (8%)

!
o
3

s 5

1
R

L] —~r . . . W
L - - .

(b) Show that the deflection at Afor the cantilever beani due to force P at

o - Bis S .
sz(3L--b) w . s - . :
. C (8%
. YT e E'“(O)* |
o o Ar 8 | - v ‘
e . : ._7 }_—'.ta"*'*“'—e—':_——"— . . ot ol - . \,
] -
l

- - - . . ' . . -
- R - e ., -

PR (c) A;?lg:m cantllever beam of constant ﬂexural rigidity, EI 107 Ib-in%
“initially” has-a _gap of 0.02 in between its end and the spring. The
! spring constant 4= 10 Ibfin . If a force of 100 1b is applied to the

beam, how much of this force w1ll be carried by the spnng? (9%)

- [

0.02"

5" 15--,
_ 1 +

' ~1100|b -
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.3. The truss consists’ of seven pin—connected.' 50-mm-diameter rods.  Young’s

modulus E =200 GPa and Poisson’ s ratlo y=03 for .the rods. In the rod A8,

calcuilate: (a) the normal stress and shear stress-on the cross section; (b) the total

.elongatlon, (c) the change in its diameter. - 1f the pin at D is sub_]gcted to double

shear, ‘determine (d) the shear stress in the pin.

- to B A —r
v te o T b
ldm .
L. l 37 10 kN
- s E
l.STm, l
-_L . 1§ kN

4. A ﬁon;)ﬁsma;ié BA;%MBC of total l;:;léth L is held between rigid sup;;orts. The
cross-sectional areas 'for the left half ar!d the right half of the bar are A; and A,
reépecti\;ely;‘ Young’s modulus s E and the coefficient of thermal expansion is & .

- for the whole bar. Aés'_'mpiﬁédthat the bar is subjected to a uniform temperature
dropgaﬂ’i')‘*“dérlive the expressibns fof, (a) the axial stress in the bar; (b)'the strain

T~ m the bar (c) dlsplacement of point B and its dlrectlon (toward the left or the

ngh’)“ "”[25%] ——
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1.” Given the'systehl shown Bé}b’w, find the following; '
RO+ + . s TS o

= Isus#n|” |7 | st >
Y N - e RN
— 5 ‘
” - - ' ¢ Ten G L1
(a) The closed-loop transfer function (%) . « T ’ - L., ]
'(b) The system type (5%)-- L T DU T

" (c) The steady-state error for an mput of Stu(t) (where u(t) is a unit step functlon) (5%) -

- e e - L el

(IOOA) 1% c A L
-&" ” ~? - -
o " ;_ ) ) - L :f_ \-.
H ’ oy '
',».,;""“"’ T T '
-2, For the followmg unity feedback system, ﬁnd the range of gain, K, for stablhty by
usmg LT~ “ ' . Y
(a) Routh-Flurwitz Criterion (10%) S Coa )
(b).Nyquist Criterion. (15%) . ., * .
.‘ . ) . * . : . . - " - . “—
SONP S S B
e e — = : . . s
" S(S+3X(SH5) |
» l— ‘r - e ,!'
+ - " == A T . T oar, mrte T
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3. Consider. the system shown in Fig‘ 3a. . - ' o

i -~ I - ~- - =

. R
A . . .
"-

(A ) If f (e) is as shown in Eig,,3b;and r(t)-— 1, determine the steady-state error. between'
y and r (i.e. steady—state value of ¢). (6%) -

(B) If f(e) is as shown in F1g 3b, and r(t)'= 2 - 23‘5‘ determirfe. the steady-state value
of e. (6%) . . ‘ '
(C) If f(e) is as shown in Fig. 3c, and r(t) = 10, determine the steady-state value of e.
(%) - . : . oL
R Ve f(e)"u" Ll sy -
e , -] - 72545 -
P A .
3 - --.,--*-n-:“‘v . " “ i
u Fig, 3a: : Cou
3 ...... 3 .....
O PR I R O W ‘
-1 L . ' v BN
Figd L T, Egki T 7

4. Consider the systemi described by

. g .—:—;c‘-‘:_ -10 ) 1 ;C + 0 u 0 d -
- =20 3 2 1
y = [2 ljx+n ;
where d a.nd-.n ale constants. ) ) . .

(A) Let w= —-ky Find all values of k for which the system is stable. (8%)

(B) If d =1, n = 0, and-u-=-—ky; ﬁnd all values of k for which the steady-state value of
ly| is smaller than 0. 1 (6%) - )

CIfd=1,n= 0.3, and u = —ky, find all values of k for which the steady-state value
of |y| is smaller than 0.1. (6%)

(D) Is the systern observable? (5%) . )
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1. Air flows through the‘de\‘/ice shown in the following figure. - If-the flowrate is large

enongh, the pressure within the constnctmn will be low enough to draw the water up 1nto

~ the tube.~ Determine the flowrate,Q, and the pressuie néeded at sectmn (D to draw the
water‘into.section (2).. Neglect comipressibility and:v1sc0us effects (25%) - -

. - - x
® [ P KRN --_‘s Vo

2.A viSco;i.s,' in-eorr_;plieseible fluid flows between the two infinite, vertical, pa:ailel plates of
the fo]léfavingt figure.” f)etermine, by use of: the Navier-Stokes equation.? an expression
* for thhe pressure gradlent in the direction of ﬂow Express-your answer in terms of the
mean- velocity. Assume that the low is lammar, steady, and uniform. ~ (25%)
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© 7=, Direction of .ﬂaw -
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3. The hot combustion gases of a furnance are seperated from the

. ambient air and its surrounding, which are at 25°C, by a brick wall
0.15m thick. The brick has a thermal conductivity of 1.2 W/Km and
a surface emlsswlty of e =0. 8." Under steady—state conditions the
inside surface temperature of ‘the furnace is maintained at 352°C. .
Air flows over the outside surface of the furnace is characterized with

" a free.convection coefficient of h =20 W/Km*  What is the brick

surface temperature at the furnace outside ? (the Stefan-Boltzman
constant 6 = 5.67x10° W/im*KY)  (25%). *

* " Combustion 3
<, gases 4

k=1.2Wm K —Eaa

4 Airat25°C (air den51ty 1.085 kglms) flows over a 1-cm diameter
sphere with velocity of 25 m/s, while the surface of the sphere is
maintained at 75 °C. Thé drag coefficient is Cp = 0.4 and‘the heat
transfer coéfficient is h=200 W'/Km2 (a) What is the drag force on
the sphere? (b) what is the heat transfer rate from sphere to air?

I Y

(25%) - T Lo
. T D2 0.0lm -
T,=25°C.—» _;:’_7_'5
25mfs —>




