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-1, Find constants ¢, and ¢, such that the set of functions {_x, X, xtox’ +c2x’}

4

is orthogonal with respect to the weight function

[-2,2]. (10%)

2.  Find a continuous solution satisfying

ds 0, 0st<1’
@ PR [xwdr, 21

and the initial condition x(0)=1. (5.0%) ?

. 13 . 2 r
3.  Consider the initial-value problem %;EJE +2x=2cost,

w(x)=1 on the interval

%(0)=0, x'(0)=0. Find

a function A(f) such that x(f) equals the convolution of A(t) and cosz, that

is, x(f)=Ah(t)*»cost= j:h(r) cos(t—7)dz. (10%)

3

- 0, ~zw<t<0
4.  The Fouri iesof f(t)=4 .
| ¢ Fourier series of f(1) {sinr 0<t <

J m—+-;-81 t+—2(“1) +Icosm‘.'

T a2

is given by

Let us define.a function g(f)=f(f)+¢ on the interval (-7, 7). Expand g(f)

in a Fourier series. (10%)
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5. (30%)

(a) Please show that the following integral is independent of any path C
between (-1,0) and (3,4), and evaluate it.

[LO* - 6xy+ )de +(2p = 33"y
(b) Please find the work done by F =xi + 37 along the curve C traced by

F(£) = cos(t)i +sin(r)] fromt=0tot=r.

(¢) Please evaluate the double integral (as shown below) over the region

bounded by the graphs of y=1,y=2,y=xandy =-x+35,
HR emydA.

6. (20%)
Please show the area of tnan gle defined by two vectors 4and5 ,

. which belongs to R? space is é\ﬂﬁrlﬁlz ;(Z-ﬁ)’
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1. The three steel bars shm:vn in Fig.1 are pin comiccted to a rigid member, If the
applied load on the member is 10 KN, determine the force developed in each bar.
Bars AB and EF each have a cross-sectional area of 25 mm?, and bar CD has a
cross-sectlonal area of 15 mm?. Esteel= 200GPa (25%) '

C Yy
Bl - D\g{ " F \:{""‘1 -
” UL_S;n

2. The pipe shown in Fi g2 has an inner diameter of 80} mm and an outer diameter of
100 mm, If its end is tightened against the support at Ausmg a torque. wrench at B,
determmc the shear stress developed in the material at the inner and-outer walls
along the central portion of the pipe when the 60-N forces are applied to the

wrench, (25%)
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3, An axial force of 900 N and a torque of 2.5 N-m are applied to the shaft having a diameter of
40 mm. At point P on its surface, determine: [a] the state of stress; [b] draw Mohr’s circle

for this case (& AR RRTAEABEAARBIZERD;
" stress . Y Y normal stress Fe/js s [d] SRTE principal stress & FFi{EH HY.shear stress .

PIX

(25%)

*

" Figire for Problem 3

[c]3kFE ma;cimum in-plane shear

4. The beam is subjected to a load P at its end. Both Young’s modulus E and the moment of

[a] Draw the shear and moment diagrams
for 'the beam: "[b] Detcrmme the e guanons of the elastic curve (v and v4) for the beam using

mertla of the cross-sectlonal area I are constant

thex; (0=x < 2a) andx; (0sx,<a) coordinates.

[d] Determine thc maximum deflection of the beam betwéen 4 and B

R

l—*l—'l

2a

m“ ms"gjsr-‘";.; T i e
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L

+™ Figure for Problem’

[¢] Determme the, displacement at C.
. (25%)
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1. For the DC motor system shown below; the oloctriogl circuit generates a current
which is proportional to the torque 7, applied on the motor shaft with inertia J:

om
L ' "M

Tuzx'i ] ‘.a- ) N * Y. ' . !

The baoic-EIv.J;F voltagc v, generated by the motor is proportional to the motor
speed @: ' - KU y " -
;vm =Ko

The friction torqué -7, applied to the mofor is proporﬁonal to the motor speed o

'L
n *

t,=80 o .

‘(1) Find the transfer ﬁmjction between the shaft angle '6(s) and the motor

torque T,(5),ie. 8(s)/7,(s). - (10%)
(2) Find the transfer function between tho shaft speed ox(s) and the input ’
voltage v,(8),ie. a(s)/y,(s). » T (10%)

(3) Gwen V as the’ mput voltage, what will be the motor speed at steady-stato?

- Q
S L (5%)
et .
L)
- 1 . * "
d
3 *
' . o, . hd o . -';'* .
P R . ;! ) ‘" ,
N T @ 0 .
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2. A single-input; single-output 's.ysicm has the following state-space equations:
i b 0 I x + 0 = "
= i ]
~3 -4 1] R 3

y=[io o} | T

-

’ -
3 L]
Il

_(2) Find the system poles. i ‘ (10%) -
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(1) Deiertnine the transfer function G(s) = ¥(s)/U(s). _ (15%) .
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3. Find the range of gain, X, to ensure stablllty in the unity feedback system :
with (25%) : : g .

K(s+2) -
(s> +1)(s+4)(s-1) .

G(s) =

RO N
| xf_ 6 FT>
oo S l . r
4. The tg'a}isi':gr function of a unity feedback control system is Co

G(s)— 0 - ¥
S +11.s'+10 .

~

(a) Fmd the corner frequencles (break t'requency) (7%)

(b) Find the slopcs of asymptotlc lines for smatll frequency and large
frequency, respectively. (8%) T CoL _

(c) Sketch the Bode plot. (10%) . . © ¢
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I FURBMRBIIESNE (laser boan) AMEE&? (10%)
RIREANDEIRE, B (Lassr bean) EEAEAN?
(10%)° '

" {88 laser. cladding? (10%)

2 FUBEERRIRREMIE, SRR AR
B2 (10%) WHEFEE, LTREHHERIM? (10%)

- I ) I [y
- et - - " B or e . . e s\t e i
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3, Anideal Sp}ing with stiffness constant K= 400 N/m is attached to a stationary
S .« . block of mass 4kg as in Fig, 1, A2 kg block approaches at 8 m/s. (a) What.is the
maximum compressmn of the sprmg? (b) What are the final velocities of the two

blocks? T;h,e motion occurs ona honzon}al frictionless surface. (25%)

LI 4

uooe "zks - * 4"3 . ’

F .

+ n

4. A proton, of mass 1.67 x 10 kg, enters the re gion between two parallel plates'a
distance 20 cm apart, There is a uniform electric field of 3 x 10° V/m between the

plates, as shown in Fig. 2. If the.initial speed of the proton is 5 x 106 m/s, what is
. Lhe ﬁnal speed? (25% )

-
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1. Consider a piston~cylinder device with a piston surface area of 0.1 m?
initially filled with 0.05 m® of saturated water vapor at the atmospheric
pressure of 100 kPa, Now cold water is poured outside the cylinder, and
the steam inside starts condensing as a result of heat transfer to the
cooling water outside. If the piston is stuck at its initial position,
determine the friction force acting on the piston and the amount of heat
transfer when the temperature inside the cylinder drops to 30°C. (25%)

Cold

2. A balloon that initially contains 50 m® of steam at 100 kPa and 150°C is
connected by a valve to a large reservoir that supplies steam at 150 kPa
and 200°C, Now the valve is opened, and steam is allowed to enter the
balloon until the pressure equilibrium with the steam at the supply line is
reached. The material of the balloon is such that its volume increases
linearly with pressure. Heat transfer also takes place between the balloon
and the surroundings, and the mass of the steam in the balloon doubles at
the end of the process. Determine the final temperature and the boundary
work during this process. (25%)

kP
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3. Air enters an adiabatic compressor at 100 kPa and 17°C at a rate of 2.4

. a’ |5, and it exits at 257°C. The compressor has an isentropic efficiency of
84 percent. Neglecting the changes in kinetic and potential energies,
determine (a) the exit pressure of air and (b) the power required to-drive the
compressor. gas constant, R=0.2870 kikgk  (25%)

4. Consider a steam power plant that operates on a simple ideal Rankine

_cycle and has a net power output of 45 MW, Steam enters the turbine at 7
MPa and 500°C and is cooled in the condenser at a pressure of 10 kPa by

_running cooling water from a lake through the tubes of the condenser ata
rate of 2000 kg/s. (a) Show the cycle on a T-s diagram with respect to
saturation lines (5%), and determine (b) the thermal efficiency of the cycle
(10 %), (c) the mass flow rate of the steam (5%), and (d) the temperature rise
of the cooling water (5%). .
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Idaal-gas properties of air
F n u 5" T n ) 5
K kg £, kg vy kg - K K Wikg P, Wi v kiikg + K
200 189,97 03363 142,56 1707.0 1.29559 530 586.04 14,38 410,55 1157 2,37343
210 209.97 0.3587 149.69 15120 134444 590 556.52 1531 427.15 1106 2.39140
220 219.97 0.4690 15682 13460 139105 600 607,02 16.28 43478 1058  2.40902
230 23002 05477 164,00 12050 1.435%7 610 617.53 17.30 442,42 101.2 242644
240 24002 0.6355 171,13 1084.0 1.47824 620 6€28.07 18,36 45009 9692 2.44355
250 250.05 10,7329 178.28 979.0 1.51917 630 638,63 19.84 457,78 9284 246048 .
260 Z60.09 08405 18545 B837.8 1.55848 640 64922 20.64 46550 B899 247716
270 27011 0.9%90 192,60 B08.0 159634 650 659.84 2186 47325 58534 249364
280 280.13 11,0889 199,75 7380 1.63273 650 6&70.47 2313 48101 81.89 250285
285 288.14 11,1584 203.33 7061 1.5305% 670 68114 2446 48881 7861 2.52589
290 29016 12311 206,91¢ 6761 1.66802 680 69182 2585 49662 7550 2.54175
295 29517 13068 210,43 &47.9 1.68515 L6900 702,52 27.29 504453 72956 2,55731
298 298,18 1.3543 21264 631.9 1.69528 700 713,27 2B.80 51233 6976 2.57277
300 3oy 13860 21407 6212 1.70203 710 724,04 30,38 520,23 67.07 2.58810
305 30522 14685 217.67 596.0 1.71865 720 734.82 3202 52814 6453 2.60319
310 310,24 1.5546 221,28 §72.3 173458 730 748.62 33,72 536,07 6213 261803
315 31527 1,6442 22485 5498 175106 740 756,44 3550 54402 5982 2.63280
320 320,29 17375 228.42 528.6 L.76690 750 767.29 - 37.35 551.99 57.63 2.64737
325 32531 1.8345 23202 5084 1.7824% 760 778,18 39.27 %6001 55,84 2.66176
330 33034 19352 23561 4B9.4-1.79783 780 800.03 4335 576.12 51.64 265013
340 34042 2,149 24282 4541 1.82790 800 821.85 4775 $92.30 48.08 2.71787
350 35049 22379 250.02 422.2 1.85708 820 84358 5259 608.59 44.84 2.74504
360 360.58 2.626 25724 3934 188543 840 B66.08 57.60 62495 41.85 277170
370 370,67 2892 26446 367.2 1.91313 860 £888.27 63.09 64140 39.12 279782
380 380,77 3.176 271,69 3434 1.94001 880 910,56 6B.98 657.95 3661 2.82344
390 35088 3481 27893 3215 1.96633 900 932,83 75.29 67456 3431 284856
400 400,98 3.806 286,16 3016 1.95194 920 95538 8205 69128 3218 287324
410 411,12 4,153 29343 2833 201689 940 977,92 8928 70808 3022 289748
420 421.26 4,522 30069 286.6 204142 960 1000.55 97.00 72502 28.40 292128
430 431.43 4915 30799 251.1 206533 980 1023.25 1052 74198 2673 2.94468
440 441.61 8,332 31530 2368 208870 1000 1046.04 1140 75894 2517 296770
450 451.80 5.7% 32262 2236 211161 1020 1068.89 1234 77610 2372 299034
460 462,02 6,245 320.87 2114 2.13407 1040 1091.85 1333 79336 23.29 3.01260
470 472,24 6.742 337.32 2001 215604 1060 111486 14385 81062 21.14 3.03445
480 48249 7.268 34470 1895 217760 1080 1137.89 1%%2 @827.88 1398 3.05608
450 492,74 7824 33208 1797 2.15876 1100 1161,07 167.1 84533 183896 3.07732
S00 50302 38411 35949 170.6 2.21952 1120 118428 179.7 862,79 17.888 3.09825
510 513,32 9.031 36692 1621 2.23993 1140 1207.57 193, 880.35 16,946 3,11883
520 523,63 9.684 37436 1541 2.25997 1160 123092 207.2 897291 16.064 3.13916
530 533.98 10.37 381.84 1487 2.27967 1180 [254.34 2222 91857 15241 3.15914
540 54435 11.10 389,34 139.7 229906 1200 1277.79 2380 933331 14470 3.17888
550 55574 11.86 396.86 133.1 231809 1220 1301.31 254.7 951,09 13.247 3.19834
560 565,17 1266 404,42 127.0 2.33685 1240 132493 2723 96895 13069 2321751
870 575,53 13.50 411.97 1212 235531




BLAGS B

o — 3 L]
L B AL E MR K E R R
‘] :._: =2 | - m
¥ 96 BEREETIIABREEHEE BE @ R
Saturated water—-Temperatura table
Specific valume, {nternal energy, Enthalpy, Entropy,
Mg wifkg Wiikg kifeg « %
Sat, Sat. Sat. Sat Sat, Sat. Sat, Sat. Sat.
Temp., press,  Jiquid, vapaf, liquid, Evap., vapor,  liguig, Evap., vapor, lquid, Evep., vapor,
T°C  PukPa v v ur ™ U hy hy By 54 5 5
0.0} 06117 “D.00IN0C 20600 0000 23749 23749 0001 25008 29009 ODO0Q 9.1556 9.)556
] 08725 0.001000 14703 21.01% 23608 23816 21020 24861 25100 0.0763 859487 9.0243
10 12281 00601000 10692 42020 23466 23887 42022 24772 25192 01511 87488 B.8999
. 15 17057 0.001001  77.886 62980 23325 23955 62082 24654 25283 0.2245 85650 B.7603
o] 23292 0001002  S7.762 832911 23184 24023 83515 24535 25374 02965 B8.36956 A.6661
25 31658 CROOLOU3 43340 104.81 23043 24090 1D4.83 24417 25465 03572 81895 a8.5567
30 42469 OOOLO0A  32.879 12673 22902 24159 12574 24298 25556 04369 BOIG2 8.4520
as 545291 0001006 25205 14663 22760 24227 13664 74179 25646 05051 1.846 835817
40 73851 0401008 19515 187.63 22510 24294 16753 2406.0 25735 O0.5724 7.6832 B.2556
45 95953 Q001010 15251 188.43 22427 24}6.1 18844 23940 25824 0.6386 75247 81633
Saturated water—Pressura tabla
Specific volume, internal energy, Enthalpy, * Entropy,
kg hikg kg klikg « K
Sat. Sat, Sat. Sat. Sat. Sat. Sat,  Sat. Sat,
Press., temp., liquid, VApOL, liqud, Evap., vapof, liquid, Evep, vapor, liquld, Evap., vapor,
PPA_T"C v ¥, U Uy U, by hy - 5 Se 5y
10 6.97 0.001000 129.19 29.302 23552 23845 29303 24844 25137 01059 A.BG50 B.5M5
15 13.02 0.001001 87,964 £4.686 23381 23928 54.583 24701 25247 0.1956 85314 88270
20 17.50 0.001001 £6.920 73.431 23255 23989 73.433 2453.5 25329 0.2606 24621 87227
25 21.08 0.001002 %54.242 B8.422 23154 2403.8 B3.424 24510 25394 0.3118 83302 8.6421
30 2408 0001003 45.654 10098 23069 24079 10098 24439 25448 0.3543 8.2222 B.5765
4.0 28,96 0.001004 34.791 12139 22931 24145 12139 24323 2551.7 04224 80510 BA73M4
50 3287 0001005 2B.18% 137,75 22821 24198 137.75 24230 2560.7 04762 18176 B8.3338
7.5 40.29 0001008 19.233 16874 22611 24298 16875 24053 25740 05763 1.6738 B.2501
1a 4581 0.001010 14.670 19179 22454 2437.2 191.81 23921 25839 0.6492 74956 B.1488
15 53.97 0.001014 10.020 22593 22221 24480 22554 23723 25983 0.754% 7.2522 8.0071
20 6006 0.001017 7.64B1 25140 22046 24560 25142 2357.5 2608.9 0.8320 70752 7.5073
25 64,96 0.001020 62034 271383 21904 24624 27196 23455 2617.5 0.8932 6.9370 7.8302
[ 6009 0001022 52287 28924 21785 24677 283.27 23353 2624.6 0.9441 6.8204 77675
40 75.86 0001026 39533 3217.58 2158.8 24763 317.62 23184 26361 1.0251 6.6430 7.6691
50, 8.3z 0.001030 3.2403 340,49 21427 24832 34054 23047 26452 1.0912 65019 7.5931
75 9176 0.001037 22172 38436 21118 24961 38444 2278.0 2662.4. 1,2132 6.2426 7.4558
100 99.61 0.001043 16941 417.40 20882 25086 41751 22575 26750 13028 6.0562 7.3589
101325 ©9.97 0001043 16734 41885 20870 25060 413.06 2256.5 2675.6 1.3069 &£.0476 7.3545
125 105,97 0.001048 13750 44423 20688 25130 444,36 22406 2684.9 1.3741 59100 7.2841
150 111.35 0001053 11594 46697 20523 2519.2 467,13 22260 2693.1 14337 57894 .7.2231
175 116.04 0.001057 1.0037 486,82 2037.7 25245 487.01 2213.1 27002 1.4850 568585 7.1716
200 12021 0.001061 0.B8578 504.50 20246 2529.1 504,71 22016 27063 1.5302, 5.5968 7.1270
225 123.97 0001064 073329 62047 20127 25332 520.71 21910 27117 15706 585171 7.0877
250 127.41 00Q1067 071873 53508 20018 25368 53535 21812 27165 1.6072 54453 7.0525
275 130.58 0.00107G 0.65732 54857 19916 25401 54886 21720 27209 1.6408 53800 7.0207
300 .133.52 0.001073 0.60582 56111 18821 2543.2 66143 21635 27249 16717 63200 6.9917
325 136.27 0.001076 056199 572.84 159731 25459 57315 21554 27286 1.7005 5.2645 6.9650
350 138.86 Q.001079 0.52422 583,89 15646 25485 584.26 21477 27320 17214 52128 &6.8402
s 141,20 0001081 0.49133 £94.32 19566 25509 594,73 21404 27351 1.7526 5.1645 69171
400 18361 D.ODLOB4 046242 60422 19489 25531 604.66 21334 27381 17766 51151 6.8955
450 147.90 0.00L088 0.41392 622.65 19345 2557.1 62314 21203 27434 1.8205 5.0356 6.8561
500 151,83 0.001093 037483 63954 19212 25607 640.09 21080 2748.1 1.8604 4.9603 6.8207
550 155.46 0.001097 0.34261 655.l6 19088 25639 65577 20966 27524 1.8%70 4.8916 6,7886
&00 158.83 0.001101 0.31560 669.72 18971 25668 670.38 20858 2756.2 19308 4.8285 6.7593
650 151,98 0.00l104 029260 6B3.37 18861 25694 684,08 20755 2759.6 19623 4.76%9 6.7322
‘700 164.95 0.0CL108 0.27278 &96.23 18756 2571.8 697.00 206858 27628 1.9518 4,7153 &.7071
750 16775 0.00lL111 0.25552 708,40 18656 25740 709.24 20564 2765.7 2,0195 4.6642 66837
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T " u h S v u h s v u h 5
*c mikg kg Kikg KiAkg«K| mikg kg kikg mimgeKl mixg Kikg kikg kikgeK
P = (.01 WFa (46.81'C)* £ = .05 MPa (81,32°C) P = 0,10 MPa (99.61°C)

Sal¥ 14670 24372 25839 68.1488f 3.2403 24832 26452 75031 1.6041 2505.6 28750 7,3589
50 14,867 2443.3 2p%2.0 81731
100 17.196 25155 26875 8.4489| 34187 251L5 26824 7.6953 | 1.6909 2506.2 267658 7.3611
150 19513 25879 27830 68,6893 J.8897 2585,7 27802 7.9413 | 1.9367 25829 27766 7.6148
200 21.B26 26614 2879.6 B8.9049| 43852 2660.0 28778 81582 | 21724 2658.2 2B76.6 7.83%6
250 24.136 27361 2972.5 6.1016| 4.8206 27351 2976.2 8.3568 | 24062 27339 29746 80346
300 26446 28123 30767 9.2827| 5.2841 28116 30758 4853871 2.6389 28107 30745 82172
400 1063 2969.3 32800 S.6094| 62094 2968.9 32790 4.B86B9 | 3.1027 29683 3278.6 B.5452

‘500 35.680 31329 34897 6.8398| 71338 31326 34853 9.1566 ] °3.5655 31322 34887 8.8362
600 40206 330323 3706.3 101631 80577 33031 37060 9.4201 | 4.0279 33028 37056 9.0599
700 44,011 34808 3525.9 104056| 85813 3480.6 3929.7 0.6626 | 44900 34804 39204 9.3424
800 49527 36654 4160.6 10.6312| 9.9047 36652 41604 0.8883 | 4.9519 36650 41602 49,5682
00 54,143 38569 43983 108429 108280 3856.8 43982 )0.J000 | 5.4137 38B6.7 4398.0 4§.7800

1000 £8.258 4055.3 46428 11.0429| 11,7513 40552 46427 103000 | 58755 40550 46426 65,5800

1100 63373 4260.0 4893.8 11.2326| 1267453 42599 4893.7 104697 | 63372 4209.8 4B93.6 10.1608

1200 €7.98% 4470.9 51650.8 114132| 135977 4470.8 5I50.7 10.6704 | £.7988 4470.7 51506 10.3504

1300 72,604  4537.4 54134 11.5857| 145209 4687.3 '5413.3 10.8420 | 7.2605 4687.2 5413.3 10.5229

A= 020 MPa {120.21°C) P = 0.30 MPa (133.52°C) F=0.40 MPa{143.61'C)

088573 25291 27063 21270 060582 2643.2 27249 6.9917 | 04624225531 27381 6.8856
095586 25771 2763.1 7.2810{ 053402 25710 27612 7.0792| Q47088 2564.4 2752.8 6.5306
1.08049 26546 28707 7.50a81] 0.7)643 2651.0 28659 7.3132, 0.534332647.2 28609 7.1723
1.15890 2731.4 2071.2 7.7100| Q79645 27289 2979 7.51801 Q.55520 27264 29645 7.3604
131623 23088 30721 7.8%41| 087535 2807.0 3069.6 7.7037 ] 0.65489 28051 3067.1 2.6677 .
1.54934 29672 32770 8.2236] 1.03155 29660 32755 B.0347 | 0.772652564.9 32739 7.5007
1.78142 31314 34877 8.6153| 1.18672 31306 34866 B.3271 | 058936 31208 34855 41933
201302 33022 3704.8 3.7793| 134139 33016 37040 85915 | 10055833010 37033 84580
224434 34799 39288 9.0221| 149580 34795 35282 8.8345| 1,321523472.0 33276 8.7012
247550 3664.7 41598 92479| 1.65004 3564.3 41593 90605 | 123730 36639 41589 8.9274
270656 3855.3 43977 94598| 1.B0417 38560 43973 9.2725( 135258 3855.7 4396.9 9.13%4
293755 40548 46423 9.6599| 1.95824 4054.5 4420 04726 | 14685940543 46417 9.3306
3,16848 4259.6 48933 98497 211226 42594 4B93.1 9.6624 | 1.58414 4259.2 4E52.9 19.5295
339938 44705 51504 10030471 226624 4470.3 051502 9.8431 | 1.69%66 44702 51500 9.7102
1300 363026 46871 5413.1 102029} 242019 46869 54130 10.0157 | 181516 4685.7 54128 9.8828

Superheated water {Continued)

SRR S

T v U i s v u h 5 v u h 3
°C mikp  kikg kikg kikg-K m’!kg_ Rikg kikg  kihg-K m¥hg KA kA kg K
P = 4.0 MPa (250.35°C) P w45 MPa (257.44°C) P = 5.0 MPa (263.54°C)

SaL 0.04578 26017 28008 6.0696 & 004406 2699.7 27980 60198 (003945 25970 2704 59737
275 0.05461 2668.9 2B37.3 62312 | 0.04733 26514 2864.4 6.1429 |0.04144 26323 28395 6.0571
300 005887 2726.2 2961.7 6.3639 | 005138 27130 29442 62854 004535 2699.0 20257 £.2111
350 0.06647 28274 30933 6.5843 | 005842 28186 30815 65153 005197 2809.5 30683 64516
400 0.07343 29208 3214.5 6.7714 | 0.06477 2914.2 3205.7 67071 | 005784 2907.5 31967 6.6483
450 0.08004 20110 23331.2 £.9386 |{0.07076 30058 33242 68770 |0.06332 30006 33172 6.6210
500 0.08644 31003 34460 "7.0922 [ 007652 30960 34404 7.0323 |0.06858 30918 3434.7 69781
600 (09886 32794 36749 73706 008766 32764 3670.9 73127 {D.07870 32733 36669 7.2605
700 011098 34624 59063 76214 | 009850 3460.0 39033 75647 |0.08852 34577 35003 7.5136
860 0.)2292 36506 41423 7.8523 { 010916 36488 41400 7.7962 |D.U9B1G 236465 4137.7 7.7458
500 0.13475 3E44B8 43839 BUO675 [ 011972 3B43.3 43821 &8.0118 1010769 aedl.a 43802 7.9610
1000 0.14653 40451 -4631L.2 B.2698 ] 0.13020 4043.9 4629.8 82144 |011715 40426 46283 B.1648
1100 0.15824 4251.4 48844 84612 { 014064 42504 48832 84080 10.12666 4249.3 48B2.1 8.3566
1200 016992 44635 5143.2 86430 | 015103 44626 51422 85880 (013562 44616 51413 aS53s8
1300 0.18157_4680.9 5407.2 B.al64 | 016140 46301 5406.5 8.7616 |0.1452Y 4679.3 54057 8.7124

P = 5,0 MPa {275.55°C) P w 7.0 MPa (2835,83°C) P = 8.0 KPa {295,01*C)

Sal.  0.03245 25899 27846 58502 | 0027378 25810 27726 58148 [0.023525 2570.5 27587 5.7450
300 003619 26684 288546 6.0703 | 0029492 2633.6 2833.9 69337 [ 0024279 25923 27865 5.7937
350 004225 27904 3043.9 63357 | 0035262 27701 30169 6.23056 |0.029975 2748.3 29681 6.1321
400 004742 28937 31783 65432 | 0.039958 2879.5 3169.2 64502 | 0.034344 2854.6 31394 63658
450 " 0.05217 2989.9 33029 67219 | 0.044187 2879.0 32883 66353 0038194 2967.8 32733 6.5579
500 0.05667 3083, 34231 68826 | Q048167 3074.3 34114 6.8000 |0.041767 0654 33995 6,7266
550 006102 3175.2 38413 70308 | Q051966 3167.9 3B31.6 6.9507 |0.045172 3160.5 3521.8 6.8800
600 DO6527 3267.2 3658.8 7.1693 | 0.055665 3261.0 36506 7.0910 |0.048463 3254.7 36424 7.0221
700 007355 3453.0 35543 7.4247 | 0062850 34483 3853.3 7.3487 | 0.054829 3443.6 38822 7.2822
80O 0.08165% 3643.2 4133.1 76582 | 0.059856 3838.5 41285 7.6836 (0.061011 36357 412348 7.5185
900 008564 3838.8 4376.6 7.8751 | 0.07675Q0 3836,7 43730 7.8014 jO.0670B2 38327 43693 77372
1000 0.09756 4040.1 46254 8.0786 | 0083571 40375 4622.6 B.0058 [0.073079 40350 4619.6 7.9419 .
1100 Q10543 4247.) 4879,7 £8.2709 | 009034] 42450 48774 81962 [0.079025 424258 48750 81380
1200 011326 4459.8 65139.4 B.4534 | 0.097075 44579 61374 83810 (0084934 4456,1 51355 8318l
1300 0Q.12107 4877.7 5404.1 86273 | 0103781 46761 5402.6 8.5551 10.090817 4674.5 5401.0 B.4925
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3, ﬁ*ﬁtﬁﬁﬂZZﬁHﬁﬁIﬁﬁ%%Zﬁﬂi& » MEFAE BRI A :
(1) vyield stress '
(2) ultimate stress
(3) fracture stress’
4) elastic limit
(5) percent elongation .

10% -
4 iﬁﬂﬂWUﬂﬂlﬁzqﬂiﬁfﬁﬂﬁﬂEﬁ%&ﬁ ) 20%
(1) Casting , . .
(2) Anodizing ' ’
(3) Sintering
(4) Forging

(5) Sputtering
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1. (a) Drive equations for velocity and acceleration in planar motion of particles (Fig.
1a), and express them with the polar coordinates r and 0. (10%)
(b) A crate slides down the section of the spiral ramp (Fig. 1b) such that r = (0.5z)
ft and z = (100-0.1¢%) &, where t is in seconds, If the rate of rotation about the z
axis is B = 0.047t rad/s, determine the magnitude of acceleration of the crate at
the instant z = 3 ft. (15%)

¥ b . s
-~

‘E"‘?’ﬁ L’E:qmlv‘*..“ :
Position 0 :
Fig. 1a Fig. 1b

2. (a) Verify the principle of work and energy for particles T ++ ZUy.p = T3, where
Ti/T; represents kinetics energy at position 1 and 2 of the motion path and ZUj.; is
the sum of the work-done by all forces acting on a particle from position 1 to
position 2, (10%)

(b) Packages with a weight of 50 lb are delivered to the chute at V4 =3 f/'sbya
convey belt (Fig. 2). Determine their speeds when they reach points B, C and D.
Neglect friction and the size of packages. (15%)

-

Fig.2
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3. Disk D, of radius R is pmned o end A of the arm OA of length L located in the plane
of the dlSk as shown in Fig. 3. The arm rotates about a vertical axis through O at the
. _constant rate Wy, and-the disk rotates about A at the constant rate ws. Determme
(a) The velocity of point. P located directly above A (8% )
(b) 'The acceleration of point P. ( 8% )
'(c) The angular velocity and angular-acceleration of the dlSk (9% )

™
- +

.t I
+ ll>e, - ‘ |
- ‘O '::—- == ey &&3;
} Bunig
Fig. 3 i

4. A slender rod of length L and mass m is suppoi‘tt_:d as spbwﬁ in Fig, 4. After the cable
is cut the rod swings freely. Determine followings as the rod first passes through a
vertical position.

(a) The angular velocity of the rod. 12% )
(b) The corresponding reaction at the pin support. ('13% ’)

e ki |
A(a-a-,,muw 'S Tk AT A DLy B i phir i b e o r B

—L

Fig. 4
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1. (a)Find hm-(z—”’h)—.-. %)
3t -1 ? ’
(b) Find hm—t— : [8%]
. (c)Find ozfdy for x*+y*+2’=3xz. : [10%]
2. (a) Find the Taylor series for f(x)=e* centeredat a=3. [10%]

(b) Find the absolute maximum and absolute.minimum values of the function.on
the given interval.  f(x)= 2x% -3x2 =12x+1 [-2,3]
- ) : [15%)

4

— rient it e e
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"3 @ I-J%{dx=?'h (10%)

®) B +tan?xhir=2  (10%)
@ [e+atda=r 1%
) Ix’ sin3xdx =1 (10%)

X4 . ‘44 (10%
© I -3x+2x .(10{')
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1. A container half full with water is placed on a scale, and then a hollow aluminum
.ball connected to a rigid rod is held"and forced into the water. Wil the reading
on the scale change as the ball enters the water halfway? Why? (10%) Does
the scale reading depend on the depth to which the ball is immersed? If yes, how
doe_s it vary? (15%) (3% The hollow ball can be immersed completely without
causing a;iy water.spill)’ “ ’

’ L
- E] - - -
.

2. Considering a pipe system with circular cross section, please answer the following
quesuons

a) "How do you determine whether the flow ﬁeld mmde the pipe is laminar or -

turbulent?(S%)
> b) Draw, the velocity profile u(r) (- RérS +R) for both laminar and turbulent
flow and state the main difference. (10%)
c) *When the* pumpmg power consumption required delivering: the fluid is in
concern, then, it is better to keep the flow fi eld under- which condition,
laminar. or turbulent? Why? (10%) .' L C
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3. Water flows as tivo free jets from the tee attached.to the pipe shown in Figure 1.
The exit speed is 15 my/s. If viscous effects and gravity are negligible, determine
the x and y components of the force that the pipe exerts on the tee.  25%

4. Water flows through a two-dimensional diffuser having a 20° expansion angle as
shown in Figure 2, Assume that the flow in the diffuser can be treated as a radial
flow emanating from a source at the origin Q. (a) If the velocity at the entrance is
20 m/s, determine an expression for the pressure gradient along the diffuser walls
- (b) What is the pressure rise between the entrance and exit? 25%




