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1.(25%)

Please find the Laplace transform for the function f{(t)
shown in the figure 1.

f(t)‘
1

h

1 2 3 4 5 6

Figure 1.
2.(25%)
Given an equations as below
Yy’ + 3y’ + 2y = 2f(t), r
with y(0)=1.5, y°’(0) = 0 and a force function f(t) given in figure 1,
please find y(t) in the range 1<t<2. (Explicit form is required) |
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3. Find parametric equations for the line of intersection of
X+y—-z=1,

x=2y+z=5. (10%)

4, Find the eigenvalues and eigenvectors of the matrix

2} oo

3. Find the directional derivative of f (%,y)=2x"+xy* at (1,~1) in the direction

of (i-j). (10%) -

6. Solve the boundary-value problem

0%u ou
—+2=— O<x<L >0
ox? ot

u(0,)=0, u(l,f)=1, +>0

#(x,0)=—x*+2x+3sinzx, O<x<l. (20%)
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1. The A-36 steel rod shown in Fig.1 has a diameter of S5mm . It is attached to the fixed wall
" at A, and before it is loaded there is gap between the wall at B’ and the rod of imm.
Determine the reactionat 4 andB'. E =200GPa (25%)

Z = 1 mm
g /P 20_ KN \%
A é —’—-—> / B'
%/4 400 mm _LC | 800 mm B \7Z
| >
Fig.1

2. Asolid steel shaft ABCD (Fig.2) having diameter d =75mm turns freely in a bearing at
D and is loaded at B and C by torques7, =2260N.m and T, =1356N.m . The shaft
is connected in the gear box at 4 to gears that are temporarily locked in poison.
Determine the maximum shear stress in each part of the shaft and the angle of twist ¢ at
endD. (Assume L =3500mm, L, =750mm, L,=500mm,and G=79300MPa) (25%)

13T
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3. The state of plane stress at a point is represented by the element as shown. [a] Determine the
state of stress on another element oriented 20° clockwise from the position shown, (B 35HE

HERFIRZ ) Determine: [b] the principal stress and their directions; [¢] the maximum
in-plane shear stress and their directions. [d] Draw the Mohr’s circle for this case.
(25%)

— 3 ksi

T 4 ksi

Figure for Problem 3

4. The simply supported beam AB supports the triangular distributed loading as shown. [a]

Draw the shear and moment diagrams for the beam. Determine: [b] the equations of the
elastic curve (i.e. find deflection v and slope 8); [c] the maximum deflection 8,,,,. The beam

has length L and constant rigidity EL (25%)

Wy

Lot o

,ﬂfll ,, . m=

L ! L )
3 2

Figure for Problem 4
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1.

Consider a system governed by the following d1fferent1a1 equation:
d*y dy
+ —- 4 2¢0s
ar o dr ) =u

where  is the input and y is the output of the sy'steﬁl.

(A) Derive the linearized equation of the system about y = % (10%)

(B) Let u=4k(y—m/2), where kis aconstant, Determine the range of k for
which the linearized system is stable, (10%)

Sketch the root loci of the following characteristic equations for £ =0~ +0,
For each root locus please also determine the value of & for which the system is

marginally stable.
A + k - 0,
A i3 G+6) (10%)
2
®) k(s +22S+2) _ (10%)
(s+2)(s~-D
(10%)

© (s+D(s+2) B
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3. The transfer function of a unity feedback control system is

_ (s+5)
=57 (s +4)

(a) For the Bode magnitude diagram, find the slopes of asymptotic lines for
small frequency and large frequency, respectively. (5%)

(b) Sketch the Bode plots. (15%)

(c) Is this system stable? Why? (5%)

4. For the two-mass system shown below. If the output variable is J2(?) and the

rolling friction constant is b, please determine the State Variable Model for
this system. (25%)

yl }'2

l o l
1
n
—> 1 ./\/\/\/\_ m,
Force

ONO) Q Q)
SS ST T 7T 77
Rolling friction constant : »
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k. An evacuated box is at rest on a frictionless table. You punch a small hole in one face
so that air can enter. (See Fig. below.) How will the box move? What argument did
you use to arrive at your answer? 20%

2. Asto the car speeding checking, please describe the fundamental principle of the
speed detection, 15%

3. Please describe what is RFID system and explain its fundamental principle of
operation. 15%
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1. A cylinder is initjally filled with saturated liquid-vapor mixture of
R-134a at a specified pressure P1 = 200 kPa. At the initial state, the
mass of R-134a is 0.2 kg with vapor ('}uality of 0.25. Heat is
transferred to the cylinder until the refrigerant vaporizes completely
at constant pressure P1. Please determine (a) the initial volume (8%),
(b) the work done (8%), and (c) the total heat transfer.to R-134a (9%).
The specific liquid volume and vapor volume of R-134a at the above
condition are 0.07533 and 0.099867 m*/kg, respectively. The internal
liquid and vapor energies of R-134a at the above condition are 38.28
and 224.49 k¥/kg, respectively.

2. A Carnot heat engine receives 500 kJ of heat per cycle from a
high-temperature heat reservoir at 652°C and rejects heat to a
low-temperature heat reservoir at 30°C. Determine: (a) The thermal
efficiency of this Carnot engine, (b) The amount of heat rejected to
the low-temperature heat reservoir. (25%)
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3. An insulated piston—cylinder device contains 0.05 m* of saturated
refrigerant-134a vapor at 0.8 MPa pressure. The refrigerant is now
allowed to expand in a reversible manner until the pressure drops to
0.4 MPa. Determine (a) the final temperature in the cylinder and (b)
the work done by the refrigerant. (25%)
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4. A gas-turbine power plant operates on the simple Brayton cycle with
air as the working fluid and delivers 32 MW of power. The minimum
and maximum temperatures in the cycle are 310 and 900 K, and the
pressure of air at the compressor exit is 8 times the value at the
compressor inlet. Assuming an isentropic efficiency of 80 percent for

' the compressor and 86 percent for the turbine, determine the mass
flow rate of air through the cycle. Account for the variation of specific
heats with temperature. (25%)
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Saturated refrigerant-134a—Pressure table
Specific volume, lnternal energy. Enthalpy, Entropy,
kg klikg kikg klhg - K
Sat,  Sat, Sat, Sat. Sat.  Sat Sat. Sat. Sat.
Press., temp., liquid, vapor, liquid, Evap., vapor, liquid, Evap., vaper, liquid, Evap., vepor,
2
PkPa Tm C Vy Vﬂ Uf Um- Ug h{ hfz hﬂ Sy Sf‘. SH
60 =36,95 0,0007098 0.31121 3.798 205.32 209.12  3.841 223.95 227.79 001634 094807 0.96441
70 =33,87 0.0007144 0.26929 7.680 203,20 210.88  7.730 222.00 229,73 0.03267 0.92775 0.96042
80 -31.13 0.0007185 0.23753 11,15 201.30 21246 11,21 220,25 231.46 0.04711 0.90993 0.85710
90 --28.65 0.0007223 0.21263 14.31 199,57 213,88 14,37 218.65 233.02 0.06008 0.89419 0.95427
100 -26.37 0,0007259 0.19254 17.21 197.98 215.19 17.28 217.16 234.44 007188 0.87995 0.95183
120 -22.32 00007324 0.16212 22.40 195.11 217.51 2249 214.48 23697 0,00275 085503 0.94779
140 -18.77 0.0007383 0.14014 26,88 192,67 219,54 27.08 212.08 239,16 0©,11087 0.83368 0,94456
160 -—15.60 0.0007437 0,12348 31.09 190.27 221.35 31.21 209.90 241.11 0.126%3 0.81436 094190
180 -12.73 0.0007487 0.11041 34.83 188,16 222,99 34,97 207.90 24286 0,14139 0.79826 0.93965
200 —-10.00 0.0007533 0.099867 38.28 18621 224.48 3843 206.03 24446 015457 0.78316 0.,93773
240 -—5.38 0.0007620 0.083897 44,48 18267 227.14 44.66 202.62 247.28 0.,17794 0.75664 0.93458
280 —1.25 0.0007699 0072352 49.97 17950 229.46 50,18 199.54 24972 0,19829 0.73381 0.9321¢
320 246 00007772 0063604 5492 176.61 231.52 5516 196.71 251.88 0.21637 0.71369 0.93006
360 5.82 0.0007841 0.056738 59.44 173.94 233.38 659.72 19408 253.81 0.23270 0.69566 0.92836
400 8.91 0.0007907 0.051201 63.62 171.45 23507 63.94 191.62 25555 0.24761 0.67929 0.92691
450 12.46 0.0007985 0.045619 68.45 16B.54 237.00 68.81 18871 257.53 0.26465 0.66068 0.92535
500 15.71 0.0008059 0.041118 72,93 165.82 23875 73.33 18598 259.30 0.28023 0.64377 0.92400
550 1873 00008130 0.037408 77.10 163.25 24035 77.54 183.38 260.92 0.29461 0.62821 0.92282
600 21,58 0.000819% 0.034295 81.02 160.81 241,83 BL51 180.90 262.40 0.30793 0.61378 092177
650 24.20 0.0008266 0.031646 8472 15848 243.20 85256 17851 263.77 032051 0.60030 0.92081,
700 26,69 00008331 0.029356%F 88.24 156.24 24448 88.82 176.21 265.03 033230 0.58763 0.91994
750 29.06 0,0008395 0.027371 9159 15408 24567 92.22 173.98 266.20 0.34345 057567 0.91512
800 31.31 0.0008458 0.025621 94,79 152,00 246.79 9547 171.82 267.29 0.356404 0.56431 0.91835
B850  33.45 0.0008520 0.024069 07.87 149,98 247.85 98.60 169.71 268,31 0.36413 0.55349 0.91762
900 35,51 0.0008580 0.022683 100.83 148.01 248.85 101.61 167,66 269.26 0.37377 0.54315 0.91692
950 37.48 0.0008641 0.021438 103.62 146,10 249,79 104.51 16564 270.15 0.38301 0.53323 0.91624
1000 39.37 0.0008700 0€.020313 106.45 144.23 250.68 107.32 163.67 270,99 (.39185 0.52368 0.91588
1200 46.29 0.0008934 0.016715 11670 137,11 253.81 117.77 15610 273.87 0.42441 0.48863 0.91303
1400 52,40 0.00091656 0.014107 12594 130,43 286.37 127.22 148.90 276.12 0,45315 0.45734 091050
1600 57.88 0.0009400 0.012123 134.43 124.04 25847 13593 14193 277.86 047911 0.42873 090784
1800 62.87 0.000963% 0,010559 142,33 117.83 260.17 144,07 13511 279.17 0.50294 0.40204 0.90498
2000 67.45 0.0009886 0.009288 149.78 111,73 261.51 151,76 12833 280.09 0.52509 0.37675 0.90184
2600 77.54 00010566 0006936 166,99 96,47 263.45 169.63 111.16 280.79 0.57531 0.316%5 0.89226
3000 B6.16 0.0011406 0.005275 183.04 80,22 263.26 186.46 9263 279.09 062118 0.25776 0.87894
Superheated refrigerant-134a
T v t h s v u h s v u h s
°C mikg  kike kg kikg- K] m¥kg  kikg kikg kikg-K mifkg  kiikg kikg  kMkg- K
P 0.28 MPa (T, = = 1,25°C) P == 0,32 MPa (T, , = 2.46°C) P = Q.40 MPa (T, = 8.81"C)
Sat. 0.07235 22946 24972 09321 0,06360 231.52 26188 (9301 0051201 235.07 25555 09269
0 0.07282 230.44 250.83 0,9362
10 0.07646 23827 259.68 0.9680 0.06609 237.54 25869 09544 0,051506 235.97 256,58 0.9305
20 0,07907 24613 268,52 0.9987 0.06925 245,50 267.66 0.2856 0.054213 244,18 26586 0.9628
30 0,08338 254.06 277.41 10288 007231 253.50 276.65 L0157 0.056796 252.36 275,07 0.9937
40 0.08672 26210 28638 1.0576 0.07530 261,60 28570 1.045] 0.059292 260.58 284.30 1.0236
50 0.09000 270.27 29547 1.0862 0.07823 269.82 29485 1,0739 0.061724 268.90 293.59 1.0528
60 009324 27856 304,67 1.1142 008111 27815 30411 11021 0.064104 27732 302.95 1.0814
70 0.00644 28699 314,00 1.1418 0.08395 28662 31348 1.1298 0.066443 28586 312.44 1.1094
80  0.09961 29557 32346 11690 008675 29522 32298 11571 0.065747 294,53 322,02 1.1362
90 010275 30429 333.06 1.1958 0.08953 303,97 33262 1.1840 0.071023 303.32 331.73 11640
100 0.10587 313.15 342,80 1.2222 0.09229 312,86 34239 1.2105 0.073274 312.26 341.57 1.1907
110 0.10897 322,16 352.68 1.2483 0.09503 321.89 35230 1.2367 0076504 321.33 35153 12171
120 0.11205 331.32 362.70¢ 12742 0.09775 331.07 36235 L2626 0.077717 330,55 361.63 1.2431
130 0.11512 34063 372.87 1.2997 0.10045 34039 37254 1.2882 0079913 339,90 371.87 1.2688
140 0.11818 350.09 383.18 13250 0.10314 349.86 382.87 13135 0.082096 349.41 382.24 1.2942
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Superheated refrigerant-134a
T v u h s v u h ] v u h §
°C  m¥kg kitkg kWkg kikg-K| mi¥kg  khkg  kikg kg K| m¥kg  kikg kitkg kg - K

P = 0,80 MPa (T, = 31.31°C} P = Q.50 MPa (T, = 35.51"C) P = 1,00 MPa (T, = 39.37°C)

Sat. 0,025621 246.79 267.29 0.9183 0.022683 248.85 269.26 09189 0.020313 250.68 270599 09156
40 0.027035 254.82 276.45 0.9480 0023375 253,13 274.17 0.9327 0.020406 25130 271,71 09179
&0 0.028547 263.86 286,69 0.9802 0.024809 262,44 284,77 0.9660 0.021796 260.54 28274 09525
60 0.020973 272.83 29681 1.0110 | 0.026146 271.60 29513 0.9976 0.023068 27032 29338 09850
70 0.031340 281.81 30688 1.0408 0027413 280,72 30539 1,0280 0.024261 27959 303.85 1.0160
80 °0,032659 290.84 316,97 1.0698 0028630 289,86 31563 1,0574 0.025398 28386 314.25 1.0458
90 0,033941 299.95 327.10 1.098l 0.026806 299.06 32589 1.0860 0.026492 298,15 32464 1.0748
160 0.035193 309,15 33730 1.12688 | 0.030951 308.34 336.19 1.1140 0027552 307,51 233506 1.1031
110 0.036420 318.45 347.59 1.1530 0032068 317,70 34656 11414 0.028584 316,94 34553 1.1308
120 0.037625 327.87 357.97 1.17938 0033164 327.18 357.02 1.1684 0.029592 326,47 356.06 1.15B0
130 0.038813 337.40 36845 1.2061 0.034241 336,76 367.58 1.1949 0.030581 336.11 366,69 L1846
140 0.039985 347.06 379.05 1.2321 0,035302 346.46 378.23 L2210 0.031664 34585 37740 1.2103
150 0.041143 356.85 38576 1.2577 0.036349 356,28 389.00 1.2467 0032512 355.71 38822 1.2368
160 0042290 366.76 400,59 1.2830 | 0037384 366.23 399838 1.272] 0.033457 365.70 399.15 1.2623
170 0043427 376.8]1 41155 L3080 0.038408 37631 410.88 1.2872 0.034392 375.81 41020 1.2875
180  0.044554 386,99 42264 1.3327 | 0039423 386,52 422.00 1.3221 0.035317 385.04 421.36 1.3124
ldeal-gas properties of air
T h u s T h u &
K kd/kg P kJikg v, kifkg + K K kJikg P, kg v, kikg « K
200 199,97 0.3363 142,56 1707.0 1.25559 580 586.04 14.38 419,55 1157 2.37348
210 209.97 0.3987 149.69 156120 1,34444 590 596.52 1531 427.15 1106 2,39140
220 21997 04690 156.82 1346.0 1.39105 600 607,02 16,28 434.78 1058 2.40002
230 230,02 0.5477 164.00 1205.0 1.43557 610 61753 17.30 442.42 101.2 2.42644
240 240,02 06355 171.13 1084.0 1.47824 620 623,07 18.36 450,09 96,92 2.44356
250 250,05 0.7329 178,28 979.0 1.51917 630 638,63 19.84 457,78 92,84 246048
260 260.09 0.8405 18545 887.8 1.55848 640 649.22 20.64 46550 8893 247716
270 270,11 09580 192.60 808.0 1.59634 650 65984 21.86 473.26 85.34 249364
280 280.13 10889 19975 738.0 1.63279 660 670,47 23,13 481.01 B81.89 2.,50985
285 285.14 1.1584 203,33 706.1 1.65055 670 681,14 2446 488,81 7861 2.52589
290 290.16 1.2311 20681 6761 1.66802 680 691.82 25B5 496.62 7550 2.54175
295 29517 1,3068 210,49 647.9 1.68515 690 702,52 27.29 50445 7256 2.55731
298 298,18 1.3543 21264 631.9 1.69528 700 713,27 28.80 51233 69.76 257277
300 300.19 1.3860 214,07 621.2 1.70203 710 72304 30.38 520.23 67.07 2.58810
305 305.22 1.4686 217.67 596.0 1.71865 720 734.82 3202 528.14 64,53 2.60319
310 310.24 1.5546 221.25 5723 1.73498 730 74562 33,72 536,07 62,13 2.61803
315 31527 1.6442 224.85 549.8 1,75106 740 75644 3550 54402 59.82 263280
320 320.29 1.7375 22842 5286 176690 750 767.29 37,35 551.99 57.63 264737
3256 32531 1.8345 232.02 5084 1.78249 760 778.18 39.27 560.01 5554 2.66176
330 330.34 1.9352 235.61 489.4 1.79783 780 800.03 43.35 576.12 51.64 2.69013
340 34042 2.149 242,82 454.1 1.82790 800 B21.95 47.75 592,30 4808 271787
350 350.49 2.379 250,02 4222 1.85708 820 84398 52,59 608,59 44,84 2,74504
360 360,58 2.626 257.24 3934 1.88543 840 B66.08 57.60 624.95 41.85 277170
370 370,67 2.892 264.46 367.2 191313 860 888.27 63.09 64140 3912 2.79783
380 380.77 3.176 271.69 3434 194001 880 91056 6898 657.95 36.61 282344
390 390.88 3.481. 278,93 3215 1.,96633 900 93293 75,29 674.58 34.31 2.84856
400 400,98 3.806 286.16 301.6 1.99194 920 955,38 B82.05 691.2B 32,18 2.87324
410 411,12 4.153 293.43 2833 2.01699 940 977.92 89.28 708.08 3022 2.89748
420 421.26 4,522 300.69 266.6 2.04142 960 100055 97.00 72502 2840 292128
430 431.43 4915 307,99 251.1 2.06533 980 102325 1052 74198 2673 294468
440 441,61 5.332 315,30 236.8 2.08870 1000 1046.04 114.0 758.84 25,17 2.896770
450 451.80 5775 32262 2236 211161 1020 106889 1234 776.10 23.72 2,88034
460 462,02 6,245 329.97 211.4 2.13407 1040 1091.85 1333 793.36 23.29 3.01260
470 47224 6.742 33732 2001 2.15604 1060 1114.86 143.9 810.62 21.14 3.03449
480 48249 7.268 34470 1895 217760 1080 1137.89 1552 B27.88 19.98 3.05608
490 492,74 7.824 352,08 1797 2.19876 1160 116107 167,1 B845.33 18.8%6 3.07732
500 503,02 8411 352349 170.6 2.21952 1120 1184,28 179.7 862,79 17.886 3.09825
510 513.32 9.031 366,92 162.1 2.23993 1140 1207.57 193,1 88035 16.946 3.11883
520 523.63 9.684 37436 154,1 2.25997 1160 123092 207.2 89791 16.064 3.13916
630 533,98 10.37 381.84 146.7 2.27967 1180 1254.34 222.2 91557 15241 3.,15916
540 544,35 11.10 389,34 139.7 2.29906 1200 127779 238.0 933,33 14470 3.17888
550 555.74 11.86 396,86 133.1 2,31809 1220 1301.31 254,7 951.09 13.747 3.19834
560 565.17 12.66 404,42 127.0 2.33685 1240 132493 2723 96895 13.069 3,21751
570 575.59 13.50 41197 121.2 2.35531
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4.  Describe each of the processes listed below:
(a) Thermal spray
(b) Chemical Vapor Deposition, CVD
(¢} Electroplating
(d) Thermal evaporation
(e) Nitriding (15%)

5. List two different applications that favor the use of single-crystal materials. For
each application explain what advantages the single crystal offers over competing
* polycrystalline materials,

(10%)

6. Explain why metal alloys designed for use in high-temperature environments
often contain Cr additions.

(10%)

7. Explain the relationship between each of the following strengthening mechanism
and mechanical property pairs in metal

(8) precipitation hardening/ toughness

(b) solid solution strengthening/ yield strength
(¢) cold working/ ductility :
(d) grain refinement/ modulus of elasticity

(¢) work hardening/ stiffness

(15%)
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1. Verify that Ll +1 =L2,here Ll = mvl;Ia = mvz;I = Z Sth and
V=V att=t; 7 V=Vaatt=t,.

(a) For a single particle, by » F =ma (15%)

(b) For system of particles, by ZF, = Zm,-a,- (express the final equation by

¥, ,velocity of the mass center for system of particles) (10%)

2. Plate A and B have the same mass of 4 kg and are restricted to move along the
smooth guides (Fig. 1). If the coefficient of restitution between the plates ise =0.75,
determine (a) the speed of both plates just after collision (15%) and (b) the maximum
compression of the spring (10%). Plate A has a velocity of 4 my/s just before striking B.
Plate B is originally at rest and the spring is initiaily unstretched.

Plate B Plate A
0.1 m 0.1 m

- Ar

o,
L bt R L T e . o

k = 400N/m N
\}Linear

,/ guide

Fig. 1
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3. Knowing that collar C moves to the right with a constant velocity v, as shown in the
Fig. 3, derive expressions for
(a) The angular velocity of rod AB. ( 12% )
(b) The angular acceleration of rod AB. ( 13% ).

Fig. 3

4. A cylinder of weight w and radius r rolls without slipping on a cylindrical
surface of radius R as shown in Fig, 4. Determine the period of motion for
small oscillations, (25% )

Fig. 4
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I. Find ¥ =9
dx
@)if y=cos®x? (15%)

®)if y=x"%  (10%)

dy

2. Find =7

@)if y=e¥ +log,(3x) (15%)

O)if y=———  (10%)

x +2x-1
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. 3~31/2 X
Find dx. (25%)

4. Find the centroid of the region bounded

by the line y = x and the parabola y = x.
(25%)
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1. Alittle boy puts his thumb in a hole in a dam. If the sea level is 3m above the
boy’s thumb, estimate the force in newtons that the boy must exert to keep the
water from coming out the hole.(25%) (The boy’s thumb has a cross-sectional
area of 3.0 cm®; assume the density of sea water is 1000 kg/m?)

2. As shown in the figure below, a piping system with head losses of hL|.2=1.5Q2;
with hy.p in m and Q in m%s. The pump’s head curve is given by hp=50-2.0Q2,
with h, inm and Q in 3s. Calculate the flow rate Q. (25%)
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3. Water flows through the pipe contraction shown in the following figure. For the

given 0.2-m difference in the manometer level, determine the flow-rate as a

function of the diameter of the small pipe, D.  25%

4. Water flows as two free jets from the tee attached to the pipe as shown in the
following figure. The exit speed is 15 m/s. IF viscous effects and gravity are
negligible, determine the x and y components of the forces that the pipe exerts on

the tee. 25%

Area e ]

—i-

“hrea Z- 0.5m?

.-—u_‘--——c—-—

W
\Pipﬂ Tee




