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1. y(t)js a c'o_nt_inqus fu-nét_ip_n of t. | e ) T -
(A) (12%) T - .'_ - L o | . .
B T :.' d _1 ifts3
. T oLl L - +ay=1: 4= .
o oo - dt. Clorife>3 o el
- It y(O) :-b,,determine the value of y(10), . - s
®).as% T L T s ,_1 oo T
. CL Ty ol ufyze. LT
. 1 —+ay—0 a={. -7 -
ST et o lolify<2. -
If y(0) = 10, détgrmi_ne the value pf‘QW(IO).‘ I' - .

-

= n
-—-- .

a ] Denote the elgenvalues of a2'x 2 real symmetnc matnx A by ,\1 and ,\2, and the corre-

_sponding e1genvectors by v1 a.nd v2 ey : : -

T

T

- -

(Note You may answer (B) and (C) before, (A) 1f you hke ) -

- -

A ) (10%), Show that both Al.and Ag-are real. R

( ) (10%) Let B= aA +ﬁI Where a and ﬁ are real numbers, a.nd

S C | |10
] CAaiR T - I= : -
- e e e 01" . o
e What are.the e1genva1ues and e1genvectors of B? (Show your denva'.tmn )
e (C) (5%) Let x = [z, :sg]T Determme the elements of A such that. - .
xTAx = :r1 ~3zza+ 228, . ) S S
. - . . . R
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+ Evaluate j (y isiy'; 6)dx+(2xy 3x=)ay a.long the pathe”
- (a) 1fpath c: from( -1,0) to (3,0) along a straight lme -
Tme T ' gnd 'then to (3 /A)alongd straight linex=3 ©  * .
(b) if path ¢;(-1,0) to (3,4) along a'straight line y=%+1  (25%) . ~
- d : :
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! Let f(x) =l sm( llx () for %0, and Iét f(O) 0 Suppose also that h isa ﬁmctxon

suchthat T WX = f(x+1)a.ndh(0) 3 Jel .
- Please ﬁnd ROICEE (O e 8‘%) - - .
) (E-hYO) - (8% T - - :

(m) Ifg(x)=h( x+h(x) ), find g K(+)

(9%)

- Note means the denvatlve, dnd-(f - h) means f( h(x)) e e

- ) : _ R .- ) : .
2., _ Please sketch the- gfaphs of ftiriction h(x) - - ) P .
where  h(x)=(x-2x+2 Ve S I : ’
Notethatyoumustshow L. - T R
(1) the critical points of h(x) at wh1ch the sugn of slope changes ( 8%)
(2) the value of h(x) at each cnucal pomt s e - (4%)
3) the 51gn of b’ (%) in the regxons between critical. pomts ( 6% y
- . (4) the behavior of h(x) as x becomes la:ge or large negative.."".
e or approaches the singular points . - - ( %)
2 Find the closed cylmder of volume V=r rzh 16rr that has the : oL
. least surface area: C ie. determme the m'dms Y and tﬁa L (5%) .0 -
/enoyz,‘ff/t) o ) ~‘_—‘_ _ e T
& The ¢ curve is given by x = cos’ r y =sin® ‘. I'{S"n-o"r;-pz;iﬁmetﬁd form
2‘ . 2 - . . .
is x> +y 1 Fmd ltS Iength from t=0tof —-E R (25%)
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1. The uniform rod. o£1ength lis gmded by two blocks Aand B whlch shde w1thout
fnctlon in the. slots shown below The angle 9 angular veloc1tyco and angu.lar
> ., acceleration’c a of umform rod are gwen . . .
(a) Determ1ne the degree of freedom of the mechamsm ( 5% ), . | )
(b) Deterrmne the velocity and acceleration of block A (10% ) ,

(c) Determme the velotity and acceleration at pomt R whichis: located at the L
mlddle ofuruform rod (10%) - —— & 7= - ' ‘

4

2. A slender rod of mass n and- length ! is héld by two spnngs each of constant k.
(a) Determine the frequency of the resultmg vibration 1f the rod is glven. a small
- - vertical displacement and released 10% 9 . :
(b) Détermine the frequency of. the resulting v1brauon if the rod is rotated through a
" small angle about a honzontal axis through G and released. ( 10% )

(c) Determme the ratio b/l for Wthh the frequenc1es found in parts (a) and (b) are
equal ( 5% )

——
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3, - As shown m Flgure 3 the lmkage c0n51sts of two 8: lb rods AB and C‘D and a g

LI O

10-1b rod 4D, When LE 0 rod AB is rotating’ w1th an angular velomty wAg 2 rad/s.:
+ If at this 1nstant rod CD is subjected to a couple moment M = 15 Ib-ft and rod ADis

_ subjected toa honz.ontal force P = 20 b and a vertlcal force Q 25 Ib, determine W4B
- at the instant 9 90°, [25%] s ) :
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4;. The 10 -kg wheel -with, a moment of 1nert1a I=0.156 kg mZis released from
posntlonB with an initial speed Vo There is no slipping between surface and wheel. As
shown in Figure 4, after the wheel arr_lves at the horizontal plane, it has a contact with
point 4. Assuming that the wheel does not slip-or rébound, determine the minimum v,
it must have to just roll over the. ObSthtlon at 4. (Hint: you may use the concepts of
the conservat1on of angular rnomentum and energy) [25%]
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3 Con31der a two—stage turblne operatmg at steady state w1th reheat at
constant pressure between the stages Show_ that the max;mum work

is developed when the pressure,ratlo is the same across each stage."-

_Use a cold. air standard analysis,- assmmng the inlet state and the exit
pressure’ are: speelﬁed each expansron process is 1sentroplc and the
temperature at the'inlet to each turbine stage is the same. Kmetlc and

potentlal energy effeets can bp 1_gnor_ed. 25% - ‘ . .

- o
+n2 3

4. Consrder a Brayton reﬁlgeratlon cyele with a regeneratlve heat
exchanger-  Air enters “the compressor at*3540 °R 20" Ibf/in? and is ;
compressed 1sentroplcally*to 80 Ibffin?.: Compressed air enters the.
" regenerative heat exchanger at: 600 °R and'is ooled to-540 °R before

.entéring the turbine. The expansion through the turbine. is 1sentroplc - X

- [V

If the. refrlgeratlon eapaclty is 15 fons; calculate - ENglas
" (a). the mass flow rate of air, in lb/mm. 13% _

T T f—

ara

(b)the coeﬂielent of performance 12%- S e e |
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TABLE A-22E [deat Gas Properties of Air ) - s - ..
. T(°R), k and u(Btu/Ib), *(Btu/lb - °R) o
T h P i v, ”© T h p. u o, >
360 8597 02363 61.29 396.6 - 0,50369 940 226.11 9.834 161.68 3541  0.73505
380 90.75 04061  64.70 346.6 . 0.51663 %60 231.06 1061 16526  33.52  0.740%
400 9553  0.4858  68.11 3050  0.52850 980  236.02 11,43 -168.83 3176  0.7454C
420 10032 05760  71.52 2701 0.54058 1000 240.98 1220 17243 3012 0.7504:
40 10511 06776  74.93 240.6  0.55172 1040 250.95 14.18 179.66 2707 0.76015
460 . 10950 07913 78.36 21533 0.56235 1080° 26097 1628 18693  24:58  0,76964
480 T 11469 09182 8177 . 193.65 0.57255 1120 271.03 18.60 19425  22.30  0.778&
500 11948 ~ 10590  85.20 17490  0.58233 - -1160  281.14 21.18 20163 2029  0.78767
520 12427 12147 88.62 158.58  0.59172 1200  291.30 24.01 209.05  18.51  0.7962E
537 12834 13593 9.5 14634 0.39945 1240 301.52 2713 21653 1693 0.8046¢
540 129.06  1.3860  92.04 144.32  0,60078 1280 31179 30.55 22405 1552  0.8128C
560 133.86 L5742 95.47 131,78 0.60950 1320 32211 3431 231.63 1425  0.8207%
B0 138.66 - 17800 9890 . 12070  0.61793 1360 332.48 38.41 239.25 1312 0.82848
600 143.47 2005 10234 . 110.88  0.62607 1400 342.90 42.88 246.93 1210 0.83604
620 - 14828 2249  105.78 10212 0.63395 1440 353.37 47.75 25466 1117 0.84341
60 153.09 2514 10921 94.30  0.64159 480 36389 53.04 26244 1034  0.85062
660 157.92  2.801 112,67 8§7.27  0.64902 1520 374.47 $8.78 270.26 9.578  0.85767
630 16273 3111 11642 80.96  0.65621 1560  385.08 65.00 278.13  8.890  0,86456
700 167.56  3.446  119.58 7525  0,66321 1600 395.74 7.7 286.06 8.263  0.87130
720 17239 3806  123.04 70.07  0,67002 1650 409.13 80.89 296.03 7.556  0.87954
740 17723 4193 ¢ 12651 65.38  0.67665 1700 422,59 90.95 306.06 6.924 0.88758
760 18208  4.607 129,99 61.10 _ 0,68312 1750  436.12 10198 316,16 6.357 0.89542
780 18694  S5.051  133.47 57.20 ~ 0.68942 1800  449.71 114.0° 32632 5.847  0.90308
800 191.81  5.526 13697 »  S53.63 0.49558 - 1850  463.37 1272 336.55 5.388  0.91056
“B20  196.69 6033  140.47 50.35  0.70160 1900~ 477.09 1415  346.85 4974 091788
. 840 20156  6.573  143.98 _47.34.0.70747 1950  490.88 1571 357.20 4598 0.92504
860 20646 . 7.149 14750  ° 44.57 0.71323 000 504.71 1740  367.61 425§  0.93205
880 21135 7761 150102 4201  0.71386 050  518.61 1923 -378.08 3.949  0.93891
900 21626 8411  154.57 39.64  0.72438 2100 532.55 2121 388.60  3.667  0.94564
920 2018 9102 15812 3744 072979 - 2150  546.54 7[5 3947, 3410 095222
T(°R), & and u(Btu/Ib), s*(Bru/lb - °R)
T h B " v, Toge T h . P u v, - r
200 560.59  256.6 409.78 3,176 0.95868 3700 998,11 2330  744.48 5882 1.10991
250 S574.60 2814 420,46 2.961 0.96501 3750 1013.1 2471 . 756.04 5621 111393
2300 58882 3084 43116 2.765 097123 3800 1028.1 W18 767.60 5376 . 1.11791
2350 603.00 3368 441.91 . 2585 0.97732 3850 1043.1 773 TR 5143 112183
2400 61722 367.6 45270 2.419  0,98331 3900  1058.1 2934 790,80 4923 L125T1
2450  631.48 4005  463.54 2266 0.98919 3950 10732 3103 802.43 4715 112955
2500 64578 4357 474.40 2125 0.99497 4000 1088.3 3280  814.06 4518 1.13334
250 66012 4733 485.31 1.996  1.00064 4050 1103.4 3464 825.72 4331 113709
2600 67449 513.5  496.26 1.876 1.00623 4100 11185 3656  837.40 4154 1.14079
2650 68890 5563 507.25 1765 L0172 4150 11336 3858  849.09 3985 1.14446
2700 70335 6019  518.26 1.662 1.01712 4200 11487 4067  860.81 826 1.14809
2750  717.83 6504 529.31 1.566 1.02244 4300 11790 4513 884.28 3529 115522
2800 73233 7020  540.40 1478 1.02767 400 1200.4 4997 90781 262 L6221
2850 746.88 7567 55152, 1.395 1.03282 4500 12399  S521 9319 23019 1.16905
2900 76145  B14.8  562.66 1.318 1.03788 4600  1270.4 6089  955.04 279 117575
2950 77605 8764 S573.84 1.247 1.04288 4700 13009 6701  978.73 2598 1.18232
3000 790.68  941.4  S85.04' 1180 1,04779 4800 13315 7362 1002.5 2415 1.18876
3050 80534 1011 596.28 1118 1.05264 4900 13622 8073 1026.3 2248 1.19508
3100 82003 1083  607.53 1.060 1.05741 5000 - 13929 8837  1050.1 2096 1.20129
3150 8M.75 161 618.82 1.006 1.06212 5100 14236 9658  1074.0 1956 . 1.20738
3200 84948 1242 630.12 9546 1.06676 5200 14544 10539  1098.0 4828 1.21336
3250 86424 1328 641.46 9069 1.07134 5300 14853 11481 11220 4710 121923
3300 879.02 1418 652.81 8621 1.07585
3350 893.83  IS13 664,20 8202 1.08031 .
3400  908.66 1613 675.60 .7807 1.08470
M50 9mS52 1719 687.04 \7436 1.08904 :
3500 - 938.40 1829  658.48 L7087 1.09332
3550 95330 1946  709.95 L6759 1,09755 -
3600 968.21 2068  T21.44 6449 110172
3650 98315 2196 73295 .6157 1,10584
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1 (1) What tell us in '{'at?le 1? Please fa}':plain it as clear as possible. What are the
* . physical meanings of “step input”, “ramp input” and “parabola input”? (10%)
(2) A small boat is circling a large ship that is using a trackiné radar. 'The speed of
 the small boat is 20 knots, and it-is circling the large ship ata distance of 1

nautical mile, as shown in Figure 2(a). A simplified model of the tracking
system is shown in Figyre 2(b). Find the value of K so that the small boat is kept
in the center of the radar beam with no more than 0.1-degree'error. (I knot=1
nautical mile per hour) (15%) '

Table ] Summary of Relationships between Input. System Typé. Static Error Coefticients. and
Steady-State Errors ) ..

Tope 0 Topd ! Tipe 2

Siaric . »  Staiic Staric"
Steagdy-state error error error
pur error formula constant -, .- Error - constanr _ Error constant Error
Step; 1 Kp= 1
uln 1+KP -Ctg:lstant 1+K, Kf-"'uz 0 Kp_m .0
Ramp, ; 1 - K="~ |
tuit) K_v Ky=0 o - Constant K. Kv = 0
Pambala, 1 . " . I
! —_— = = " Sl
Zouln) . Ka . Ka=0 bt Ka=0 x Constant K,
. Small bout

2 e

K Hals) -—
s(s+4) -

M
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( 1)Fora cascade compensanon system, descnbe as-clear as possﬂale the purposes of .
P, PD,and. PID compensauons Descnbe also the purposes ofLa;, TomET me e e
compensation, Lead compensatlon and Lag-Lead compensat:lon What is the
. difference between PID-compensation and Lag-Lead compensahon" (10%)
@) De51g11 a Lag-Lead compensator for the system of Figure 3 50 that the system
will operate with 20% overshoot, and a twofold reductlon Q. €. 1}’2) in settling time.
Further, the compensated system w1ll exh1b1t a tenfold improvement (i.e. 1/10) in
. steady-state error for a'ramp input. Fxrst of all, please describe step by step the
" way you will solve the problem Then you show the detalled calculatlons (15%) -

B4
-

Firuru 3 Uncompensated Svstem

" - N ) T‘k(})+ --EESH) - K- LG
. ss+6)is+10) | 7 | -

- o m

- - " jw o .
£=0.456 -
. T S ' . .. - 4
et R ' ~1.794 + /3,501 3 Uncompensated dominani pole
i . S C L K=192064 S LD .
. SRR . PR A ceva | . s-plane
it ; e -
K * - =T . -’i

17,1290

.
- -
1 SE- | H i

) Xi
-l 10 -9 -8 -7 -6 -5 -~ -3

S —12.413
- . X=Closed-looppole, <~ - - -
X = Qpen:loop pole -~ . . -

¢ Root Locus. for Uncompensated -+ - . - .
© 1 . Udcompensated
- e . K Lo

- . “ePlam -7 =l
- s(s + 6)(s + 10)

Dom. poles ~1,794 = j3.501 |

e KT 192064 T -
= E TR n0, 456
@p T. 3934
%0S 20 .. .
T 2230 ° e L
T, = 0.897 e ~
, K. 3,201 "
-~ elx) 0,312 - .
Third pole  =12.413" e - T
Zero . None : : o7

’ Comments S_eéond-o‘rder )
approx. QK T . e

= =
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3. (1) When K ='10, pléase find the roots of the characteristic equanon .

for the system shown in figure A. (10% ) )

(2) Then, determine the response c(r) - '

. for the case in which K. = 10, #(8) =0, c(0)=¢é(0)=0 and &(0)=10.
(15%) - -

_ K .
5(5% + 45 +9) Cs) .,

Jigure A.

4. The oven shown in figure B is supplied with heat from an electric source.
The rate of heat supplied Q. is proportional to the voltage, O, =k E,.
The rate at which heat is lost o is proportional to the difference in the oven
temperature 7' and the ambient tlemperature T,,thus Q=k,(T-T,).

The rate of change of temperature of the ovenis T'=k,(Q, — Q).

(1) Please construct the overall block diagram for this oven.  (10%)

(2) Determine the differential equation which relates the oven temperature -’
to the voltage E, and the ambient temperature 7,. (10%)

(3) What is the time constant of this oven? (5%)
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1. A 60x 80-mm rectangular steel (with Young’s modulus E = 210 GPa, Poisson’s ration

v = 1/3) plate is subjected to the uniform stresses as shown.

(@) %Hjtt—ﬂifﬁﬂkﬁ'éz Mohr’s circle WFHIE HEERHIBER - GRERELFS
1% » principal stresses(o, , o) R EBIIEZ A FIAE » BUEEH x-y H_E ¥ maximum

shear stress fzEH “:fﬁ’ﬂEZjiﬁﬁ : (6%)
(b) 3K normal strain g, , € ve E engmeerlng shear strain Yo EEHTEL: x-y H L

Mohr's circle for strain + 3 Jf%&‘prmmpal strains (g, , €,) © (6%)
(c) BAFHEIEZF » E K principal strains R e AR - (5%)
(d) K¥raiR AC 82 BD Z HER(EHIRE) - (8%)
. 3. )

4 l 150 MPa

]? _ — = —==C 100 MPa (shear)
| t :
- 300 MPa “AD = 80'mm, AB = 60 mm
] ) L
e Mg agr— — X
A

.

2. A cantilever-aluminum bar (of diameter &) is loaded as shown by a force P (Newton).

a torque T (N-m), and a transverse force R (Newton)
(a) Determine the state of stress (in terms of ; T, R, a, d) at 4 and B respectively.

(10%)
(b) Given allowable stresses of 90 MPa in tension and 50 MPa in shear on a section 320

mm from‘ the free end, determine the largest value of R, Let 7= 0.2R, P = 20R,
and d=80mm. ™~ (15%)
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3. In Fig.3 thie three bars are of the same matenal ‘and have equal cross SeCtIODS and lengths, find the

-

forcemeachba: 7 T s —
.. e . .-1,500,000 ~| , . .
B o= bl . : - at R .
e "'-“.,'- : e - Rigid P :-‘ - -
o - S 200mm || 200mm_ - ) .
T Rigid .
T e e T 3o|~—‘-
) 1,500,000t . Figure 3
: R -G R _" . 3 a1 L. -
'y ) [l § - it, - _

" P ]

£257_]

-
o
~
-
L]
[

4.A simply sﬁppioi‘—ted‘ca'st-iro}l'beahi is 900mm- ‘long and carries a | 350N. load at the center. .
Note that ‘the two’ cross sectlon:;t m F1g4 have areasequal to each. ottier,”Find the stress’ and

deﬂectmn at_t.he center for ea_ch beam.” E=] 03,400Mpa. ¥, =

pPr’
48EI

. - . A . B —L T
- 25 mm . |30 mm 20mm- | i _
- - - 2| 25 |~26 | 25 |i2\mm -
f———1 00 mm—— > o - foien] & - )
, - e R
i . - Figure (f' v )
——— . - L ..

[25%]
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{ ©5%) An open rectangular tank 1 m wide and 2 m long contains gasoline to a depth of 1m. If
the height of the tank sides 1.5 m; what is.the maximum horizontal acceleration (along the long
axis of the atnk) that can develop before the gasolme would begin to spill?

2 (25%) Air at 27 °C and 1 atm flows over a-flat plate at a speed of 2 m/s. It assumed that the
plate is heated over its entire length to a temperature of 60 °C. Calculate the leat transferred in
the first 20 cm of the plate. Thie air properties are » =17.36 x 10° n%/s, k=0.02749 W/mK,
Pr=0.7 and c,= 1.006 kItkgK.

 For the plate heated over its entire length the Nu, equal 10 0.332 Pr' Re )

-

3. (25%)A short length plpe is connected close to the bottom of a reservoir of water -
level height .. A nozzle of exit area 4, is connected to the pipe, the pipe cross-
sectional area’ bemg three tlmes that of the nozzle exit. The velocity coefﬁcrent
of the nozzle is ¢, (where V;m,—c *V..a)- The head loss in the pipe (mcludmg
any entrance loss) is given by A~k(V/2g), where k is a given loss ¢oefficient and
Visthe velocrty in the: plpe 'Obtain an algebraic éxpression for the final jet
'velocny V;coming out of the nozzle (20%) What is the effect on the volume
flow rate'if a diffuser is attached to the nozzle? Simply state your answer with a
brief explanation. (5%) ° - .

4. (25%)Fluid of uniform velocity U, and constant pressure flows over a flat plate.
Due to the action of viscosity, the fluid adjacent to the plate is slowed down and at
the end of the plate the velocity component parallel to the plate is distributed as °
u=Uj Oy}, where y, is the distance from the plate for which #=U,, The
pressure may be assumed- constant. Show that the drag force on the plate per unit

widthis D= I p(U —u)uafy (Note The streamlines are not all straight)

" -,
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