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1. Please solve the following equations:

(8) %" —2zy' +2y=0 (8%)

(b) ¥ -4y +4y=0, y(0)=2, y{0)=1, (8%)

(c) :z:e”y +(2z+e¥) =0 (8%)

(@) v =2~y + 2y =222 — 6o +4, y(0)=5,¢'(0) = —5 y"(0)=1, (6%)
(0} ¥' =Ty=-22 (6%)

2. Solve the following equation by Laplace transform méthod.

.

n

- ¥y =2 +y=¢', y(0)=1,3'(0)=0 (14%)

3, If A has 'eigenvalues' 0 and 1, corrﬁpondilié to the eigenvectors,

o [;]and[_zl‘] -

(a) What is the matrix A ? (7%)
(b) What will be the e:genvalum and eigenvectors of A% 7 (8%)

respectively,

4, Let W be a subspace of a vector space V. Consider the following three subsets of W : (20%) -
s S = {u,ug,...,ur}’ » -
S2 = {v1,va,.. Vm} T .
S3. = {Vlsvz, , V10, V11, Vi2} . -

It is understood that each of Sl, S3, and S3 is a set of distinct vectors of V. Note that S is a subset
of S3 but there are no other krown relationships among the vectors in Sy, Ss, and Ss. Here is a list of
" possible responses (answers) to the questions below ((1.) (v)):

(A} ... is linearly independent.
(B) ... is linearly dependent,
(C) ... is not a basis for W,
(D) ... spans W. ~ -—— _
(E) ... does not span-W. -
- (F) The hypothesis provides no information about the set mentwned in the concluswn

" Fill in tho blanks (on your answer sheet) with a list of all those possibleresponses (answers) that can
be justifiably concluded.

-

(i) If Sy spans W, then-Sp .
(3) If Sz spans W, then 53
(#4%) If S5 is a basis for W, then 5y
{#v) If S3 is linearly independent, then Sy
(v) If S; is linearly independent, then Sy
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Find a basis for ' ‘ ERREE
+ (a) the column space of 4. (6%)
(b) the row space of 4. (5%)" ]
LN - v
{c) the null space of A~ (5%) - L.
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1 (25%)The sw1tch in the circuit shown in Flgure 1 has been in position 1 fora very

long time. At 7 =0 it was'placed ifvposition 2 for 81 ms and then replaced into
. t

*

posmon 1. Find

.
X . - + ’
N 1

(a) ch [ dt (0+ ), the 1mt.1al rate of changc of Vc
(b) veatt=8ms. " ) ) ‘ .
() The last time at which v, is 10V, " ‘
(d) The last time at which / = 20mA. .
(e) The time at which i = -2mA. ~ T . 2

Xa . . 0 "1xg ) - e

i Vi,
- T - LA
Figure 1 . B
2. (25%)F0r the circuit' shown in F1gure 2, ﬁnd T o
@)L ' . - e .
L OV, L
(c) The phase angle between the Y and the Y waveforms ‘
(d) The equivalent simple series c1rcu11 at this f;equeqcy . ' ] .
1 ’ T, - A -
O
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3./(25%) The netiwork shown in. Flgure 3is, exclted as follows FEUAS
' o _: SR .'z"1 Ei) ='c0§(r) (1) =2cos(t +T/2) .
) Fmd the s1nuso1da1 steady—state response for v (#)and v, (t) - -
- a0 ey Tip T L '
- 1 - i "
S et . 582 C T e AT
° AN\~ 0 "
- 4. —I_ * 1 - . +
'y 1 : .
. l] vl T 1F Z H 5 Q v2 ~ CT)I.'Z
e T Figure 3 ’

4, -'(25%) In the, circuit of Figure 4,-the initial voltage across the capacitor w(0) = 0.
'I'he switch i is closed at { =/0. Assume the diode is ideal. Find and sketch the

R - - g A" -
capacnor voltage as a function of time.
r‘ i - * f!‘ . L)
] T .1 )
1=9 2MQ
v — o — AN - .
o - 23 MO '+,
= - 15V -
L} * ! - - T - r 4. = -
|2Vt 5 uF k “
-~ - M =S
. . +Figure 4, . e -
- Fam p erted
- . . L | .
- M "" - - 3 - L T s &
_/“"“’“‘/h o . »
E
’
¥ .
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1. Briefly explain (or deﬁmtlon) the followmg tenmnologles (20%)

(a) linear causal, systems. (5%) Co e T
(b) Routh—Hurwltz criterion. (5% . - s )
(¢)° Nqust ‘criterion. (5%) Lo S :

(d) overshoot percentage. (5%) ) U P

- -

2. - Find the f\fndamental matrix and state transition matrix of the folloviing equation,

k] _ [~1 et :
= [0 7 [e-com
. 8. Why does the root locus of 1+' kG(s)H(s) = 0, begin ( 0).at the poles of

G(s)H(s) and the end (k = o) at the zeros of G(s)H(s). (10%) -

-~ - -
.

w
’ -

A, Brieﬂj}r explain how to find the static erfor constant _from the Bode magnitude
plot. (10%) - ~ - . ) _ S ;

- 5. Determine whether the following state equation is stablé or not. (15%)

MR 0] [x ' S -
lEal T Le2t =3 |xa] ,
6. The forward transfer-function of unity feedback system'is given by

50(s+a : .- ST
" Ge)= SO (8 +30) -, - . - : q

De51gn the value of o 50 tha.t the closed-—loop poles will have a damping rat10 of
0 5 For this. value of a, ‘obtain the response t to a unit step- (20%) )

- -

“wp‘

1. G1ven the plant, G(s) = “E 5} = 571 )(s T2 design the state feedback for the

plant represented in cascade form to yield a 15% overshoot wrth a settling tlme of
0.5 second: (15%) . R .

. — . h -
T T
-’ o ———— —-
* « . s
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1. The 20 mm diameter bar shown below is made of AISI 1006 cold drawn
street with yielding stress 330 Mpa. The bar is loaded by the forces
F-O 55 KN, p=8.0KN, and T=30 Nm y

—

(a) Determine the state of stress at pomtA L o = [15%]
‘(b) ‘Determirie the factor of safety against yleldmg at pomt A by the
" maximum shear stress theory. A : [10%]

2 A  component undérgoes a cychc stress w1th a maXimum- valué of 110 ksi
.and a minimum value of 10 ksi. The component is made from a stéel with
an ultimate strength, i » of 150 ksi, -an endurance limit, S, , of 60 ksi,

and a fully reversed stress at 1000 cycles, Sio00 » of 110 k51 Using the

modified Goodman relationship, determine the life of the component.
[25%]

AL )
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‘3. "Find the fncnon power loss fon: a Petroﬂ' bearing 100 mm in d:ame- .
i%r and ldSO mm lonf,: Radial clearance ¢ if0. 05 mm Speed is 900.rpm, SAE oil _~
. xs~u5e at 175 °’F. . i o . [25%]
o T u= oooo 001 031bseclm MR !
lbsec. 1 Nsec . . v
1. in.z ,—'145 .mmz* s <
. ) ' ! . /
S ' L1 W o
] __i_l(_;_):m ( etyoif s earnnj &guﬁ'ttof\ .
- 1 - ~ ol "{ . r *
4_’ - Two module 3 gears are to be mounted ona center distance of

384 mm. The speed rano is 7 9 Fmd Lhe number of teeth in each gear [25%]
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& LI
- 20mm
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[ - o= -:--*"“ - E_; - %[E#/H

rE 7Hi S N % s i - TR
/\-H:%ﬁf;% %Fﬁi@ﬂ:ﬂl)\%%ﬁuﬁcﬁﬁ L EIEL: REEISHER

-

4

‘l% I.Plot and describe the. point and line defects of the crystal.

»

Q, 2.How to protect a metal to prevent it from the corrosron, please descrrbe the ophmum .
me{thods . - -: - SioaAt e imat Ll .
T - A - 43‘..‘5*:'-;’"&"';4\*;3‘
107 3 Explam the followmg strengthemng, mechamsgrs C Ll P K
(a) precrprtatron hardening 4% ) ) .t : ooanal F ’,

(b) strengthemng by grain size reducl:on 4‘%
(c)'solid-solution strengthenmg l[-% ! T .
(d)strain hardening 4—? _ : S
(e) texture hardening 47 R -

- W, "ot -
- - -

').D% 4. Explam the following terms

(a) Glassitransition temperature - 4‘% SR

(b) Fick’s,second faw-; _tp% e C -
(c) "f‘ransition band . (b% g Lt )

CY Zener formula 4% . S o -, -

(e) A:“n:orprrous metal 47 p ‘ e -

Jr -

Q? 5. (a)Explam the: purpose and prmcrple of zone meltmg ID%
(b)Contmuous cooling transformation (C-C-T) diagram is important for a heat - ; ~o-

treatment engineer.  Explain how to make a C-C-T diagram of a new steel
alloy in detail. ID%
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| ,.1: (20pomts) o T ; '
Nltrogen gas is being w1thdrawn from a 0 15 m3 cylmder at the rate of 10
mol/mm The cylinder initially contains the g gas ata pressure of 100 bar
and 170K, The cylinder is well insulated and theré is 2 ‘negligible heat
transfer between the cylinder walls and the gas: What will bethe

‘ temperature and pressure > of the gas in the cylinder after 50 mmutes‘?

Assurii¢ that nitfogen is an ideal gas. * Gas constant, R, is 8. 314 X 105
bar m*/mol K. . Cp (J/mol K) =272 +42x 103 T. °

-

i,

2. @Opoints) T v -
Find AU, AH Q, W, and AS for the followmg processes all performed on
l'g mol of an ideal gas with Cy=52R."
a. A constant-pressure heatmg ﬂom 25C- to 100 C

.b. An' adlabatlc reversible expansmn from 200 C 5 atm to 1 atm )
c. An isothermal reversrble expansion from 200 C 5 atorto 1 atm -

dA constant-volume heatmg from 25 C, 1 atm to 100°C - o
i

- “ r - - +
¥ . "

AT
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3. (30 points) . .
In large steam power plants the feedwater is frequently heated n, closed
feedwater heaters, which are basically heat exchangers, by steam extracted
. from "the turbine at some stage. Steam enters the feedwater keéater at
IMPa and 200°C and leaves as saturated llquld -at' the same pressure
. Feedwater enters the heater at 2.5 MPa and 50°C and leaves 10°C below
the exit temperature of the steam. Neglecting any_ heat losses from the
outer surfaces of the heater, determine (a) the ratio of the mass flow rates of
. the extracted steam and the feedwater and (b) the réversible work for this
process per unit mass of the feedwater. Assume the surroundings to be at.
25°C. and the properties of compressed liquid can be approximated ‘using -
saturated liquid’s data under the same temperature. (15 points each)

4, (20 pomts) ,

(1) Fig. 1 is the schematic of a combined cycle plant Under the operating
condition shown in the figure, its overall efficiency is only 34 2% which
means that 65.8% of the energy of the fuel is wasted. Please propose
some feasible 1deas about how to improve its overall efﬁc1ency (10

" points) ’ T ' '

(2) Is it possible to maintain a pressure of 10 kPa in a condenser which is.

being cooled by river water entering at 20 T? Why ?7- (10 pomts)

To (lue

. - - »
. L. Bailer .-
i l.(ll3h:lr1_5‘C ’ arer +-°°'C
§ — . o 16 bar
. X . +
15 MW § .
| e T :

JellRIK HN*C

CcC

Fig 1

0.6 bar
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- Specific volume Internal energy Enthalpy Entropy -
T m?®fkg . kJ/kg kJ/kg kdfikg - K}
Sat, - - :
Temp. press. Sat. Sat. Sat. Sat. Sat. Sat. Sat. Sat.
°C kPa-' liquid vapor liquid Evyap. vapor “liquid Evap. vapor liquid Evap. vapor
1 1 Yr Y . Hy Hye u, hy iy A, i S 5z
001 06113 0001000 206.14 0.0 2375.3 2375.3 0.01 2501.3 2501.4 0.000 9.1562 9,1562
5 0.8721° 0.001000 147.12 - 20.97 23613 23823 20.98 2489,6 25106 0Q.0761 89496 9.0257
10 12276  0.001000 106.38 42.00 2347.2 2389.2 42.01  2477.7 2519.8 0.1510 8,7498 8.9008
15 1.7051 0.001 001 77.93 62.99 2333.1 2396.1 62,99 .2465.9. 25289 0.2245 B.5569 8,7814
20 2‘.339_ 0001002 5779 8395 2319.0 24029 83,96 '2454.1 _2538.1 0.2966 B8.3706 8.6672 -
25 3168 0001003 4336 104.88 2304.9 2409.8 104.80 24423 2547.2 0.3674 B.1805 8.5580
30 4,246 0.001004  32.89 126,78 22808 2416.6 * 12579 2430.5 25563 0.4369 B8.0164 8.4533
35 5.628 0001006 2522, 146,67 22767 24234 14668 24186 25653 05053 7.8478 8.3531
40 7.384 0001008 19.52 167,56 2262.6 2430.1 167.57 2406.7 2574.3 0.5725 7.6845 8.2570
45 9.5093 0001010 15.26 188,44 22484 2436.8 18845 2394.8 25832 0.6387 7.5261 8.1648
50 12.349 °  0.001012 ° 12.03 209.32 2234.2 24435 209,33 23827 25921 0.7038 7.3725 8,0763
55 15.758 0001015  9.568 230.21 22199 2450.1 230.23 2370.7 26002 0.7679 '7.2234‘ 7.9913
&0 19.940 0.001017 7.67 25111 22055 24566 251,13 23585 2608.6 0.8312 7.0784 7.9096
Sat. '
press. i .
MPa . .
100 0.101 35 0.001044 1.6729 -418,94 20876 25065 419.04 2257.0 2676.1 1.3069 © 6.0480 7.3549
105 0.12082 0.001048 1.4194 440,02 20723 25124 44015 22437 2883.8 1.3630 59328 7.2958
110 0.14327 0.001052 - 1.2102 46114 2057.0 25181 46130 22302 28915 1.4185 5.8202 7.2387
115 0.16906 0.001056 1.0366 ' 482,30 20414 2523.7 482,48 22165 2699,0 1.4734 57100 7.1833
120 0.19853 _0.001060 08919 =~ 503.50 20258 2520.3 503,71 22026 2706.3 1.5276. 56020 7.1296
125 0.2321  0.001 085 0.7708 52474 20099 25346 52499 21885 2713.5' 1.5813 " 5.4062 7.0775
130 0.2701  0,001070 0.6685 546.02 19939 2539.9 546,31 2174.2 27205 16344 53925 7.0269
135 0.3130  0.001075 0.5822 567.35 1977.7 25450 567.69 2159.6 2727.3 1.6870 5.2007 6.9777
140 0.3613  0.001080 0.5089 588,74 1961.3 2550.0 5B9.13 21447 27339 17391 51908 6.9209
145 0:4154  0.001085 0.4463 610.18 19447 25549 .61063 21296 2740.3 ,1.7907 5.0926 6.8833
. 1580 0.4758  0.001091 03828 . 631,68 19279 25595 632.20 21143 27465 "1.8418 4.9960 6.8379
155 05431 0.001096 ° ~0.3468 '653.24 1910.8 2564,1 653.84 209?.,6' 27524 1.8925 4.9010 '6.7935
160 0.6178 0.001102 + 0.3071 674.87 1893.5 2568.4 67555 2082.6 2758.1 1.9427 4.8075 6.7502
165 0.7005 , 0.001108 0.2727 696.56 1876.0 25725 697.34 2066.2 2763.5 1.9925 4.7153 6,7078
170 07917 0001114 © 0.2428 71833 1858.1 257685 719.21 20495 .2768.7 2.0419 '4.6244 6.6663
. Sgeciﬁc volume internal energy . F.nthénlpy «  Entropy
cat m’/kg kJ/kg . kJ/kg k/(kg - K}
Press. iemp,  Sat. Sat. sat, Sat.  Sat. sat, Sat., Sat.
MPa -°C liguid vapor liquid Evap. vapor liquid Evap. -vapor liquid Evap. vapor
r T Yoo W ty Hyy g hy by, h, T 5 S 5
080 170.43 0.001 115 0.2404 720.22; 18566 25768 721,11 2048.0 2760.1 2.0462 4.6166 6.6628
0.85 17296 0.001 118 02270 '731.27 18474 25787 73222 2039.4 2771.6 20710 45711 6.6421
020 175.38 0.001 121 0.2150 741.83 1838.6 2580,5- 74283 2031.1 2773.9 20946 45280 6.6226
095 177.69 0.001 124 0.2042 °751.95 1830.2 25821  753.02 2023.1 2776.1 2.1172 4,4869 6.6041
1.00  179.91 0.001127 0.19444 76168 1822.0 2583.6 76281 20153 27781 213687 4.4478 6.5865
110 184,09 0.001 133 0.17753 780.09 18063 2586.4 781.34 20004 27B1.7 21792 4.3744 6.5536
1.20  187.99 0.001139 016333 797.23 17915 25888 798.65 1986.2 27848 2.2166 4,3067 6.5233
' o " [/ ) ¥
. U - m’/kg kdfkg + kdfig  kdjika: K)
) P = 1,00 MPa (1792.91°C)
Sat, 019444 25836 27781 6.5865 :
200 0.2060 2621.9 28279 8.6940 . -
250 0.2327 27098 20426 6.9247 .
300 02579 27932 30512 7.1220
350 0.2825 2a75.2 577 7.301
400 03066 2057.3 32638  7.4651 '
500 03541 |, 31244 34785 7.7622

i
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1.The complete combustion of 1 mole ethyl alcohol(£) produces heat of 326. 7

kcal .The heat of formatmn of OO0, and water are 97.0 kcal and 68.4
kcal respectwely Calculate the heat of formation:qf ethyl alcohol(ﬂ)

. - ' «
E_ _‘r_f'ﬁ . - ¥

2.Define i_fl'd_etail iA)Pauli exclusion'principle and,‘(B_)Ipniza‘tion-energy,

-

-~

= 4 1 . - -
.o .

3.The product1on of NO by reaction of N, and 02 1n an automoblle englne
"is an important source of nitrogen oxide pollution. At 1000°C the
.reaction N,m+0m,,‘__ 2NO;,, has kp = 4.8 x 107 ~7 .Suppose that the partial
QI‘CSSUI‘C of Nz and O2 in the cy11nder of an engine after gasoline vapor

~ has been 1gn1ted are py, = 33. 6 atm and py, = 4.0 atm.Assume the -

" ‘temperature is 1000°C. Calculate the partial pressure of NO in the
mixture if the system has reached equ111br1um. o

4.What 'gives_ stability to hydrOphobie co'lloids (particulates .willunot
settle-easily) in water? How to destabilize these colloids?.,

5,How many grams of HCl gae would have to be clissolved’ _ip 500ml of 1.0M..
N,CH,Q00 to give a solut1on havtng a pH = 4, 74?. . - - ’

1
L4

Ka—lSXIO_SV . e e, oo o
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6. A weather balloon is loosely inflated with helium at a pr_essure' of 1.0atm(=760t0rr)
and a temperature of 20°C. The gas volume is 2.2m’. At an elevation of 20,000 ft, the
-atmospheric pressure is down to 380 torr and the helium has expanded, being under no
restraint from confining bag. At this elevation the gas temperature is -48°C. What is the
gas volume now? : . o

*

7. Two charged, parallel, flat conducting surfaces are spaced d = 1.00cm apart and prr)duce
a potential difference A V=625V between them. An electron is projected from one surface
directly toward the second What i3 "the initial speed of the electron if it comes to rest Just
at the second surface?

8. A solenoid having an inductance of 6.30  H is 'connected in series with a'1.20 kQ2
resistor. (a) If a 14.0V battery is switched across the pair, how long will it take for the -
current through the resistor to reach 80.0% of its final value? (b) What 1s the current
through the-resistor at time t = 1.0 7.2

Q. The mean lifetime of stationary muons is measured to be 2.2 ¢ s. The mean lifetime of
high- speed muons in a burst of cosmic rays observed from Earth is measured to be 1618,
Find thespeed of these cosmrc-ray muons relative to Earth, v

10, Calcuate the energy released in 1.hé-fission‘ reaction
25U +n — "Cs+"Rb +2n;
‘Needed atomic and particle masses are o ' , ' .
U 23504392u  ®Rb 92.92157u _ e
Cs 14091963 u _>n*~—.1.00867u | |
- ) . (Hint: u-932MeV) '
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