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1. Solve tl:le following equations: o c. a .
(a) 2::: +4:c2y—i- e : _ i ) (8%)'
- (b) xzy”—&vy’ +4y =05 y (1) ==2, y(Q)=7 - . . - . (8%)
Oy -2 —y/ +2 = 22 - Ly0)=1,¢0)=-3 ¢ (0) = . (8%)
2. Solve the fo]lowmg equatlon by Lapla.ce transform method.  © &
(a)y" +4¢' + 13y = 26e~%; y(0) = 5, y' (0) = —29 G ) o B (8%)
Ty =10 O =L Y @=0 -
- ] - o -1 if wsts%r‘ - : ) ) '
o ‘ ) f,(t)—{ if 0<t<mor t>2r --;(8%)

<3 Denve the centra.l difference method for solving second-order ordinary d.lﬂ"erentml equstlon
: usmg Taylor senes The ‘céntral dlﬂ'erence method is as followmg

i e e A - 2y(z)+y(x A7) .
S ._.. e +?(Ax) _ .(w%)‘

e -

""" 4. Label the follomng statements as bemg True of- Fa,lse ]'.f it is true, then prove it, If it is

false, then prov1de a oounterexa.mple L . C -,
(a) Ifthevectors vy, - ..,vm spanasubspaceW then dlmW m. T (5%) -
(b) If Az = Ay, then = = - Yo : - , (5%)

. (¢) If a square matrix A.has mdependent columns, 80 does A2 ’.*_ - (5%)
(d). Any set of vectors which. contains the zero vector is linearly dependent. . (5%)
(e) If an 1 X nn matrix is mvertlble (nonsingular), then it is diagonalizable: L (5'%)

(f) anh elgenvalue of. (A +B) is & sum of an elgenvalue of A’and an eigenvalue of B. (5%)

5.. Find A and b such that the- general solution of the 2 by 3 system Ax=Dbis

o ) . 1 17" _
e 'x=|i1:|+'c|i2:|_, e " S (10%) -
- 0 1 . L

Hint: The row space of A is orthogonal to the nuil space of A

6. (a.) Suppose A=uT , Where u,v € R". Show that.u is- an elgenvector of A.

" What is the correspond.lng eigenvalue? . 5 . (5%)
) (b) Let o
oo 2 1" 1
) 4 2 2 -
) ; _ B=1 s 4 4 . -
- 2 _1 -

. What:stherankofB?WntethemstnxasB uv A - (8%)
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. (25%) The sw1tch in Fig,1 has been in posmon 1 for a long time; it is moved to 2 at 0. Obtam
the expression for i, for £0. . .
o 1;. Lo ) . )
Y
I!2
] 406>
SOV ¥ 1OVT N
20mH

Fig.1

p

2. (25%) A parallel RLC network, with R=50:0Q, C=200 z F, and L=55.6mH, has an initial charge
(,=5.0mC on the capacitor, Obtain the-expression for the voltage across the network.
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1. Consi&er the system shown in Fig, 1.
= 1 -

= =0~+oo. (13
(A)If G(s) T AINGT D 1) sketch the root locus for & (13%) ‘
: (s4+2)(s* +25+10) k=0 -
B) If.: G(s)= D211 sketcb Ehe root locus for &£ Foo ., _ - (129%)

(You are asked to show.tﬁe general shape of locus, and are rnof required to make
complicated calculations.)

. 2. Consider‘the system described by. .-
X=Ax + By o -
where x is the state vector, u 1s the control mput and ‘

1

0.5 1_5
- A= » B=| |
15 05

1

(A)Is the system controllable?  (69¢)
(B) Is the system stabilizable? (i.e., does there exist a feedback law, u =-Kx, by
which the closed~loop system is stabilized?)  (8%)
© Suppose #=0, Find an initial condition such that
—3e™")

x(f)= : (11%)
) 3e™ " .
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3.

Briefly explain (or definition) the following terminologies (30%)

(a) causal systems. (5%)

(b) adaptive control. (5%)

(¢) robust control. (5%)

(d) stable in the Lyapunov sense. (5%)
(e) Gain margin. (5%) -

(f) irreducible realization. (5%)

L,

How many roots are in right hali—plane, and on the jw axis for the following
polynomial. '(20%)

(a) Pifs)=st+6s°+ 1152 + 65 + 200. (10%)
(b) Pos) = s8 + s7+ 12s8 + 2255 + 3954 “+ 5083 + 4852 + 388 + 20. (10%)
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" 1:Consider the followmg set of processes, with the length of the CPU- burst time gwen i

milliseconds: .
Py 10 -3
. Py 1 1
P, 2. 3
] - Py | 4
) Ps -5 2

The processes are assumed to have arrived in the order Py, P3, P3, Py, Ps, all at t1rne 0.
_ What is the turnaround time of each process for FCFS, SRTN, non-preemptive priority

- (a smaller priority number nnphes a higher pnonty), and RR (quantum=1) schedulmg
algonthms'7 (25%) - s

2. In a pagmg system usmg TLB calculate the effective ‘memory-access time when-the
hit ratio is 0.8 and the TLB access time is 20 tunes as fast as that of -the main memory.
(25%) -

3. What are breadth ﬁrst search and depth first search‘? Wnte each: algonthm in

pseudo-code, specifying the data structures used-in each algorithm. Consider one |

example problem and apply both algorithms to the same example. Compare the two

algorithms and discuss their adv‘antag"es and disadvantages. (25%)

4. What is a 2-3 tree? What are its advantages and disadvantages? Write its msertlcm
algonthm and deletion algorithm. Show the results of applying the algorithms by
_ inserting 5, 40, 10,20, 15, 30 (ln this order) into ar initially empty.tree and then deletmg
-10. (25%) - .

i r——
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1. Find _the.requjrédrlength of weld in Fig.1 if an EG010 électrode is used with an Fs of 2. E6010

SJ’P

=345MPa, 7, ==

(25%)
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2CA 120 central partial bearmg, 62mm in; dlameter and 100mm 1ong,_has a' mlmmum film

th1ckness of 0.015mm. SAE20 oil in Fig:2 is used n = 860rpm and’ "

is at 74 C, fmd the load the bearmg is carrying:

=1 000 If the oil film

L

.. ,'“ ‘ (25% )
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i?igure PR Absolute viscosity versus temperature for various SAE oils. - -
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Figure Average values of viscosity for some common SAE lubricating oils.
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3. The larger of two concentric compression helical springs is made of 38mm diam
round bar stock, is 225mm outside diam of helix, and has 6 active coils. The'inner
spring is made of 25mm diam round bar stock , is 140mm outside diam of helix,’

- and has'9 active coils. The free height of the outer spring is 19mm more than the
inner. Find the deflection of each spring for a load of 90000N. Also find the
load carried by each spring. Take G = 77000Mpa. (K = Gd4164R3Nc) (25% )

4. Find the tooth loads and bearing reactions for the shaft shown in Fig. 3. All gears
are 20° pressure ahéle with diametral pitch equal to 3, Make top and front views
showing the loading for.the shaft. Assume fTictional losses to be negligible.

‘AB= 6mBC 20in; CD = Sm (25% )
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PART A: (KRIEIESHA) - - ~

- 1. PVT behavior of COz-'g‘as is adequatély described by the van der Waal's.equation state,

.—-"_____’WRT'_L - . § ' - - C -
Vb V? ' '
* where- a=2.638x10° atm(cm3/gmol) S -

b =231.3 cm¥/gmol
~Calculate the enthalpy of this gas atP= 40 atm, T = 100°C, and V =707.7 cm’/gmol,
, relat:ve to.its ideal state at 100 °C Express your- answer m caI/gmol (25%)

-

-~ P L m e e
- RPN - e

- . -
” "= =

2, A nozzle (as shown) receives 0.5 kg/s of alr at a- pressure of 2700 kPa and a velocity of
"30 m/s and with an enthalpy of 923. 0 kJIkg, and the air leaves at a pressure of 700 kPa and

 withan enthalpy of 660.0- kJ/kg . E _
-a) Determine the exit velocrty ﬁom the nozzle for i) adlabatrc flow; b) ﬂow where the heat .

dossis 1.3 kJ/kg (15%) :
b) Accordmg to the information provrded and the results you get from part a), what’s the
main function of a nozzle? Does work. generated from (or provrded to) the nozzle?

What s the effects of heat transfer on the nozzle‘»’(lO%)

T, - . Control

p,=T700kPa - -
fry = 660.0 kI/kg

- -
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3. The followmg vapor-hqund equnllbrrum data:are available for methy] ethy] ketone
_ Heat vaponzatlon at 75 °C 31.6 kJ/mol
Molar volume of saturated liquid at 75°C: 9.65x107 m*/kmol

36227 _ 4. 70504 InT

where P i is the vapor pressure in bar and Ti is in K. Assummg the saturated. vapor obeys

the volume-explrclt form of the vmal equatlon, .

oo RT - . " ‘ R
B V—'—'+B - b E A R -

= " .o
= - - - - - ‘5 .
ot - - - - o - an -
-~ "z .. « - . 4 . . = -
~

Calcu]ate the second wrral coefﬁcrent B for methyl ethyl ketone at 75°C .
(Note 1]'"10 bar— 3) (25%) - w S S

3 T . -

- s . = . o F
. ; -, - - i :

- " -
P

S - - ] y . -

4. ga) Show that the minimum amount.of work, W™ necessary to separate I moleofa

=

bmary mixture into its pure components at constant temperature and pressure is

"W“’i“ xRTIn:-‘—(_f)—-%xZRT LD
; : fl( > :xl) f'z(TPx'z -
(b) Show that this expression reducesto . : PR

W = —-xlﬁT Inx, - X, RTIn X,

" for (i) an ideal liquid mixture or (11) a_gaseous mixture for which the Lewis-Randall rule
is obeyed. (12%)
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5. Bneﬂy answers the followmg questlons . - .F
a) Consnder two geothermal wells whose energy eontents are est1mated to be the same.
Will'the exergy (ava1lab111ty) of these wells necessarily be the same? Why? (10%)
b) When two ﬂurd strearns are mixed in a mixing chamber can the mixture temperature be
lower than the temperature of both streams? Why‘? Also, under what conditions wrll

the amount of heat'lost by one fluid be equal to the amout of heat gained by the other ina
steady-ﬂow heat exchanger‘? (1 5%)

- e’ o - Vo= -

- 6. Steam enters-the turbin'e bf a 'cogeneration- plant at 7 'MPa and SOO;C One-fourth of the -
"steam.is extracied from the turbme at.600.kPa for process heatmg The remaining steam
continues to expand to 10, k.Pa The extracted steam is then condensed-and mixed with

- ._feedwater at’ constant pressur_e and the mixture is. pumped to the.boiler pressure: of 7 MPa.

_ The riiass. flow rate of, steam through the boiler is 30 kg/s Dlsregardmg any’ pressure
drops and heat losses in the plpmg, anid assunung the’ turbme and the pump to be -

n

lsentroplc s, :. T T

-

a) Draw the system. schematlc and the. correspondmg T-s dlagram wnth proper numbenng
(10%) . .
* b)What’s the mass flow rate at each numbered statlons'? (5%) e ;

c) Explam clearly that how are you going. to detemune the steam properties’ ‘at each *
- numbered stations. (% -, 7

A
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1. Explain the following terms: - .. ~ °
. () The Fermi level of electtons in asemlconduclor : Co (5%)
(b) The effective'mass of electrons in a semlconductor . ‘ (5%)
(¢) Electron mobility _ o - (5%)
(d) The F errnl-Dlrac distribution function of electrons . - o (5%)

N >

2. Con51der a reverse—blased GaAs pn Junctlon at T'=300°K. Assume that a reverse-bias
voltage of 6 volts is applled Calculate (a) the ideal revérse saturation current density, and
‘(b) the teverse-biased. generatlon current density. Assume parameter values:
Ng= Nd 5>‘:1016 cm Dp— 10 cm’/sec, D,,— 200 cmzlsec, Too = Too = To = 10‘3 sec. (20%)

Pl - o= - -
PR = oo -
- - - -

= — - -

3. »Con51det a:gold: Schottky diode at- T'= 300 °K formed on n-type GaAs doped at N = 1{)“r
cm™ Determme (a) the theoretlcal barrier height, ¢Bu, (b) &y, () Vi, and (d) the space
charge w1dth ip, for VR =6 volts. The work function for gold "5;1volts; and the electron-
afﬁmty for. GaAs = 4 07 volts y o R (20%)

- -
- - - -

=

A v

" N -

¢ .

- ™ - N w -

4, (a) Describe the camer components of current ﬂowmg in an npn b1pola1' Junctlon tran51stor
operated in forwatd active region. .. : (10%)
(b) Explam the Early effect in a bipolar junction transistor, - - i - (10%)

5. For an n-channel MOSFET, describe how threshold voltage shift due to (a) ‘short-channel
effects, and (b) substrate bias effects. Explain the reasons for both cases. (20%)

List of physical constants: . =~ -
Intrinsic carrier conéent;otiog of Si-at 300 °K: n(Si) = 1.5x10" cm”

Boltzmann’s constant: k = 1..38){10""3 K
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1: The;human lnngs can operate against a pressure dlfferenttal of up to;aboht 1/20 of

.an atmosphere. , If a diver Uses_ra_'snorkel for. breathing,. about -how-far below water
.~ level can she or-tie’swim? (hint: the water density is 1g/cm’® and 1ATM is 1.0x10°
F‘Pa)"‘z.'? ) - .- T - :

-
- E
¥ - 4

3 A“Z"OO kg block— hangs from a spring. A 300g body hung below the block stretches
the spring.2.00 cm farther. (a) What is the spring constant ? (b) If the 300g body is
removed and the block is set into oscillation, find the period of the motion. -

- w -
- - X,

3 Dlagnostlc ultrasound of frequency 4.5 MHz is used to examine tumors in soft
. tissue, (a). What is the wavelennth in air of such'a’ sound wave ? (b) If the speed of
sound-in tlSSl.le is, 1500 m/s, what is the wavelength of this-wave in tissue? (the
speed of sound in air.is about 343 mfs)

- -

4 Calulate the de. Broohe wavelength oF (a) a 1.00 keV electron (b) al .00 keV
photon and (c) al. 00 keV neutron (The neutron mass 1s about I 671x10 kg ). .

-

- 5. We have seent that a gamma—ray dose of 3- Gy (1 Gy = I J/kg) is lethal to half of" -
. those people exposed to it. If the equivalent.energy were absorbed as heat, what rise
.- in body temperature would resait? Assurne_that the specific.heat of human body
" isthe.same as that of water (=‘4180'J/kg1(‘)_,1 (hint: use formula A'Tc;’=Q/m)_

o H . b . :
- - - ' . b
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(OA J&"‘ WAS(’/& N@d‘glu ) ;0-1305 1 _lph&;f\ Mh,d.m)r rd.
Cevacudled ; 146.2%10 ¢ whon filled with wader (Lensit
oJr mibjr-f 0.997 g/w‘c,)',- omd S0.2957 1 whew {;M w:Eg
Fmrxf’&néa 904 A 4o MMHE anmd }5"'(;.. What ¢ e
wﬂbmf»&f Mmags a{ Frvry[ﬂm’e. ?_ (R: 0.0 2. L?a:t'm-moﬁ._'- k™) |
7.vﬂ)haj:_ is e P}f afa,So,ﬁwf(mM E 060250 M HNO, (“K )7
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