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The vertical position y of a particie fa]]ing in a gravity field is

determ1ned by the differential equatlon " ‘ - -

e —

tnﬁ§4aaf—mm - . a
where m is the mass, a'is the drag coefficient, and ¢ the acceleration

due to gravity. p .

Find y(t) when y(o) = Yor- g%— = 0, and show by a limiting process

t=0

that the solution For a + 0 approximates the usvatl expression 0bLa1ned —ﬁ%
. wnen the -drag coefficient. 1s-zero oo- . . : el
2 Solve the differential equation
* - . . —
"X F 10 x = F(L); x(O)
with f{t) as shoun .
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a I‘fé‘fcﬂ vod rocks back onal —forth on the tircwlar Surﬁxce_
without S]x‘J)Pn‘ncrI_. Derive t_fm J.oue-l;m‘r\.a, *?—%f(-‘-“-tl‘on Ffor 8.

g : : ing- platdepm
2 C:"’"‘Lé) g Movn,j pl for1 | 1/_\3(*,)
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Consider the ﬁa‘f?aﬂﬁif{?_’ @ double pendulum dttached 4o a

P Ht'ﬁl!l‘“ that hos o yl'e;cr}LEJ vertied motion relative fp an
l\nert:‘d_ﬁl-"l%#eac_\,s,‘_s;}_,wn o o ver F:‘gure. Tovo ;m_el.;!e.s of

MASSRS Y, ane m, are c.onn'ar_te_,:(' £o TMLSslesg rmls c_!:' [?—Agths A w{gF £,
S“‘J’E“‘QQ“ brom o, platform thot has a ?]‘E.Scl'fbexj vertreal metion Y(£)
with res Juic& <o the 3‘het.‘tl'cd Lrame ©. The metron g;_b-flb'th e ‘PL\T'CI‘C[QS s
consbrnined [)y Sd)h‘na-s that are fnithlV hcn‘ém\fa.] and hav e the- constants
..F“ n:u\cl fa. The 'SJ’Y’I‘f\a_S are u.hsffl-e\tchect when +he )N_;\rt:‘c-_[es ['e verticall
below the platform, Deriye, the Qﬁ“@-l‘bh.s of motion Jor thes sjs‘(:em.
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1. ('\) Find the Thévenin equwalent with 1espect to the lexmmals a, b for

. the circuit in Figure 1. (]4%)
(b) If an adjustable load R, is connected to the terminals,a and b, find the

maximum power Uar_lsfeLed to R;. (6%)

265’

2, ln I‘lguxe 2, switch-1 has been closed and switch 2 has been opened for a
long time. At t=0, switch 1 is opened. One hundred milliseconds later ™
switch 2 is closed. Find  — ‘
(@) v for 0 St < Q.1s. (10%).
(b) v for Q. ls < t (10%)

= » teo - e “tzo.l second
NG _,\/3\‘?“—“ > .
" switeh | + SWitc*h 2 . B ‘L
T | etk . Switch opene
om ok N —
o D 22 5'OI<J'g » TEME 7 200K e
) O ' “ $witch “closed
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3. A bipolar transistor is biased at collector current I = 0.5mA-and =~
common-emitter forward short-circuit current gain By =150
(a) Determine transconductance &q at room lempératur_e. (0%).

. (b) The input resistance h;; = 7.6K€. Find base-spreading resistance r,,
6%) v | '
(c) A load resistance R."= 2K is used and (h€ transistor is driven from-
a 3(_)9_9 voltage source. Estimate the transler voltage gain, (8%) '

- v

<

4. (a) Draw (he low-frequency small-signal model in Figure 3. (10%)
(b) Derive an expression for the signal component of v, produced by the

signal input v,. (10%) "
tVop ,
e | Y i _
Vo r + ‘ )
[T @2 Ve .
= - -

Frgure 3 T

-

—l
5. The dlffert_antlalf"fl‘lld‘conl_r}loxl-mode gains of a differential amplifier can
be approximated as ' ’ -

_ =20 T2
I4 812mx107™  ~==  14+8/21t%10

(a) Skeich'the asympiotic Bode diagran‘a of the common-mode Arejecti;m

ratio CMRR. (10%) ' . - L

((bl)ogt)whatfrequency is the CMRR one-half its low-frequency value?
i O -

P - 4

B L R A
A = B -
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6, Narie. the. five most l,uecl materials. fnr Maki"&" “fﬁ-t.i‘l?’l%ffff and ‘{'“CV‘.L&: 't‘l‘e"'"
characteristics ‘Lvio,--f'f)!.. (-IOV-) ‘ .. . o F

7 Name. QM)’F"'S °JL Ca) tum_r;% (b) m‘llmg, {e) JPIHMJ« Ul) 2«1’”“4'“3— Mq"‘“"qs
and ctate mclmcluall/w__ usma— each machine . (|07)

Descnln 'd\'t l\lg)\ &gﬂw“} (akuuaq; C\m{ stofte its advani‘aaes
o«hcr\mutdtwns ((0/)
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1. A rigid cylinder contains a "floating" piston, l'ree to thove within the cylmder without

friction. *Iniliaily, it divides the cylinder in half and on each side of ihe piston the
cylinder holds [(Ib nicle) of the same idea gas at 40 (°F) aud 1 atm. ' An electrical
resistance heater is installed-on side A of the cylinder as shown below, and it Is energized
50 as to cause the temperature in side A to rise slowly to 340 (°F), If the tank and the
piston are perfect heat insulators and are of negligible heat capacity, caicglaled the
amount of heal added Lo lhe system by the resistor. ( 257, ) . a

The molar heal capacities of Lhe gas are constant and havg the values Cy, =3 (Blu)/(fb
mole)(VF) and Cp, =5 (Blu)/(Ib mole)(“F).

>

oV~

Very pure liguid water can be subcooled at almosplicric pressure o lemperatures well’

below 0 °C. Assunié that-a mass of waler has been cooled as a liquid to -5 oC., A small

—

crystal of ice (whose mass is ;fé‘i';li"gib[_e) is added to "seed" the subcooled liquid. 1 the

subsequent change of state occurs adiabatically and al constant (atmospheric) pressure,.

what {raction of the system solidifies? What is the entropy change of the system?

: . 2 - (285%)
The following data are known; ' ,
. "The latent heat of fusion of waler at 0 9C = 333 Allg. -~
. The heat capadity of water between 0 and -5 °C =4.22 J/g °C,

—

.

l\\
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3, Duuug sle'uly-state openuon a pzuallel shaft gealbo‘c receives 600 kW lluougll the
high speed shafl but owmg to fiction and other irreversibilities delivers 588 kW
through the low-speed shaft The gearbox is cooled on its outer surface according to

Q = -hA(T,-To) .
where I is the heat trausfec coeflicient, A is the surfuce area, Ty, is tIle ustiform
temperature of the outer surface, and Ty is the uniform tempelatu:e of the
surroundings away from the gearbox Evaluate the rate of entrapy production As in -
kW/IS, for - . ¥
(a) the gearbox as a system,

(b)an enlarged system cousisting of the gearbox and enough of i its suuouudmgs that

heat transfer occurs at temperature Ty, .

.0
(Let h=0.17 kW/m2, A=1.8 m?-and Ty=293 K. ) . (25%)
= ’ : . ALY
3;: -z-slgAfT. - 13 hnundaﬁlille Tempeiature b
System h = 017 kWit - K lemperalure Is Ty vatlalion
boundary - A= 13wl
i N
i —
600k 7 | = :
- LU-l e
! 5
I == LIl 588 aw
: . — T —)>
pur— 3 .
== ]
- L )
Ouler suddace — ~ L= Gearbox

lemperature, T4

e fal . F,J —f;r Pﬁé ) ) 'r

RT a
4. US"‘B the Redlich-Kwong equatiou of state, P = - ST
, develop expressions Jor the followings v—b v (vib )l

(a) C;-C, in terms.of v, T, a aud .

()(S2-8 )7 i texms of v, v, T, a and b (eutropy changes between two states’ under.
: -lSOt]lelll'Iﬂl process) « T ~ (25%)

e

;] Here, P pressure, v: specific voluwie, T: temperature, R: gas constaut, a, b: constants a

p+ specilic heat (coustant pressure) Cy: speclﬁc lieat (constant volume)
S eutopy 4
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L. s ' h ] -
_ i () PLD HEMSEAMARIE (Kp, Ki, K STEEIHNSTRE? (5
| ! TERYNE » PG » SOREIRNS » L BB B (TH) :
- ! L™
(b) ABGLHBHET (phaes lead) FAH{I#§#: (phase lag) ARG MATEILE
BUATETIRE RS (high-pass [ilter) ? {UHUEBHIMEMITHAS (Low-
pass filter) ? B{HE? (6%)
| O
(o) Al - 1R 4 B RA{E AR 0 . - S
2 ML S0 R+ SR = , S
&R 5310 S FU FR AR B ET » A1 KA ~
R B AN L5 ST (lag~ AR
fcad) FAIBRITFE B2 AG ,;3**‘(/ =
| (6] - FESURMGNAR s a0 f 40
[, SERGILARIGBLEL - (5%) - d 0/’ , . L s teeund)
i | 2 3
| (4) TR AR 2 PU kel AR ,
. Wi (rool locus method) FTlifBER : G(g)____;..
BRI B (closed loop transfer -
i © [unction) [+Gl(s) » MifidzR-l-45R -
' (Nyquist criterion) &PR{ I EES{HAS H ()|

BEYY (loop transfer function)
G”(S) I IEE T (T%)

T S .

B Gl -
AR R ‘f|:'J?”fLrZ}JQu|MUlH F:
. , K (S+ 19— =
- S{S+2)(S+3) | -

(a) FFREHERFHEFREZ K ﬂgﬂtm (10%)

(b) Fla EE BARES RACZABR; (poles) BIRTIAI .&x0‘~ -0.5 ZLESTIR
A KA. (15%)
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3.4 B F b < ”
M=Ma=| K b & s

g F
Y A=t W, ~ EATENY
MIiR%E R= 2 N se%

WA T o) R N (Newton), Bgu il %), X2 698115 .,

X (s
@ * Ffsio (0% )

| (b) & F(t)“'—')(,(xl'f‘ole) %—’Hj? (I:?f) Roo't focuS (kz:ON*W)

)R FH=—kK(X2+0.1%), -- C71%5)
. %Hj%:\éfiﬁijfzoo-t /bCUS (/{2_ =ON+DO)9
(8%)
4. % B REREF, .
*77%%@3&/&)% | m, 0

k0I5 3 kg, 3 Ok 57
%ﬁzé}b g-‘lj‘lﬁ,—le ="|.Kg-m> - -
WD 3RE R = [ Nmfy [9-0%£5Lﬁﬁ) /
14 % J%“;»vzé B G U (Ftn-m),]
Gl B O (PHL radl ) o
() 5 i 3 #7000 B Woo AL . (57
b # % fh 3 0=0" &7 a(«%ﬁﬁ)éﬁu% L5488 (5%
() ﬁ&%(ﬂm-ﬂf 0 = [80° & HEILEAL (%,l_‘Bllt #il}ib";f;gd\‘ o (574)
) EZAFALEZ R 0=180 6715, o 4

ues) =K (ot & +5)(06)-R () -ﬁ;‘? R(3) u)%%-?? K 89
\L (B Bo1d 7 (Rl #4709 A HLIRZR (L) (07)
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b 1A \Séeyo)oea( brass bar 150 mm \
. Brass bay

long 7§ inserted into a steel | .
link with }'g;‘d ends as shown. : | /
Lartially . no aXfo’J fbi’ce exists / /

n the gzu-, If e tempesature.  Rigil

o

/0, T
4 \ 100 mm |
increases 49°C , deteypmme the bod{ & // -\”A‘*—{-
R . dAa Somm
maxinum. wormal Stress /Wa’zce;{ \ X! ¥
n the bar. Lbe Eo= 105Gp ~\\ //
os = 2010 /% for brass bar , . Steel ink |

Es= 200 G4, %= [2x10"5he fr
stee| link , and the cros-sectional areas Ap=3$oo o’
Az =200 mm?, Ay =Aq = 4s5p om?. (R5%)

]

- 2. A _hon‘zantal bean loaded by b

nor il force P is supported i}g : - —%F

two colupns as shown and s fﬁl @E .
restrained fron [atera] movenert. - B oo ' s5L | f
Assupe 'b/lé‘.-C{//&_(ﬁL/Z,&__ can buckle onéy _ i S|

m the //a/ae, of the papefk. _ 7 » ‘?%
(4) What- s the maximan of P for X=0? ($4) L
b) ke/oez{t (A) for X =h. L (52’)-* l_' 7:é7- JL |
(C)'ﬁe/beaﬁ (a) for )C:f;él, - — (SA)

(&) Estimate the maximum yale of P and the valde of X
for which it occars. _ : (%)
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4_ o A L75-indiameter shalt is made of a grade of steel with a 36-ksi teusile
* yicld strength. Using the maximum-distartiou-energy criterion, delcru?me ther -
maguitede of the force B at. which yield first accurs when T = 15 kip - in.
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~ Deterniine whether it is advantageous to have thin iron fins (0.3 cm and k=55 W/ m
K), on a heating surface. The heat flow through the base of a fin is given by the equation:

1

h .
-HF"’CH:anh mL | _ _ .

1+(—1-n-—}2c)tanh mL

Q,=mKAD, [

| where L, is the film heat transfer coefficient at the end of the fin. The m=(hp/la)"? and p
is the wetted perimeter, Using followmg two cases,to discuss: .
(DWhen heat is transferred to air, 10 < 1 < 100 W/m? K.
(2)When heat is transferred to water, 550 < h < 5500 W/ m’ K

p)

Z The heat exchanger surface shown in the figure separates a stream of hot liquid (T)=
100 °C, h,~.200 W/m? K.) from a stream of cold gas (T, = 30 °C, h, = 10 W/ m’ K ). This
surface is made of 4 slab of thickness t=0.8 cm, which has the frontal area of a square with
side H = 0.5 m. To offset the effect of the small heat transfer coefficient b, ,the area of the
cold ‘side.was increased by adding a number of pin fins arranged in a square pattern. The
dimensions of the wall, the individual fin, and the square array are indicated directly on the
figure. The wall and the fins are made of a metal whose conductivity is k=40 W/m K. The
effect of fouling is neghglble on both sides of the wall; in other words, ~

___.-.._-—

~ ~ ' . 260)
b, = hh h=h _ R 492
Calculate the overall thermal resistance of the heat exchanger surface( 1/U A, or 1/ UA, ) and -
the total heat transfer rate q .
Colsides T=30°C =2 = L a0Sme——
- i) hs 10 Wimd 'K
W side: "".: ]
Phont sinle: .;} ! | @ @ @
o e \; !". . .
Ty=100°C ik /7 Pin i
I, = W0 Whnt K [T53, .7 | LY ® @ -
' i 0.5 |
:":\":' g Wall h -ll’_'s o : Jem
i 5 ® ® -
=03 — | f—— l.:.'\cm.—-i . 2em—
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(@) What are the advaniages of the dimensional analysis? Why do we use
nondimensional variables in fluid mechanics (and the other sciences)? ¢ 72 % )

(b) For aincompressible flow problem associated with a reference (characteristic) length
L, try lo nondimensionalize the continuity-and momentum equations with constant

) vnscosxty €72 %)

(c) What will be the nondimensional parameler appearing in the above nondimensional
formulations? Explain its{their physical meanings. ¢ 7 %)

(d) What will thisfthese parameter(s) be if the flow is passing across a cylinder with .
-diameter D? ¢ 2 95).

»

(a) A pump at section 1 delivers fluid with an average velocity 200 m{s and exits at a 300
angle at section 2. Itis known that the density of the fluid is given by

p=po[1+(1-r/R)B]/2
where R is the radius of the pipe and pg is 1000 kg/m3. Section 1 has the laminar

profile u; = uyy (1 - r /R)12, while section 2 has changed to a turbulent profile uy =
Umz (1 -rLR)7. What are the maximum velocities uy) and uy, in meters per

section? ¢ ,/3 2

D2=_ 6 cm

Dl:» 10-em / . b sl 2
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. - :_h Pump is here ( Secton /)

{®) It is known that section 2.is 10 m higher than the pump and the losses between I and
2 are given by a head loss he=Ku2{2g, where K=8 is a nondimensional loss
coefficient and g is the gravitational acceleration. Estimate the power required Lo
drive the pump if it is 75 percent efficient. You must clarify all the assumptions
made in the calculation. ¢ /2 %)
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1. () Find the Thévenin equivalent with respect to the terminals a; b for
the circuit in Figure 1. (14%) . . SR ;

" (b) If an adjustable.load R; 1is connected to the terminals a and b, find the 1
maximum power transfered to R, (6%) ) T
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Figure 1 -- -
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2. In Figure 2, switch 1 has been closed and switch 2 has been opened for a ?:3

lon.g-.tim'eH_At t=0, switch 1 is opened. One hundred milliseconds later
switch'2 is closed, Find ' '
+ (@) vet) for O <'t<70:15. (10%)
(b) ve® for O.1s < . (10%)

e 0 - . ) - .
) 't': g 30 KL \'t-o\i second
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- Jelf! \ . Switch “openec

Switch “closed
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3. A bipolar transistor is biased-at collector current Io = 0.5mA and |
common-emitter forward short-circuit curreint gain By = 150
(a) Determine Uausconductance & at room temperature. (6%)
(b) The input resistance h, =-7.6Kf2, Find base- spwadmg resistance T,
(6%)" .
(c) A load resistance R, = - 2K is used and the t1a1131st01 is driven from
a 300 Q voltage sou1ce Est.lmate lhe t1ansfe1 voltage gain. (8%)
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4. (a) Draw the low flequency small-signal model in Figure 3. (10%)
(b) Derive an expression for the'signal component ofv ploduced by the
mgnal input v, (10%)

- tVop

*

k»
"~

— Ft‘sure 3

oo b —— e g ba - —

5. The (hffeleuual and common-mode gams of a differential amplifier can
be approximdted as ~ T

Jp———

Ao =—=2000_ p e 05
L+ s/2mx10 Ls/2mx10”,

(@) Sketch the asymptoﬂc Bode dlagram of the common -mode LeJecuon
ratio CMRR. (10%)

((Ll)ogt)What frequency, is the CMRR one-half its low- flequeucy value?
0
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