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1 .  The v e r t i c a l  p o s i t i o n  y  o f  a  p a r t i c l e  f a l l i n g  ill a  g r a v i t y  r i e l d  i s  

detertnined, b y  ' t h e  d  j f f e r e n t i a l  e q u a t i o n  I + _  . 
" 

..-, - "& 4. = I,I{, 
"I JE . . 

. , 
where nl i s  t h e  nlass, a. i s  t h e  d r a g  c o e f f i c . i e n t ,  and y  t h e  a c c e l e r a t i o n  

i 
I 

due t o  g r a v i t y .  
4. 

a, 

r i n d  ~ ( t )  wllen y ( o )  = yo.. 8 ( = 0, and s l ~ o w  b y  a  l i ~ i t i n y  prbcesr  . I 

t =o - -1 . CIia t l i e  s o l u t i o n  For a  -* 0  a p p l - o x i ~ ~ i a  t e s  :lie u s u a l  e x p r e s s i o n  o b t a i n e d  :: 
vliieli !lie d r a g  c o e f f i c i e n t .  i s - z e r o .  , - . . -11 

L .i 

2. So lve  t l ie  d  i ' F f e r e n t i a 1  e q u a t i o n  

' 10 x = f (  t ) ;  x ( 0 )  = 0  
., -- 

w i t h  .F( t) as..Sli&n 
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eons;Jel- +Re motion i r f  (I doiLLIe P~I~L/U, , ,  attec/ll& 4. _- -. -. 
~ I h e f D t - m  t h c t  has R p~escriL>J vert;4ri m o t i o n  to cm 2,. -- i n e r t ; a l  t r ~ ~ l l e - ~ s ~ d ~ ~  . . in od~vc F; ule . Twp i r ~ - t i L ~ e . r  O$ . . d ' 

-mus:.es nl, f i l~d m~ hte oonn,eete4 +o rnhsilers ~ O L ( S  cf f a j t h s  1, A'r 

s t s p a \ J 4  h . 1  = plt~+&,ym thct br h p r e s c * b ~  VOI.~;M[ . ~ L C L ~ O .  

b i t h  resgGc6 .to tile i n e i t i d  C~a1-e 0. The r n - t t o n ~ ~ k - f ,  the gnrt:cIer is  
ionikrnin.4 Ly i fenar  - k l l ~ ~ t  & r i  initlot1 I ~ I ;  ~tdal aid liavq t l~e.  c o ~ i r h n t r  Y J  
-II ~ h d  $2 . TI,* ,s ra s nR wls?betchec[ wl,en t h e  prticle s I l'e bal- t icn(I  s 8 
h e l ~ w  t h e  pfLtt&Form. tI19 B uit;on,s of motbn $ 6 ~  t h ; s  s rtenl. 

Y 
9i 1 
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1. (a) Find the Th6venin equivalent wi th  respect to t h e  termninals a, b for . 
, tlie circuit in Figure 1.. (1.4%) ' . . 

(b) If an adjustable load R,is connected to tlie termnimia1s.a and b, find tlie - 
. . mag,mum power transfered .. to R, (6%) .. 

L 

26 a' 

4- . .- 
87 V 

.I 

b 
1 

4n 
.. 

Figure 1 
. - - i  .- 

> .'& . , . . ! 

2. In Figure 2, switcli-1 has beemi closed and swiicli 2 has been opened for a 
long tillle. A t  t=O, sw'il~k 1 is opened. One hundred niilliseconds laier - 
swilch 2 is closed. Find - - : 

(a) vc(t) for 0 s. t -r. 0.1s. (10%); 
(b) vc(l) for 0.1s -r. t. (10%) 

,,,, -.  . - . . ., , .  . 

w 

s w i t c h  "closed 
. . 



3. A bipolar iransistor is biased'at collector. current Ic = O.5mA-.and - .  * - 
cornmoo-emitter forward short-circuit-currknt gain P, =, I50  
(a) Determine tmnsconductal~ce 6," at room LemperatuF. (6%). 

. (b) The illput resistance hik = 7.6KQ Find base-spreading resistance 1;. 
(6%) \ 

(c) A load  resistance.^,-= 2KQ is used and ~ h k  transistor is driven from- 
'a 300 Q voltage source. Eslimate the tralisrer voltage gain, (8%) - . _ ,  . ., . . . < . - 

4. (a) Draw the low-frequency s~nall-signal model in Figure 3. (10%) 
(b) Derive an expression for the signal component of V, produced by ihe 
sigl~al illput vi. (10%) 

.- . -. 

I , . . . --- 
5. The differential- aiid'co~~mon-mode gains of a differential amplifier can -. be approximated as 

h" -- - 
..- 

A = -2Ui)UU c0.5 . 
DM and Ac,s. - 

I +  s 1 2 n x l ~ ' ~ -  - -- I+S/~XXIU' 

(a) ~keicji'tlle asymptotic B o b  d i ag ra i  o[ the conkon-niode rejection 
ratio CMRR. (iO%) I -  . . . - .  
(b) At what frequency is ilie CMRR one-ha1 T. its low-frequency value? 
(1.0%) 







-. 
.f (h) State the dif\jCU[t i-ej  which Ma occur  in drillin 0 eraGon due- t o  the * ' . Y  - 1, I' ,. - 

* q i 5 t ~ n c *  of c-hirel.-dp of-a drill. A , 

. I .  

Ib)  5% e h  at l a s t  T W O  D. Yoaches fo e(imi~afa: or it. ' l .east - t o  slfeviate. at P . .  

Y 
- .  the dif f icu~t i *~ o k t e t e i i n  6Ca). C 1 0 % )  . - 

5'. R~~bi,.be & hi A-k-,, r o w s ,  a n d  state iks advmta rr  /%- . - a- 
, - :  

* a .  
&hd-\in!ib%ons. c 1 o%.j 

i 9 ! b  , --. d t  funcsr,xr - of rfikr m y , * ,  rdi+f a$ / md ad. catti. ad i D.I Ie ' 

, -'--..-, of , - , 

% %  a 
Dirur ,  (ht of- shew an tc on dr  hi * h i c k t i e s ~  snd r u t t i n  

. - -- t P . -  & 
*Ffi+rnF in *he or tho  bnal utti* nodal. ( 10%) I b ' -.- -. - -- -- 

--. L 



1. A rigicl cyli~~tler contain: a "floating" piston,'free to [hove within Lhe cyliidei witl~oul 
1. 

friction. .Initially, it divides the cylinder.in half, grid on each side o i  lhe piston l l~e  ' 

cylinder holds I(lb elole) of ;he same idea gas at g0 (OF) attd 1 atm.. An electrical 

resistance healer is installed.on side A of the cylinder as shown below, and it is enetgi~pd 

so as to cause the temperature in s idqA to rise slowly to 340 (OF). If the tank and the 

piston are perfect heat i~tsulators and are of neg;igiblc hent capacity, calcylated the 

atnoullt of heal added to the system by the resistor. ( 2k 3 ] . , +. 

'1P1e molar heat capacities o i  t1i.e gas are cot~stant and have the values C, = 3 (Btu)/(lb 

~nole)("F) a ~ ~ d  C p  = 5 (ULu)/(lb mole)("F). 

2. Very pure liquib - water can be subcooled at almosplieric pressure lo Lehiperatures wtll' 
a- - 

bclow 0 UC. A s s i ~ n ~ e  [hat-a mass of water has been coolet1 as a liquid lo -5 &C. A small 
---L .... 

crystal of ice (wl~ose mass is negltg~ble) is added'lo "seed" the subcooled liquid. 1i Lhe 

subsequent cl~arige of state occurs adiabatically and a! constant (almosplteric) pressure,. 

what fraclio~i of llle system solidifies? What js the entropy change of t11i systen~? . . . . 
* ( zk?) 

The following data are known; 
. . . 'The latent Ileal or fusion o i  water at 0 0(: = 333,4 J/g: ' 

. l'he [lent calvatily of water between.0 and -5 OC = 4.22 Jlg OC. . 



. . - ... - .. . .. - . .-.- .-".-. 1 . .. -. ..- 
3. Duriug steatly-state . operation, . a parallel sl~afi gearbox receives GO0 kW d\rougl~ the 
higl~ speed sl~all but o w i ~ ~ g  to Gictiou aud other irreversibilities delivers 588 kW . ., 
tllrougl~ jlle low-sl]eed shalt.'lle gearbox is cooled or1 its outer surfiice accordillg to 

Q = -I1A(Tb-To) 
where 11 is t l ~ e  ilea; transCec coefficie~~t, A, is the surfi~ce area, Tb is the u~i iorm 

I 

, I / 1 -------,!I- 
Ouler surlacc t ca rbox  '. ---'------------' 

IE~PPIIIUI~. '& 
> .'* (6) 

(nt b+r P p d * . j .  . .. 
.. .... .. - -  , 

I< T a. 
4. Usiilg the i<edlicl~-ICwong equatio~~ of state, P z - -- 
, deve l~~~ex~~ress ious for  the followiugs v - b  v (v.1-b )I"/" 

- - 
(a) Cp-Cv in tern~s.e~_v,< T, a and b. 

(b)(S2-Si)r ill leru~spf vl,v2,R, T, a aud b (eutropy cha~~ges  between two states'uuder. 
2-. -~ - .  

.isotl~esmal process) \- . . - - - -" 
(25%) ' - 

v 
temperature of the outer surface, and To is the 1111ifonn temperaturn of the 

I 

. . I-lere, P: pressure, v: specific volu~n?, T: temperature, R: gas coustalct, a, b: cons t~n t s~  
Cp: specific heat (constant pressure) C,: specific heat (coilsta~~t volume) , ' 

* - .'I S: eutoj~y % . . 

I .  

C . - 

I 

s u ~ ~ o u ~ ~ d i u g s  away fib@ the gearbox. Evaluate the rate of eulropy production d s  in 
kW/I(, for ' 2 

(a) Ll~e gearbox as a system. 
( b ) h  el~lagetl system col~sist i~~g OF the gearbox autl e~lougl~ of its surrouudi~~gs that 
Ileal lrar~sfer occllrs at te~nperature To. . 
( Lel!1=0.17 IcW/ln2, A=l.8 lu2.al1d TO=293 K. ) (25%) 



(a) PID ~@ilifl#$Z$J#]~#l (Kp, Ki., Kd) ~j~g~jj~$ili(fi~~+~{~~#~{~? (?A 
' 8 $ 5  & r . . .%5g$i) (7%) 

n, 

(b) 3 ~ f i ~ i j j i l  (phaes lead) ~ t ~ f i g g  (phase lag) j"flj!l&k$$?jfi{~~$a' 
fil,!j$Ral&2fi (high-pass f i  I ter) ? {f!J*3{Mifi{&Zj$$&3. (low- 
pass I i  1 ter)  ? E${-(-B ? (6%) 

a 
(c) %?l@l~l:l IIII@ 4 %k?iLiE%& r(r) 

@ - - - - - - - - . . 
~~]j~~fi$-&$/;fj!gl$~] , $(fl$Z @----( 

(IIIFOIIIIIEII~ICLI) 

111.1~~~:f;3r:g~$um~~l~.j~~.u' 3q 
fi'#&&/El;lfl~gfh&jjQ ( lag- , 
lcad) f(~il;fl##~fif~~3flk~+~LC 
IGI o $!j,J~lJ.J$~&jj!&[~{~ ; i&mj 

{ I  (5%) r lscralds) 
. 2  . 3 

( d l  73$IWL$%fik#Z~&$U~fi&~[1 t!3!1~ 
BRi& (root locus me tl~od) lifiWjT4%% 
.IBZ#~llf$pj$k (closed loop transfer 
Ip.u.c Lion) I .l.Gll(s) TITiflt$k3!lr] 
(Nyquist c r i t e r ion)  'fi[JR@Jjja@[$f$ 

(Loop' transfer function.) 
Gll(s) j%{I.@? (7%) .- --- _ - 

- A  









1 4 Deternlir~e whether it is advantageous to have dl11 iron fins ( 0.3 cm and lc-55 W/ m 
I<), 011 a heating surface. Tlie lieat flow through the base ot a, fin is given by the equation: 

h2 - + tanh mL 
mk 1 

Q1=rnK~Bl [ 
h2 

I * ,  

l + ( % ) t a n h m L  ' 

where 11, is the fiI111 lieat transler coelficielit at the end of the lin. - The m-(lip/lc~)"2 ai~d p 
is the wetted perimeter. Using follow~lig two cises.to discuss: 

(1)Whe11 lleat is tral~sferred to air, 10 < I1 < 100 W/m2 I< - 
(2)Whc11 heat i i  tralislerred to water, 550 < 11 < 5500 W/ 1111 IC 

2, A The heat exchanger surface'shown in the figure separates a stream of hot liquid (TI,- 
100 "C, h1,=.200 W/m2 I< ) from a stream of cold gas (T, - 30 "C, 11, = 10 W/ mf I<). This 
surface is mide of a slab of thickness t ~ 0 . 8  cm, w l ~ i d ~  has the frontal area qf a square with 
.side H - 0.5 nl. To offset the effect of the small heat transfer coefficient h, ,t!ie area.of the 
cold'side.was increased by adding a number of pi11 fills arranged in a square pattern. The 
dimensions of the wall, the individud fin, and the square array are indicated directly on the 
figure. The wall and the fins are made of a metal wl~ose conductivity is k-40 W/m K. The .. 
effect of foriliiig is negligible on bod1 sides of the wall; in other words, . - --. -... 

=.Ill, 11, G h, . . ( -  2'-p > 
Calculate the overall tliermal resistants ot  the heat exciia~rger surface( l/UI,AI, or 1/ U,A,) and - 
the total heat tnlisfer rate q. - -- - - 



L 
(a) What are the advantages of ;he di~nensional analysis? Why do we use 

nondimensional variables in fluid mechanics (and the other sciences)? < / D  % ) . 
(b) For a incon~pressible flow problem associated with a reference (characteristic) Lenglh 

L, try to nondi~nensionalize the continuity-and monlentum equations with constant 
. viscosity. ( / O  %) 

(c) What will be the uondimensional parameter appeariug in h e  abbve "ondi~nensional 
formulations? Explain ikltheir physical meanings. ( a  %/, 

(d) What will thisl.these parameter(s) be if the flow is,passing across a cylinder with 
.diameterD? C 2 %>. 

e 
(a) A pump at section 1 delivers fluid with an average vzlocity 200 mls and exik at a 300 

angle at section 2. It is known hat  the density of the fluid is given by 

where R is the radius of the pipe and po is 1000 kgh113. Sectior~ 1 has the la~ni~lar  
profile ul = u,,,~ (1 - r LR)IR, wlrile section 2 has changed to a turbulent profile u2 = 
u I ( 1  - r 1 ) .  What are the maximum velocities ull,l and u,,,2 in meters per 
secbon? < 13 % ) 

- . - -\ 
.- . Pump is-liere ( Se~fioa 1 

@) It is  know^^ that section 2,is 10 m higher than the pu~np and the losses between I and 
2 are given by a head loss hr= Ku22 L 2g, where I< = 8 is a no~~dimensional 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. c / 4 ) .  



1. (a) Find [he Tllkvenin equivalent with respect to the terminals a; b for 
the circuit in Figure 1; (13%) 

' ' (b) If an adjuStable.load R;is connected to the terminals a and b, find .the - 

-. maximum power . transfered to R, (6%) 

. . ., > .h 

2. In Figure 2, switch 1 has been closed and swilch 2 has been opened for a 
long-.time& t=O, switcli 1 is opened. One hundred ~nilliseconds later 
switch.:! is clbsed. Find 

(a) vc(t) for o "T<;o:zs. (10%) , . . . 
(b) vc(t) for: 0.1s < t. (10%) 

-- 
" . 

--. 
.switch "o'open~c - 

200KR - 
s w i t c h  ',c( osed 



3. A bipolar transistor is biasedaat collector current 1, = 0.5mA and 
common-emitter foiward short-circuit current gain Po = 150 
(a) Deternline tra~sconductance s,,, at room temperature. (6%) 
(b) The input resiitance hie =.7.6Kn. Find base-spreading resistance'r,,, 

, '  
(6%) .- 
(c) A load resistance R, 4 2 ~ a  is used and the transistor- is driven from - 
a ... 300 .- voltage source: Estimate the tra~isfer voltage gain. (8%) ' 

. - . . .  - * .  .. . - .  ... 

4. (a) Draw the low-frequency small-signal model in Figure 3. (10%) 
(b) Derive an expression for tl~e'signal.colnponent of v, produced by the 
sigual inpi11 vi. (10%) 

. . . 
- 

5. The-differeqtial- and common-mode gains of a differential amplifier can - be approxirn'ated as -- . -- 
-2obou A = and AcM = .. -0.5 DM 

I+  s12nxl0 l+s/2nx108. 
I* 

(a) Sketch the asymptotic Bode diagram of the con&on-;;ode iejection 
ratio CMRR. (10%) . 
(b) At what fiequen&is the CMRR one-ha1 T. its low-frecluellcy value? 
(10%) 


