
(1) Find the ge~~era l  solution of 
z y f + 2 z + y = o  

I $;{>-l. 
(2) Find the soluLion of 

1 

(3) Find the inverse Laplace transforrnbf the fimctior~ l n ( l +  6)  .&??I 10% 

(4) An'RL'circuit and voltage source v(t), are shown in Figure 1, where R=4 ohm, 

L=l henry and C=0.05 farad. .A'ssurne .I(0)=0, find the current I(t)=? . 

Figure 1 a 

/ 

(5) (i) Find the eigenvalues and cofresponding eigenvectors in Figure 2,.where 11=$ ohm, 

L=l  henry, C=0.5 farad; 

(ii) Fiiid the initial values of il(0) =? and V,(O) =?, if v,@) = ~ e - ' ~  volt.' 

-- . - 
Figure 2 

. . 
(6) (i) Find out what type of conic.section the-following quadratic form represents 

5 

and-trCisf6rrn _ -- i t_t~-~rincipal axes; - - 
(ii) h p r e s s  xT = [zl'zz] in terms of the new coordinate vector yT = [yl y2]. 

- 
(7) Find the Fourier series of the function .. 

( ) +  if - n < z < r  'and / ( z - ~ 2 n )  = / ( z )  10% 

. . 
(8) Find the Fourier cosine and sine integral of /(z) = e-kz 15% 



1 .  &$B~JgLzy$q: 
-@j~%$A241$jjafiUU-Pfi3 1 gdfiFfi?[$$$z$$$J$s P+jQ 

(1) Z-GIG P YG Q &ft VI, 61, V2, 62, Z g? cpBgE!& BIJ 
P = f ( VI, 61, v2 ,62,Z,  cp E-Q = g ( VI, 61, V2,62:z, cp ; ; ( I  5%) 

(2) 5% 1 8A@Ztfjl%%lKL!Ef%fjC (Swing BUS) K%BI$/kl& :vl = 1 . 0 ~  R Q I  
&%l@fi Z& $<'ift@ffi#%%2$&9~$ P+jQ Ni%i%l * ~iM!L~U~~$!JH4@-E 

(Newtoll-Rayl~son) %%@bb%'kf fZ@ 
. P = f ( V 2 , 6 2 ) Z Q = g ( V 2 , 6 2 )  (1 5%) 1 

~ i ~ ~ ~ J ~ $ ~ < @ ~ & ~ ~ ; - F z ~ ~ ~ $ ; & ~  
$j{rB%l= 8.1 A. ~ $ ~ ~ J $  =.3025 W . @hqZ$g 15 Hz \I$z&gi$$&&& 

P*.  $ $ I ~ l @  = 268 V $&a$i = 52.5 A 241%!!8 = 19.2 kw 
, - 

' R-T-$2FtPsliflJl+2%I!Ei = 2.35 R' 
A- 
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--~&/~]$-@~&z-$$$ll~ ~ i ~ ~ ~ f i $ \ [ ~ $ - ~ ~ ( + > j j ~ ~  Xd=l.8 p,u, Ti Xq= 

- 4 4 -  

1 . ~ 5  p.u. lk~k~b!!!-- Xe=l .65 p.u. z % f i @ ~ - - ! $  ('%@ V, =1.0 
-e. 

p . u ~  ~ - g k [ ; ~ ~ t ~ ~ f i ~ r n a z t x % { ~  0.9 ygqq ;+~gafifijig~ 
(excitation voltage) 24%6{1B . . (20%) 
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1. Thc circuit in Fig. I !ins V,= GOOV, V,= 0Y.L = 20111-1, C = 501rF, and I,= 350A. - 
.Deter~iii~~e (i~)'tlie peak capnciior voltage a!id current, illid (b) (lie conduction time ol 

20% 
lhyrislor T I .  

6 '  

Fig. '1 

2. A rcsislive load is to bcsupplied'from a phase-controlled reclifier. A sle11-down 

t~a~isformcr connccts [lie 480V (rms), GOHz, so~~rcc  to llio rectihc;: Pcak sccondar)~ 
15'70 

volli~ge to [lie load is rcquircd to be IOOV. Tlie load resislance is 10Q. Tlie value of Llie 
. . 

pllllsc control zuigle is 30'. -' . . 
\ 

(;I) I;or:~ bl-i(lge rcclificr co1111cclci1 lo il~c,scco~~il;~ry wi~~(lings; lin(l llle pri~iiiw)~.;i"il - -- 
seco~~dai.y -po!vcr I'actors. 

(b) For a full-wave rcc[il'icr will1 n ccnlcr-lopped tlunslhrmcr, lillil tlic pri~iiary and 

sccondiu.), po\\'cr Pactors. 

3. A single-phase fu l l  coliverter is used'lo conlrol the-speed of a 5hp, I IOV, 1200rpm, 

scp:walcly cscitcd dc motor: The converler is conncclcil lo a single-phosc 120V, 601-k 
15'70. 

, suljply. The ;lrlnalurc resistance is R,= 0.5Q and arlnillure circuil inducla~lce is 

L,, = 5mH. Tlle molor'volhge conslant is I<@ = 0.09V)rpm. Assume the iiiolor curreni' 
. - - * 

is ripp1e:frce. . < - -- .. _, 
(a) The dc ~iiacliinc opcrales as a molor,ru_Iis a1 1000rp111, and carries an afmalure 

curreol of30A. Dcle1.111inc [lie firing angle a and [lie supply power faclor. - ' -.-_ 
7' 

(b) A rege~lcali\fe b~aking operalion at 1000rpm is obhined by field revenal. Tlie 

molor curl-enLk30.4. DelerminQ 1Iie.firing angle and [lie paver fed back to i lk  -- .. . supply ill 1000rp111. - -- 
- 

. . .- 
5 



4. (15%) A buck- boost cl~opper supplies JOOW at50 V to o resistiie load like tl~at ill 

Figure 4. fro111 n 35-V source; T = 200 ~ L I  and L 700 pH. Find: (a) tl;e value of D 

(3%): (b) Imin and I,,,,, (5%); (c) average swllch current (5%); (d) average dlode curre111 ,, . . 
(2%). .. . . . . , ~. . , 

1 : . . 

5. (15%) A single-phase ac voltage controller in Figurc 5 has a resistive load of R = 15 R 
and the voltage is V, = 120 V, 60 Hz. The delay angle of thyrigtor T, is a,= d2 . .  

Determine the (a) rms vdue o ~ ' o u t ~ u t  voltage, Vo (5p/o); (b) input factor, PF (5%); 

and (c) ayerage illput current (5%). 

. 
.G. (20%) A si~rgle-phase brMge inverter in  Figure G 11as a resistive load of R = 2R and tI~e 

dc,input voltage is V, = 48 V. Determine the (a) rms Output voltage at the funda~nental 

freque~~cy,.V 1 (4%); (b) outputpower, Po (4%); Cc) ;Iveragc alld peak currellts of.cacll 
' 

Ira~rsistor (4%); (d) total l~ar~nonic distortion, THD (4%); and (e) dist&ion faclor, DF 
. (4%). 

. .. 
> .: ' I 

Figure 4. . R 

- - -  -. - (a] Cilcuil (D) ~ a v e r o r m s  
-. * 
- . . Figure 5. 

. .. ; . L 

- 0 

. . 
(a) Clrcuil [b) Wava lam , : 

D,D, ~o,o, I  D,o,Io,a,c 
on, on m m F3dr-e 6.  

( ~ ) L ~ m d S ~ l l s n ~ n l l h l n d ~ R m l M d  
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1. i o r  thk circuit of r igure  1, find the,voltage gain V,/i/,, the input resistance ~j , ;and 

. tlie output resistance R:,. The op amp has open loop gain H = l o4  V1//.V, Rid = 100 
,- 

ICR, Rj ,,,. =-w, and r,  = 1 ICR. (12 %) . 

2. Plot the tra.nsler characteristic Vo - V;: of the circuit in Figure 2. ( 8  %) . 
. . 

3. Find the logic lunction implemented by the circuit shown in Figure 3. ( 6 %) 

R = 1 ICn and C = 0.1 pP. 
- - 

A 

(a) Determine the closed-loop transler lunction K,[s)/x(s).. ( 7 % ) . ..--. . 

(b)  Find tlie value of k above which the closed-loop system becomes unstable. ( 5 ' 

5. Consider an' NMOS invert will1 enliance~ne~lt load having Kb = 1 V, (M'/L)l = 4, - - 
('W/L), = 114, p,,Cox = 20 ILA/V~,  24, = O:G I/, 7 = 0.5 v"~ ,  and-VDD = 5 V .  . . 

I 

. ---, 
---(a)-Neglectinglhe body effect, find NMrr, and NML.  ( 7 %) 

. ---->&, 
(b )  Takkg  the body effect lnlo account, find thekodified values of Vorr ancl NMH.  

- ( 5 % )  . . . . - 
6. Write the Iiransler functioll of a second-ordjr notcll filler as shown in Figure 5 lor 

.. . . . 

wh'ich the dc  gain is unity, the.pole lrequency is 10 radjs, the  ole Q is 0.5, and Lhe - - .?--. 
Lransmlsslon is'iero at 100 rad/s. (10 %) 

I 



- .  
7. A 1WL swilcli is connecthd wilh two load resislors as  sliown ill Figure G. Tlie inlenl - .. 

is lo provide sornewhat,complemenlary signals a& X and xi lhal is, when-one rises, 

the other lalls.. For the PET, Ioss ='lo mA and V p  = - 2 ~ :   or the diode, when 

conducling, VD = 0 . 7 ~ ~ ;  ~ h e r i  the diode'is cut oil, wl~at  are the volln.ges al, X and 

" ~ 

Y? Wlial vollage is rcqui;ed a1 A (0 ensure il~al; lhe diode is barely cul OK (diode . ... " . - 
voltage is zero)? What vollage on A is required 1.0 ca.usetl~e.dPET lo cul oll? Wliat 

vollagas (111 X ant1 Y rcsull? ( 15 %) 
. 

k. 111 l l ieci~cuit  ol.lTigure 7 ail devices are m-alcllctl. lpind l ; l i  value O F  Vo. .( 'lo %) 

-- 
9. Wrile t l ~ e  1,ransler lunction lor an amplifier. 1iaving.a gain o l  -100 at  rnidla.nd a ~ i d  

a low-frequency response characterized.by zeros a l ' l  and 10 rad/s (on the negative - 
real axis) -- and pples at 5 and lOO.rad/s. Whq1 is I.he dc gain ol  this amplifier? Whal 

.- -- S. 

is its 3-dB frequency? ( 15 %) .. - 
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. . 
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. - - (4% ~ a ,  
1. Find thc tral~s[er, fur~ctions, gl(s):= xl(s)/i(:~) irrrd g ( s )  .=. x~(s)/I(s),  [or t l ~ e  - 

translatior~al mechanic2 system shown in Pig. 1. - 

2. Cor~sider a linear tirne-invariant system that is described by ' 

~ ( t )  = h ( t )  + Bu(L) 

where x(t)  is the state vector , u(t) is t l ~ e  input vector, and A and B are ~natrices 

oI approprialc di~ner~sions. If a nonsingular tra~rvIorrn x = Py is pscd, t11e.11 tlre 

abovc stale equations are trans[orrncd into . 
j ( t )  =,P-'APy(t) t P-'13tr(t) 

1 
Sl~ow tllal. 1l1e cllaracleristic equation a ~ ~ d  the eigenvalues of A are tlre the sarrle as 

tl~ose of P ' A P .  
1 - 

3. Suppose that tlie input-output trallsfer funttioll oI a l iney systern is 

s t 1  . - 83 = s3+4 3 2+iS+2 

- 

(a) .Write 'the state equations [or the.above system such that the gystenl is state 
cant rollable. ) .  

(b) '  Wiite tile slate eqilations for the abore systcn~ such that tile systern is stale 

. observable. 

(c) can  you write the state eqIations suc11 that the system is sl'ale conlrqHhble and 

observabie? Knot ,  explain why. ,. - .  
--- 

- 
- = -  . . -- 

. . 

. . 

1 



4. Find tlie input-output transter lunction relati011 for the signal graph sliown in 
, , - C . . . .  

Fig. 2. .I- - 

(4 - 
J I  

( 

(b) . Jz . . 
, . 

5. Consider the transkr [unction o l a  linear process - . % 

10 . 
G,(3) = sZ(s+25) . 

Find's statc leedback controllkr such that the- closCd-loop ~ys ten l  satislies. the . . 
lollowing specifications . ? .  

* 
(a) 20% oversl~oot .. I .. - - 
(b) settling time = 4 seconds. -. 
(c) zero s t e a d y h a t e  error lor astep input. '. .- 

. . . . 
. = . , 

, 

, .'* 



1.. (15%)  Find. a u n i t  v e c t o r  p e r p e n d i c u l a r  to  t h e  p l a n e  ' 

3 ,  

J u s t i f y  y o u r  a n s w e r .  . .L 

.. ~ 

2 .  ( 1 5 % l ~ o l v e  t h e  system o f '  t h r e e  l i n e a r  e q u a t i o n $  i n  f o u r '  
unknowns: , . . . . 

3 . 0 ~ ~  +2;Ox2 +2.0x3 - 5.0~4 = 8.0 ' 
' 

.. 0.6x1+1.5x2+1.5x3-5:4x4 =2.7 

. . 1 . k l . - o . 3 ~ 2  -03x3 + 2:4x4 = 2.1 

Is t h e r e  a u n i q u e  k o l u t i o n ?  E x p l a i n  y o u r  answer :  -- 
. ~ 

' .  
3 .  ( 2 0 % )  L e t  h l r k ,  ...,A,, b e  t h e  .e igenvalues:  o f  a g i v e n  m a t r i x  A .  

Prove  t h a t  t h e  i n v e r s e  A-I. has' t h e  e i g e n v a l u e s  I&, ..., I&. 
. , 

... 
r l  . . 

4 .  ( is%) 2 ~k 'Let .  X I :  X2,. a n d  ,Xa be t h r e e  i. i . d .  .ra6dom v a k i a b l e s  . 
a n d . e a c h  h a s  t h e  pdf  / ( x )=2r , 'O<x< . l ,  zero elsewhere. D e f i n e  Y t o  . 
be  the.maximum o f  X I ,  X 2 , '  a n d  4 .  ~ i n d ' a n d . s k e t c h  , t h e  . .  

, p r o b a b i l i t y  : d e n s i t y  and .  d i s t r i b u t i o n  f u n c t i o n s , ,  f&) a n d F b ) .  - ' . , - 
- 

7 - 

5 . . ( 2 0 9 )  Two cont+inuous  r a n d o m ~ v a r i a b l e s  X a n d  Y h a v e  t h e  . . . . j o i n t  d e n s i t y  g i v e n  by / ( ~ , y ) = ~ e ~ ~ ~ . ' ) u ( x ) u ( y ) .  D e f i n e  t h e  
f o l l o w i n g  twb e v e n t s  A = { X > 2 )  and B = { Y > ~ ) '  . 

, '- ArecA - a n d  B - ' s t a t i s t i c a l l y  i n d e p e n d e n t ?  
1- -.-. - -; - . - - .  

C 

6., (15%) T h r e e  f a i r  co ins . .  a re  t o s s e d .   let'^ d e n o t e  t h e  number 
o f  hea.ds a n d  Y t h e  number q f  , h e a d s  minus t h e  huinber o f  
t a i l s .  ? ~ n d  t h e  j o i n i  p e o b a b i l i t y  d i s t r i b u t i o n ' o f  X and Y .  

+ 



. .  - - - 
115%) The n o n l i n e a r  system decs r ibed  by . 

. . 
y(1) = x(f) +X>(f) 

I 

. . has an' i npu t  s i g n a l  wi th  the-,lowpass spectrum . . 

. . 
. 2 .  (20%)  'I& s i g n a l s  s l ( l )  and ~ ( 1 ) ;  -def ined  on ( o , ? ) ,  a r e  .giv;n 

hv -J. - 
s ~ ( f ) =  A, ' O < f < T / Z  . 

. T R < f . < T  . . . 
and ' 

0,  . O < f < T / 2  
A T/Z<I;:T _ .' . 

3 a i g n a l s  a r e  t r a n s m i t t e d  through an AWGN 'CLaniel.  
10%) Find t h e  matched f i l t e r  impulse r e soonse  h,lfl for 

p. robabi l i ty  of .  e r r o r ?  . 

. . 
F i g u r e .  1 

* .  . . 



.. _ _ . . ,... . ...-.. ^ .... . . . , . * *  . . -. . ' . + . ... --- . 
. . . . 8 .  . . . . . . . . .. . . . 

' I  .. . . . - 
. . .  

4 .  (15%).  The i n p u t .  t o  the '  RC c i r c u i t  s6own i n ' f i g u r e  2 is 
A~os(@,l) p l u s  w h i t e  n o i s e  w i t h  double-s ided-p0we. r  s p e c t r a l  
d e n s i t y  N012. Compute tHe SNR a t  t h e  f i l t e r  o u t p u t  i n  terms. . . 
of N O ,  A,  R, C, and w, . . . 

( Note : . J(1 + x ~ ) - ~ &  = ~an-lx . a I '  . .. . . . 

.. . R ,  

.-. .- 

. . .-- - . , - . . .. . ' . . F i g q r e  -2 . . " .  ,. 7 . . 
5.' (15%).   he i n p u t  message  s i g n a l  t o  a  m o d u l a t o r  is' nr(l)=2u(l), . 

,where  u(i) d e n o t e s .  t h e  u n i t t s t e p ,  func t . ion .  'The uqmodu'lated . . . ' car-rier waveform--is  A ,  co:(oj,i). . . 
( a )  ( 7 % )  Assume n(t) is t h e  i n p u t  t o .  a ~ ~ . m b d u i a t o r  w i t h  

d e v i a t i o n  c o n s t a n t  k p = d 2 .  s k e t c ~  t h e ' m o d u l a t o r  o u t p u t .  . '  
( b )  (8%) S k e t c h  t h e  i o d u l a t o r  o b t p u t  ' if-nr(1) i s  t h e  i n p u t  t o  

an  FM m o d u l a t o r  w i t h  f r e q u e n c y  d e v i a t i o n  c c n s t a n t  
kj= acR..,- . . . - -. . . . .  

6. (20%).  A c o > i ~ a t - i ~ n ~ s y s t e m  t r a n s m i t s  f o u r  p o s s i b i e  
s i 'gna ls  a t  . e q u a l  p robab l i ' l i t y  t h r o u g h  a n  AWG1.I c h a n n e l  .. 
Assume, u s i n g  s i g n a l  s p a c e  c o n c e p t ,  t h e  f o u r  s i g n a l s  c a n  
be r e p r e s e n t e d  g s ' t h e  f o l l o w i n g  two;dintensional  v e c t o r s :  
( 2 , 2 ) ,  ( 0 , 2 ) ,  ( - 2 ; 2 ) ,  ( 0 - 2  . 

. . .. C 

( a )  ( 1 0 % )  D r a w  t h e  d s c . i s i o n . r e g i o n s  f o r  e a c h  o f  t h e  s i g n a l s  
on a  s i g n a l  s p a c e ,  ,' . .. . . 

( b )  ( 1 0 % )  What i s  t h e  ~onditiona~'error'~robabi1ity g i v e n  
t h a t  t h e  ' s i g n a l  ( 0 , 2 )  was t r a n s m i t t e d ?  . . 

. . 
I ' .  

' 7. 








