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1. Solve the followmg ordmary dlfferentlal equattons

' (a) dy+t 4e™ sin(¢) CT e (10%)
(h) w"+3(y di=o, L T N L
2. " Find'the Laplace transform of the ﬁmctmn . .o .. ,
- f(t.).—]ojcsm(Br)SM(r)dr .. L _(10%) -,
3. “Solve the following. problem using the Laplace transform . -
B y'+8y' ~8y=0; . y(0)=0, <y (0)==4, e (15%)
4.. The Fourier transform ofa ﬂmctlon fis deﬁned to be I S
L CE(e)=s[Lf e a Ce
. Find the Fourier fransformi of the function. ' ‘
® f (r)=3 gl T e . . (10%)
O A= T Ve (10%)
. . AL ) ) ;- ) ¥ . N ar L . “
o5 Lett . .. R LI : ST T §
: 1 -_'2___1‘ '0: v g . b - , )
- ’ PO - R i o LN
Cocd=(2 -1 1 2] s e T e
i I A B R T
(a) Find abasxs for thé column’ 'space of 4. . | .o o (8%) -
(b) Describe the set of all vectors =[a b c] -ezR3 for whlch the linear system
B, Ax =b.is con51stent (1 €. has asolutlon) . B (7%)
e . . T, .
-6... In R let Wbe the subset of all vectors ' \ .
N \an.,.: . .. 5 Lo
- ° :
el , )
that satisfy- a, —a, =ay "a,. o T , o K
() Show that W is a subspace of R4 e €7%)
(b) ‘Show that S . s W
) . 1|{o][1][o: - h -
I ol 1]1f|0 T
S= oy y » '
o [1o]]1{]1 .
i =y Lo pg) . : ) .
spans W. T o e (8%)
. . P, . " - :
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B RTRIT JIRS AR, (o) o .
(a)x"+3jc +2x—2 " %(0)=0, .x(O) =0 - | _ .
.(b)x"-2t+1, - x(O) =0, *(6) S T T R
2 E wmz-‘# VERL=32H Lz—lH :E@M-IIJ_H‘,WH#@#g L
O)ER0) 50 £ rORIEMMAE o (22%) o -
@F & iy, 3»12(‘9 z@agaFERe L - -
‘(b)fﬁ:mﬁ{%{*dw (D" R iy z.é%}ﬂ o e
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1. (15%) Three masses are connected by a series of springs between two fixed -
pomts as.shown in"the Figure 1; Assume that the springs-all have the same
spnng constant and let x; (¢) X, (t),and x,(¢) represent the. dtsplacements
of the reSpecuve masses attime f. . ' ) ;

(a) Derive a system of second-order differential equattons which describés
“the-moticn of this system [,36] '

. (b) Solve the system if s = m2 :l)’,m:t =%.,k= l,and - ' -
X (0) xz (0) X3 (0)—]. ) B ) 1 . )
.xl.(0)=;x2(0)r= x{(0)=0" ! €%} B . 1'
v " T, ' o . ' ﬁ - {
|~ +mn_._zwv'\_..___rh"ﬂ_‘_.|
zg i ™y - M L™ B,
~ - Figure 1 e - N "
- ,.‘ L. N i . A : ",.}l' o \- 1
2 (15%) Let A be adlagonahzable matrix w1th Characteristic polynomlal - -

- s -~ -

(a) If D is adiagonal matrix whose dlagonal entrtes are the elgenvalues of .
A, show that 5(D)=zD" +2; D 4t g ] = O .o -

(b) Show that p(A)=0. T SR

(c) Show that if a,,, ;tO then A s nonsmgular and A L —'q(A) for some
polynomlal q of degree less-than o,

p(A)=a A" +a, A" F +3,,+, o : ;

P

3. (20%) Let, - T T : = t i
— A= [B -0'] T ) '
'~ | 0|C . E
" where -B and C are” square matnces T

(a) If,l is an elgenvalue of B with elgenvector y = (_y,,yz, ,yt) , show that

-

. A is also an elgnvalue of A with elgenvector 'z = (y, S ZYUT N | I ,O)T. L1%) -
(b) If.B and, C are posntlve matrices, show that - A has a positive real” ) .
eigenvalue r with the property that |l|*< r- for any eigenvalue, A#r. - [ %3

(c) If B=C, show that the exgenva.lue r in part (b) has multtpl:Clty 2 and .
possesses apositive elgenvector _ = . L ¢%]




©N

: ) COW 20 =

% B S L Y R e
T ATARBERTIELIAGSRE A ARG

~ 4.(10%) Two random variables X and Y are independent, find the density of W =aX +bY.

.
1. -
Il . " . . .

5{17%) Show that if the ra.mdom variables X and Y are independent, normal, with

expected values mi , mz and variances g% , o2, respectively, then

-
[

PLXY <0]=~—2erf Mherf™ | .
. 2 ol .oz .

Hint: The genéral normal density, is given by fx)= it L
. ' : A . JU'\I 2ﬂ o

and erf(x) =—== J— j g, erf(oo)=— . erf(—x)-—erf(x)

.
hd -

[

"6.{23%) domicier a binary symmetric channel as shown in Fig. 2. Use this channel to

* communicate toa receiver the result of an experiment carried out by flipping

* [

a coin repeatcdlf" We wait until the coin has been flipped twice and transmit
- via the codmg rules shown in Tablé 1, The receiver uses the decoding rules shown

.in Table 2 to decode the received message.

g=1-p - TABLE 2
) i ‘[Received | Decode
- TABLE 1, message | message | -
Exp. | Transmit | 0000
- - |result.|. codeword 10 (ll (1, 8 Olglg 0 (Thatis, ifone
- FPHHT 00600 ?000 (HH) of the first '
TH 1001 001 three bits is jn
- HT 0ilil 1011 1001 .B!TOT,&!CI’BC"
TT 1110 Lol (TH) eiver still can
- — 0001 decode the
. 0TI — received mels-)
R 0101 0111 sagecorrecty..
(a) ﬁuc‘l6 tjl‘le probab111ty of 4 blt reccwed correctly. | o 011 | (ET)
‘(b) find the probablhty of one error among the firsty { i : (1, —
three bits. {$%] 1100 1110
’ () find the probability-that the receiver gets both | 1010 | (TT)
, experiments | false s 2.] . 0110 : ‘

E I,

(d) ﬁnd the probabmty that thc revewer gets oneof the experiments falsc F4%1

(¢) show that the summation of above-four probabilities is equal to 1. [ 4%
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Zious = j (0.08°- 0.12 0.06 %
0.04. 0.06 0.08:
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BERMRLE— B R R ZE R TR -

(b) %H@—'*‘Ebu Zy=j0.7 4 FRERANHH = Eﬁzfi#é]i&f?ﬁffﬁ%?ﬂiﬁaﬁiﬁszﬂ

SHBEH Zy REFHERLALAIS » S8 EAYBIIER

2. 3]5?%#&&&’&&}-?9? (30%
ALEAE  HRATS & %z$#31$ l#ﬂ}?&ﬁ #W-T-ﬁa’téaﬂiﬂifu%ﬂ%‘l%}ﬁ']
'y

-

Tolo -0 0]

Zhwso=j| 07 020 O |#&z" . - o

0.12 '0.08 0.04]
0.08 0.12 0.06
0.04 0,06 0.08

-

- "‘Zbusl Zbus2 .|

1?;4.

]

T @ %E% — SR b AR AL (ba}te& lme-w-lmefault) ’ sfﬁ&ﬁ%ﬁ&'

'%-ﬂﬁo’?‘#-{@)ﬁ o "
b) #eH— Bt & ;ﬁ‘iﬂ%i@aﬁﬁ:l‘# (bolted single lme ta—graund faulf) » 3t
FHBE ﬁ&%wﬁﬂ%z%&

3. BEREHZIHE @0%) .

(@ REF—F1R2E Tiﬁﬁ‘ﬁ"u MAH SR> B EEZA TS (nternal
mductance)\_uﬁ-*'i}':f']:&'r o M3 ﬁ‘&%ﬁ&%lﬁﬁ& H=H, =4z X107 H/m.E.

~ TR wﬁmm@ (anpium) - [4%)

0 REBFRIHE 1, oy LRARCHRY $RAEA TR TH  LRRY
HYCBXEHE D ﬁa{ﬁ%ﬁ#ﬂ#’f%%ﬁ%ﬁ&}* Z 18 %% € #4h (loop
inductance) - Hﬁ{ﬁi %ﬁ:{%ﬁﬁﬁﬁ Bl JE.’&W&%I%' # e [13%)
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1. Figure 1 shows a circuit for a digital-to-analog converter (DAC). The circuit -
accepts a 4 bits input binary word asa,a1a0 Where aq,a1,a,, and a; take the

. values of 0 and 1, and it provides an analog output v, proportional to the value of ~

the digital inpit. Each of the bits of the input word controls the correspondingly
numbered switch. For-instance, if a; is 0 then switch s, connects the 20 £Q
reg1ster to ground,whlle if a, is. 1 then s, connects the'20 xQ reg15ter to the +57
power supply. Show that v, is glven by ' :

‘n

v.,=——[2°ao +2'a1+22az+23¢13] (25 %)

. 2.Figure 2 shows a transconductance amphﬁel: w1th an infinite mput res1stance *
© 210 output resistance, and a transconductance G, =0. 14", A 1MQ resistor Rf

~ What is the power d1551pated il the switch? (25 %) ' o \

is connected from the output of the amplifier back to its mput The amplifier is
fed with a source v, having a source resistance R, Fmd Rin, Vo/vi, and Royr. (25

%) o .. - S ,,-»: -

oo . : - E ¥
3. Provide a design for a-voltmeter circuit similar to the one in Figure 3, which
is intended to function at frequencies of 20, Hz and aboye. It should be cahbrated
for sine-wave input signals to provide an output of +10¥ for an input of 1 7 rms.
The input, re51stance should be as hlgh as possible. To extend the bandwidth of
operation, keep the gain in the ac part of the circuit:reasonably small. The
design should be such-as to reduce the size of the capacitor C required. The - .

largest value of resistor available is 1 (@ (25 %)
M\ o

—

17
o —

-
" e

4. A logic 1n;r;£h€mg the c1rcu1t of- F1g_ure.4_w1th y=5Vand Ry =14kQ, and )
the switch havmg an on-remstance of 100 Q, is switched at a’10 MHz tate. The

load capacitance is 10 pF, and. the input remains high an-average of 75 % of the

time. _Calculate the static, dynamm and total power dissipation in the gate.

- . S LI
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L. Answer thefo]lowmg questlon (ZO A) 2T

. (a) Can'the power MOEFET be used by parallel? Why‘z

() Can the power, BJT be used by parallel? Why? -

7 (c) Give the accurate definition of-the power factor.(The mput source

" may be nonsinusoidal.)
(d) What'is the latchip-problem for the IGBT?
(e) Give'three posmble PWM methods for the mverter (20%)

4 4

3
L]

2. derive the’fottner senes of the foﬂowmg waveform (20%

= - Nt
- . . ar
g

.
L - - -

-

-
L]

Y

e -

5
u

v

"o

= - b
T R A A 1- - A
" N . . 10A ,
——— M . o -
- " - * . "
- -2‘]‘{/ "TE/J 1 . T
. .
" = T = T >
o :
L [ LA /3 : 2r/3
i i - - = 2 ere————
-t ) A T . - o .
- ’IOA . i = . 7 .
Farty » o L] - -
BT ;. £e o v Figdo 0 0 L
- ' ¥ L :
* . T =T
H e,

3,-(a) Give th the circuits of the buck, boost; and’ buek—boost ‘Converters. [I3 ,/.] =
(b) Derive the Vo(output voltage)Nt(mput\voltage) for the above three converters.

»

. (Ifthe duty ratio is D )] 2_%)

4. Please give some more detalled statements a.nd contro! blocks of power electromc
techniques. apply to the'industry p:oducts (for examples smtchmg mode power
supphes, UPS, power factor’ correctlon ctrcmts ‘motor drive, electronic ballast battery -

_"“"\

charge; active power ﬁlter, - etc) (35%)

(2]

)

-
8 el

N
v

>



-

S~

5

5K

JE—

the&ﬁm%y

m [ Sk =X

-

1

= "
- ﬂflﬁﬂfﬁlﬂfﬁﬁﬂ:ﬂfﬁtﬁﬂ?ﬁﬁﬂ

ﬂg.emﬁm

. Please explain the followmg terrmnologles (20%)

(a) linear tlme—mvana.nt systems (5%)

[ 11.
‘

1

(b) well-posed systems. (5%) ) , |
(c) Resonant frequency_ (5%)- ) ' v
(d) uniform stable in the Lyapunov sense. (5%) '

5 . ~ " . - Il A

The bolck diagram of unity feedback control with a series ‘controller Gp(s) is shown in
Fig. 1(a).. The Toot locus 'of uncompensated system in Fig, 1(b). Design an ideal
derivative. compensator‘to yield a 16% overshoot (i--e. damping ratio ¢ = 0.504), with

-

a threel'old IEdllCthll in settlmg time (note the. settlmg time ts = T_) (15%) . .

-

3. Find the funda.menta,l ma.tnx a.nd state tra.ns:tlon matrix of the followmg equations

(%) - T Il

- N
- -

. e o — - z
b —

o B[S e
o [ =[2Ee - )

- M - -
Ly = - - -
s - P

v : : .. C(?) R nﬂ;
oo “‘LT—* 6.6y ] G T
- ) " ” y"l.’igul-'e 1 (o .
jw

e “\'..H g 0'504 .
- A
s - .
S i} T _ S-plane
""" -~ "-\. - e ) 2= ‘.j",‘
. ~1.205 +2,064~ . } -
. o - T k=435 '
- At
. jzo.zo'r A
— e o o
-159-1 6 =5 =4 -3 =2 | =i ’

X = Closed-loop poe.
X =0Open-loop pole

o Figure 1 ¢b)
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4, Givena closec];loop systex_fx.dqes';::lribedby ~thg‘dypamic eguatioqs, .

o 1 01 o

[}

' —2 —2K | K|

=l 0 O]x(t)

' (a) Determine the range.of & for which the system is stable.

x(t)-=1_ 0" 0 . x(t)+ 0 u(t)

r

R

(5%)

(b) The gain & is set to the value that results-in a marginally stable systen{. Find the
frequency, @, at which. the system w111 oscillate..
(c) If k—] ﬁnd the;steady-state value of y( t) fora umt-step mput

5
n
I

5. Consider the systém with the state diagram shiown in Fig. 2,

- (@) Write. the system state equatlons (5%)
ind t| erootso the system'c actenst:c equatlon
(b) Find th f th har:
(5%).

(c) Determine if the system is controllable.

(d) Determine if the system is observable.

6 Cons:der the sampled -data system shown in Flg 3:
@)"“-Fmd he output C(z) fora umt-step input.

(b ) F Fmd the system output,qx(')‘~ att=6sec. (5%)
(c) Fmd the system ouiput c(t) at 1=35 sec.

Y

%)~

(5%)

v

(5%)

-

(3%)

-

5%)

>

e

05

g

s+05

M

"(5%)
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1 (15%) X(t) is a statronary process with power spectral dens1ty SX(f )i Thls .
process passes through the system shown in Flgure 1. Answer the followmg

questrons ST ST Tne T o : . ;
(a)Is Y(t) statlonary? Why‘? o Sl el e

(b) What'is the power spectral densrty of Y({t)? . ‘
(c)What frequency components can not be present in the output process and
WHY? B R N -

. . ! ‘ - O L - :‘* “,',. B - '.".“;;, "_' .
. . é d () :
) o . _..'u . N . . - II-; 1 .t
X(t) - l: ! 4“‘ / . dt'_ v ( . “ - s '

.- -
- - ‘Figure 1
- -~ 3
[ .
. ot r L i +
" - I S 7 - a . )
, 1 v \

P > L "~

- -

2, (15%) An SSB sngnal is generated by modulatmg an 800-kI-Iz carrier by the signal
m(f) = cos?.OOOmf +2 sin20007z; The amplitude of the carrier is A,=100.

 (a) Determme the Hilbert transform of m@). . L= )
(b) Determme the, (tune domain) expressnon for the lower srdeband of the SSB -
signal. - ' . ' ) Y

B —

(c)Deterrmne the magmtude spectrum of the lower srdeband SSB srgna]

L

=

3. (20%) An angle modulated slgnal has the form "' . _ L o
~.._;u,:-‘-\ e \\i(il lOOoos[2:rrft+4sm20007rr] A Lot
S ' , S Coa . . o
o wherefc—IOMI-Iz _ - e L " S et T i -

(a) Determme the average transmitted power.- ,' Cs et e, - " )
(b) Détermine the peak-phasé deviation, "™ " . a0 < . ]
(©) Determme the peak-ﬁ'equency deviation. S ) -

: (C{)' Is this-an. FM or-PM:signal? Explain.- = ~ ~—= ... . Sy __ RS
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4. (a) (10%) Two networks with koo\x;n noise figures Fa=2.5-dB?Fb =5dB) and power
ga'ms (G,=10dB,, ‘=20dB) are to be cascaded; Find out.the minimal-overall noise
factor that you can aclueve C

' (b) (15%) Consider the front end of the receiver shown in Figure 2, The recewed

-.signal power at the input.to the first amplifier is -113 dBm, and‘ the r_ecqlved noise
power spectral déosigy is -175 dBm/Hz. The ba;idpaés filter has a bandwidth of
B=10MHz, and power gains and noise figures are as shown. Determiné the

-

signal-to-noise ratio (in HB) at the input to the demodulator..

a e oo
T ! * "Gos=-5dB * | | " .
. Famsg | |
i Ampliig” —E‘"i !?:andpass:"' r
! o 1| filter -t
" —1 1" Goer=-1dB -
i . Local - E rilFBPF=2dB-"-' Fu=5dB . . i
! oscillator | | ° ! C o TN N
‘"---B}Ucki- ———————— =l te--es BlockTF ~--~--~—-- :
. ‘ . -
‘ . Figure 2 " ! *
N " _% i i

[ }ﬁ;l_{:—(l)'SMé’= !ij-'—'ﬂ . The sngnal poTN-er at the output can easily boobtamed by
NNPUREIRSE P o P . . -
* finding the overall poWer—gail_l\ (addftié”n‘of each stage) first and then'add withthe .~ =
input signal power. (You must be-careful in discerning dB and ‘dBm) a
(2) To find the noise pov\}er at the input to the demodulator, you may first find the *. ]
noise factors (F1, F2) of block T and block II respectively, then use F1 to T
compite the noise power densnt}r at-the input to block 11 as follows. )
- $..0=FRS, (GG,
Thus the noise power at thie i mput to the demodulator can be computed as follows

Pt = Sao” 28 GBPF Ga' Fy . T L

You have to be careful in using NOISE FIGURE formula.

i Noise Flgure—IOlog(N oise Factor)]

h]

- —_—
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5. (10%) Please graphmally ﬂlustrate the correspondmg baseband coding output waveform for
the following’ data stream. - ST

)
+ -
) : : s’ A . s : AR
Binary data: : 0+ 1 =1 0 1 0 :0 2
. . ' a0t : ' ' : : : :
Return-to-zero : : : : : ' : :
C - N ¥ s : : I : i P
. : : . : -, : : . :

. RO : : P : : : : :

« Manchester. - =i -4 b i b i b o
Differential ~ * 4. . P e b e
encoding . _f - i 0+ 0 % 8 e b

~"—,/_:\ . : D R o, : : '

. B T . T - s . .

Reference bit (previous bit)is 1 - e — :
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6. (15%) In your oplmon, compare the "following modulation schemes in"terms of power
eﬁiclency (such as error probability)"and bandwidth efficiency (such as power spectra),
respectlvely BPSK, QPSK, OQPSK, and MSK. .
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