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PNk MR (complex power) (9%)
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Bl
.- 1

2 -y, ~y;=0
=4t+2
}’5+J’3=t2+2

-

|t —= i —w<t<(
—t+— " if-; O<t<r
wd  r(t+27)=r(t)

(8) Tind the complex-Fourier. scm.s of r(t):
() Find tho stendy=state solution y(t Yo

§, The Fourier transform of & function f* is defined by

F(jw)':j:u_f(t)e"j“"dt USSR
Find the Fourier transforms of the following fimctioms.

(a) f(‘.):'{te_‘ lf t>0

0 it t<0
g ® fo=e (a>0)
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(10%) ]

. (15%)

(15%)

(10%)

-

(5%)
(8%)

(5%)

(7%)‘
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Find an orthonormal basis for the column space of 4.
) Find 1 basis for the orthogonal complement of column space of 4.
) Fird the orthogonal projection of the vector

)
-1 o R ‘ -
| 1
0 |
’- l &
-4
L.2._. P

onthe column space of 4 which is a subspace of R*.

- e V '

B= |
—4 4‘_ , N

Defire linear operator on the space M,,,(R) by T(A4)=-BA.
findonullity of 7' and a basis for the range space of 7.
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(24%) Givenmatrix 4={"1 3 -1| witheigenvalues A=35,1.
1! ) -1 =2 2. . 7 L .
(a) For the eigenvalues, find the corresponding eigenvectors. )
(b) Diagonalize matrix 4.
(c) Find 4%°,
(a) Find an othornorimal basis of the stibspace spanned by the vectors below -
[ 2 4
N 1 T
- L 1 -] 2 . - -
~ _ 3 '” - 3
1 =] (.3
; -1 2 .
; (b)Let 4= i 3 and b= , find a least-squares solution of A x = b,
&8 .
wi;l‘.', . 2 5 ___-m.; s 2 : -
?'i and compute the associated least-squares etror.

£~ 3(14%)

(a) (5%) Find a bpdnnmg set Jor tlu, null apau. ol the malm below. .

Lo e, - . - -

(b) (5%) Let V'and W be vector spaces and let T:V — W be a linear
transformation. Given a subspace U of ¥, let T(U) denote thie set of all images
of the form T(x), where x is in U. Show thdt 7(U) is a subspace of W.

() (4%) If Aisa 6 x 8 matrix, what is the smallcst D()bSIbIL dimension of
Nul A7 .
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4.(15%) If a random variable X is.continuous, Lhe‘mcan gquaré is given by the éxpcclation
BIX=Laeptodx - - s -
Forany k > 0,:show that prob{|{X| 2k} < L[X3|/k?

.- . - - - =

5(15%) For the Poisson:arrival process, let ti be the' time of the ith arrival and suppose
that Y time units have elapsed before the arrival of the next customer, as shown
in Fig, 1. The probability that the next customer will -arrive within f units of time
isgivenby . - - |

P[R <1 |X2Y ]," where R =X - Y'reépresents the remaining time-until the next

T

arrival. Showthat P[R <1 | X2Y ] is independent of Y. )
(Hint: For thie Poisson process = .
Fx(=1-6™ , x20% 7

fx(x) = F'x(x) =ae™, x20

where A represents the average arrival rate of customers)

T ) X -
N oo it RN
e -1 o time axis
' ti —_— A I.l+1",v
- ith (i+1)th
arrival s arrival
* v < .~ .- Fig.
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6.(20%) Let f{x) be‘a probability density function bouiidéd by M and have a finite range,

§ say ‘f< x < b, as shown in Fig. 2. Let us generale pairs of random decimal

:;?: numbers (R{ Ez)tbetween Oand L. Then | .
%‘ e X1 =a+(b- a)Rl SR TUT T

;;; is a random number in [a, b]. Whenever we encounter a pair (R1, R2) that

)

%"r" _su}lsl' es lhe 1clauonslnp o

?{\ M-—RZSJ(X]),-: T A R

}fé we accept X1 and rejeet ol hu wnc. The plobabrhly.densrly function of accepted
I? X1's will tlieii be” f(x)‘* I

%& Let the number of lnals before a successful parr is found is a random varrable n,

v-_;:;&.%‘_

.(a) ﬁnd the probablhly d1strrbuuon of n (denoled by p[n])

i
u- -, s .
i . (b) ﬁnd the mean value of (denoted by E[n]) LT
i
&
L _ (Hint: Try to find the acceptance ratio for one trial.)
il 4 ' . A
P = ¢
up oL MeR2, = .
i ‘ )
!' M e Ry AL e
.u»_. " P -
) " < .
. | LT o)
'; C(R2=1) Mle o i+ o s . .
X -
RS PRI : accept
Ul [ Py AU P, v
| 0 0 - ° P
W a, s -~ o\ .o Srejects .
Ryt N i " -
By T g 1
i




wl a3 x

| B Btk AF SR g - DO EMCRIBREI
L NIRRT RARA I T TR

1. 1f a balanced three-phase luad is connected to a balanced ﬂuee—phase source, Show that the

f mstautaneous power dehvered to the load is constant. (5%)

2. In Fig.1 with the following notation

Vi=|Vi|eP, V2 =|ValeP,0,, 20,0, , .
=0,1£85°, ’

assume that |Vy| = 1.05, |V2| =095, Z,, ) .
Find (a) Piaqwx, - : L " - ¥
(b) 04z at wluch we gct Pum - '
() =P21max-

(4) 612 at which we get —Pa21max.
(e) Active power loss in the line when 6,3 = 10" (10%)

Th T L
Sha Zimo " gy ‘ S )
I"lgl_ -

3. luFig.2, assume that V| = 14’0" Zl.,,° =0, 01+jO L, Spi=8pm=05+/0.5
Pick @z su that'|Va| = 1. In this case what are Qg2 , bg. , and £V2 7 (10%)

-t

S(Jl - _L jQG‘.‘! . .
o N 4 B
Ziine
Sot Sp2 .
Fig.2 : ) ‘ o .

.th 4. Given a 138 kV ﬂuee-phase line wnh series unpedauce z=0.17 +_]0 79 /i and shunt
+ admittance y =j5.4 x 10~6 mho/mi, find the characteristic impedance Z., the propagation
constaut y, the attenuation constant &, aud the phase constant . (5%)

w5, Givenn trausmission line described by .
' Vi = VgGDSh'Y['I'Z [gsmlwl e
{ L= Igcoshyl+-—smlwl - ) . T
. we perform two tests and obtam the fullowmg results, ' (
| l;ﬁ 1. Open-circuit test (Ig— 0): Z,c = —- = 800.4—89°
2. Short-circuit test (F2=0): Z,. = 71- =200£77°
BE [+ Find the characteristic impedance Z, and find y/. (10%)
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6, Consider'a system wﬂh the one-lme dmgmm shown in Fig.3. The 3¢ and line-fine ratings

are given below. * S LT T
-Generator ; 30MVA 138kV X, = 010pu . T
"Motor ; ZOMVA 13, BkV X,=008pu” =~ v

. T, 1.20 MVA, 13, 2-132 kV, X =010 pa. - . ’

T,: 15 MVA, 138-13, 8kV X =0.12 pu.
! - Lme 2074100 © (actual)- i
' (a) Draw an meedance diagram for the system Pick the generator mtmgs for the bases in
v;,. ‘ the generator sectton ’ <t N s ;
; (b) Using the impedance 'dmgmm_iu part (a), assume that the metog voltage is 13.2 kV
| when the motor draws 15 MW at a power factor of 0.85 lagging. Fiud the following
F; quantities in per unit: motor” current, tmnsmissidh—line current, generator current, _
{ geueralor terminal voltage seudmg—cnd transmnssnon—lme voltage and complex power -
"‘1 supplled by generator o e et
b .7 ;
e (c) Convert the per unit quantmes found in part (b) into actual units (Le . amperes, volts,

andvolt-amperes) (15%) e -

: .
Ty - S . L me e

: % @ Molor
a

" -Geunerator O_é
: a

-

<Tr
'<LQ_L!J

ﬁ llig.3 -_- B

7. In Fig 4, all the transmlssmn hnks are the same and each is modeled by the II- equtvaleut

circait shown; the element values are nnpedances Find the bus aclmtttmnee matrix Y,,,
“" (5%) . LT :
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¥~ 8. Weare giveii'the system shown in Flg 5°and the following éqﬁatiohg'foi" bus powers:

S1 =j19.98V|* - j10V1 73 —ij,V; . . '
Sg-—jIOVQV.+J].998|V2| "leVg '
Sy= 10V Kt ~j10Va V3 +519. 98|V,|’ L ] S

Do one. step of Gauss-Seldel iteration to find V1 and, V, Start w1th V3=V =1£0° (10%)

-

4

.r‘1_+ {9.5- .

Pl sy, 0

Fig!;i‘ B
I Lo, . . A 'y

ooy - - F 2

BN FTT AT GE 7 e ek e *
i »

“
r - -

=78
q w.

. Two generating units supply 8 system. )
: Incremental costs; 1Cy'=0. 012Pg; +8.0- dollaryMWh
i ICy = 0:018Pc; +7.0 dollar/MWh )
28 ~* Generaior limits: 100 MW $Pgy'S 650 MW .- -
o S50MW <SP <500MW - - '
=’>.» v (a) Fmd the system- ?\- for optimal operauon when’ PGl +Pg —PD 600 MW Find Pg
" and Pm

~(b) Suppose that Pp mcreases by l MW (to 601 MW). Fmd the extra cost in dollars/hr,
(10% ~

: 10, Consuler the system shown in F1g6 given that

Incremental costs; IC; = 0,007Pg, +4.1 dollats’MWh
., IC2=0007Pg +4.1 dollarsyMWh

e - —L'oss coefficients: - Byy = 0,1 x 10 MW -
N B2 = Baf =-0.005x 10-2 MW
~ T By =013 %1077 MW -

() Find the optiual dispatch Pc,-l nmle in MW,
(b) Suppose that with optimal dispatch, Pp = Py +Ppy +Pp; is increased by 1 MW. I‘ ind
the additional cost per hour. (20%) v i

Fig6 - jooMw & - : . .
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1.(a) For the circuit in'Fig, 1, find I,,; and I, in terms of [pzr. Assume all
- transistors to be matched with current gain f. (10 %) !
(b) Use this idea to design a circuit that generates currents of 1, 2, and
4 mA using a reférence current source of 7 mA. What are the actual
values of the current generated for =40, (10%) .. .

2, The JFET in the amplifier circuit in Fig. 2 has ¥, =-4 V and I, = 12
mA, and I, = 12 mA, the oulput resistance r, =25 kQ. :
(a)-Determine the dc bias quantities Vg, I, Vg, and V. (10 %)

(b) Dctermine the value of g, (you can usc the same formula as for the
enhancement MOSFET). Also determine'r,. (10 %)
(c) Find the overall voltage v /v, (10 %)

3. For the circuit in Fig, 3, let R, = R, = R, =10kQ, and assume that the op
amps to be jdeal except for output saturation at +12V. When
conducting a current of 1 mA each'diode exhibits a voltage.drop of 0.7
V, and this voltage changes by 0.1 V per decade of current change.
Find the values of v , v; and v, corresponding to v, =0.1 V. (20 %)

4, For the circuit in Fig, 4, if R =10kQ, find the values of ¢ and Rf.to
obtam sinusoidal oscillation at 10 kHz. (20%) -
—, T
5. Iind the logic {unction implemented by the circuit shown in Fig. 5. (10 .
%)
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. 1 Exfncxs ihé wuvelorm in Fig, 1 in Fourier scries. (10%) .l-‘” . :,: - - %=§|
"2, The cireuit in Fig, 2 has AVO=300V C=10uF, L=40pl1. If the switch is ctosed al't=0,
o dclcrmmc (a) Tlic peak curreit ilifough tié dlodc (b) the condunllon life of*lic diode. .
(10%) : LT :11‘1:_ L .‘ ‘- ol . . Foe o .'. *'—’¥ '. “"; ’n
(T L I S e e - O .

—aw -~ * — o x

3, A three- phase bnd ge rectifier supplies a hnghly mducuve load such lhal the avemge load

. _ current is Ige=45A and the npple cintent is negli glble. Dclermme the ratmgs ol the
) dlodes ﬂ' lhe‘lme-to nelural vollage of the wye—connecled supply is 120V al 60Hz.. ‘
(Hmls uvcm;_,c current, s currcnl pcakmvcrbe vulla;,c) (15%) - ' '
'{E'.. * ’.-'f L . “h ‘.r . - .-Ql . = . “h-r . '

4, The single- plmsc ac Volldbc LOII(IO"CI in'Fig, 3 has aresitive load Bl R=10Q .md the
inpul vullugc is" Vs—l"OV 60[12.. ‘The dcluy ungle ol' thynblms is u,-sd3 Uclcunmc
VU(HHS oulput vp|fa;,c) PI' (mpul pOWCI factor), Ip(rms cuncnlol T 1), Iaavesage

“curreiit of Ty). (15%) Tl e
1 ‘ J
1 )
o b _ - -
) i t e .
o *-'I‘. = - - - -

x - "
-
"—"-r—.._‘ ’l -~ - I} 1 %
Ty - 1 i
- — - - - ~ i v "o 3 .
. . i
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5, Figure 4 shows. tl\e reverse recovery characleristics of junction dmde if tr=3us and

di/dt=20A/us. Determme the (a) storage charge Qrr(5%) (b) Inr (5%) (If #5 is negligible as
* compared to £,.)

6. Two MOSFETS which are connected in parallel similar to Fig. 5 carry a total current of
1r=20A. 'The draiu-to-source voltage of switch Si is ¥,5=2.5V and that of switch 82 i3 V=
3V, Determine the drain current of each switch and diflesence in current sharing if the current
sharing resistances are (n) Ra1=0,2( and R_32=0.§n.(8%) (b) Rsi=Rs2=0,6.(7%)

a

7. Abont the pulse-width modulatlou schiee of tlle iliverter( as shown in Figure 6) :

The amphtude modulation ratio m.is defined as m, = L2224 where V,,,,,,,, penk amplitude of the
v Vm .

control sngnal V,,, amplitude of the trlaugular The frequency modulation 1at10 my 1s defined
as mp=L #» where 5! the switching frequency of the triaugular, fl:the fiequency of the ¥.omor.

(2) What is the relation between f1 and the frequency of the inverter output?(5%) (b)Give the
relation of the ﬁmdamental—ﬁequency component (v0)1and the input Vd ( for m, < 1), (10%)

u “;l VS. ma (10%)

(c) Draw the diagram of
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1. A linear translational system is shown in Figure 1, (15%)
(a) Write the dynamica.lrequa.tion (5%)
(b) Draw the state diagramn. (5%) oy
(c) Find the transler function {from the state diagram, (5%)

i
|
e

p_]_t,_— M }»I(r) Figure 1 -

2. Given a dynamical system as {ollows: (15%)

-2 190 1 ) *
i(t) = [ 0-2 O]x(t)-l- [l]u(t), y() =L 3 1]x(t) .
0 00 0 -

(a) Is the zero state asymptotically stable 7 Why 7 (6%)
(b) Is the zero~state B1IBO stable 7 Why 7(5%)
(¢) Ibothe aystem total stable 7 Why 7(5%) .

L

3. (a) Give the concept of gain margin and.phase u.lé.rgin. (10%)
(b) Given the unity feedback system with M(s) = 10k/[(s-+2)(e-+4)(s-+0)] aud the
Bode diagram in Figure 2, determine the stable region. (5%) . ‘
(c) Ask =10, find the gain margin, (5%)

0
=20 T ~20 dB/dec ﬁ \Q\P
= -4 -40 dB/dec I~
2 ) |1l 3
Q=80 : ) -60 dB/dee :EIL .
-100 -~ —
=120
0.01 0.1 1 10 108
. Fiequenicy (rad/s) )
0 B - :
s APl
- _45%;‘: 7 NI
E ~-90 — y \\
D ~90°/dec N N
3 -135 \ . \\\
b1
2 180 -135"/dec Sl .
£ Sy N =90'/dec
-225 i _ ‘*-J\é\ ~45° e
-270 l Figure 2
0.01 0.1 l . 10 100 )
- Frequency (rad/s)
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4, The block diagram of.a unity-feedback controlsystcm ts shown in Figure 3, (20%)
(0) When k=1, determine the maximum time delay l' m sccands lor thu leul luup
system to be stable, (10%) -~ PR
(b) When the time delay~7; = 03 sc.c find the maximum valuc of klor systenr” -

stability. (10%) j _ e
O N ] =
: - | s(s+1) y ‘ :

- Figure3 )

5. A regulator system has the mput-output transfer function )
Y(s)._ 20 . L -
Uls)  (s+D(s+2)(s+3)
Define state variables:as R
R O L0 ,
L lEe=R0T . L
R b O DI SN
and state vector X(f) =[x,() x,(t) x, (r)]". By use of the state feedback control
u=-KX(1), where K=[k, k, k], itis desired to place the closed-loop poles at
s=-2:+ j4, s=-10. | '
(a) Write the state equations of the system. (5%)
(b) Determine the state feedback gain matrix X, (10%)

6. Figure 4 shows the block diagram of a unity-feedback control system with a'series
conlroller G,(s): The transfer function.of the controlled processor is
T " 400 -
G {s) =
() s(s* +30s +200)
The frequency response of this function is given in Table 1. Design a phase-lead
controller with the transfer function ¥

G (S) K 1+als

>1, K, >0

so that the followmg specnﬁcanons are satlsﬁed (15%)
® velocity error constant, K, =10 sec™

® phase margin, PM>42 " |

R(s) + ‘ C(s)

wﬁ)—* G,(s) Gp(s)

Figure 4

h 4




t

(]

s _5‘1:(;@3.1[ f |

i R s D A WSS I o
‘ B s & ;H; ,—};_ ,fﬁ]— : el m.&&ﬂ;ﬂiiﬂwrﬁfﬁ L
M- I*E*}‘fl‘lﬂlﬂfﬁ"ﬂﬂ'f-.l:m/\”}‘%fbtmUJ_l CBHE BT Sy
- | o i
: -
[ - - ~ H ,‘_.- ‘,‘-‘:., .- — - _
¥ ’ Table 1, Frequency Response for G,(s) ”
] ‘ w(rad/sec) |G, (_]m)l(dB) £G;(jo)(deg)| w(rad/sec) |G, (jw)|(dB) £G,(jw)(deg) | ~ f &
‘”-"’ 0.1000 26,0201 -90.8594 |°  9.2000  -16.7520 -157.3165 \
i 02565 ..17:8353 - - -92.2041 . 9.6690  -17.4658 , -159.8373 {
i; £ 04806 . 12,3724 .--94,128] 102400, .-183110 .  -162.7918
;&,if%f» 0,6579 . 9.6339 .- -95:6481 11.2300°  *-19,7204 -167.6300 |
A 09006  ."6.8861  -97.7245 123000 211725 -172.4801 i
-f?‘;' 1.2328 41208 >- -100.5552~ . | ,:13:1034 . . -222190 ¢ , -175,8822 )
;g 19540  ~-0,0019 -106.6364 14,1400  -23,5192 -179.9918 }
n‘h N - k
i 23101 - - -1,5354 - -109,5965 151991 24,7940 ~183,8909 a
“ﬁ 3,1623 -4,5006 -116.5335 20.8057  -30.7945 -200.4605 L
o 43288 -7.6515 -125.6195 284804  -37.4775 . -215.5749
s, .
| &3 59255  -11.1062 -137.1521 38.9860 . -44.7047 ~228.4556
5 * - -
|3 74940  -13.9799  ~-147.3889 53,3670  -52.3158 -238.8427 :
_. 8.1113  -15.0182 -151.1223 73.0527  -60.1715 _ .-246.8944
EI‘f . - -4 1 . :
| i ]
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Note: There are six problems in the test, You may find the following identities useful:

-

i - © sin(ezy) =sinxcosyEcosxsiny
g o " “cos(xty)=cosxcosy+sinxsiny

‘ \" a7 ’ ’ o -: LA :. .- .
"_ ‘ 1L (20%) Consider a flat-topped PAM wave produced by the modulating - signal

' 1:‘ ni(t) = A p cos(21ifmt) assuming a modulaling frequency fn =0.25 Hz, sampling period
.1 Ty =1 s, and pulse duration T=0.45 s, . )
A8 ’ . ) -
;i. © (a) (5%) Assume the modulating signal is sampled at t=...,-1,0,1,... s Sketch the
.v! % modulated signal,

(b) (15%) Find t,hcFpuriertr_a,nsfom\-'oﬁthe.l’AM wave, . I

- P

E x * - .

2, (15%) Counsider the SSB-SC sigual = =~ 7 - _

v(t) L[s1n(2nj;t) cos(21|:f t+6,) cos(21rfct) sm(21tf,t+6;), )

» -

where f, is the carrier frgqueﬁcy. Assume f;<<f.,fori=1,...,N. . ’

(b) (6%) Obtain the expression for the DSB-SC signal. .
(c) (6%) What is the original néssage sigual? ‘

© mem

- —

and fn <<fe.

‘-‘\.-:

() (5%) Find the approximate bandwidth of v(¢).
: (b) (5%) Let w(f) be applied as the input to a device whose output is vz(t)+v(t)+l
Determine’ the expression forthe oulput of the device.

l
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4, (15%) A zero-mean Gaussian white noise that has the spectral density N,/2 W/Hz is passed
£ through an ideal lowpass filter with transfer fimetion H(f) =1, for |1l < B.

;
1’ (2) (5%) Find the autocorrelatlon functmn of the output. P
-_ (b) (5%) Wirite the probablhl.y density function (pdf) of the output at time 7, , where #, is ‘
? f‘ arbitrary, . } -
; 1; (c) (5%) Write the ]omt pdf for the output at times t aud 5Lt 1/(2B) . -

i "

'

;!

5. (15%) A binary wave. uses, on-oll signaling to transuiit symbols 1 and’ 0; symbol 1 is
represeuted by a rectangular pulse of amplitude A and dusation 7,, The additive white

£} LA
S T e =
w7 -

Gaussian noise' (AWGN) at the receiver input has zero. mcan and power spectral
density No/2. Assuming that symbols 1 and 0 ocgur with equal probability. '

 (a) (7%) Determme and sketch the opt1mal receiver structure
g

(b) (8%) Find an expression for the average pmbabihty of error at the receiver- output,

&)
g .x 6. (20%) Consider n (7 4) cyclic codo Assume that (1 101000) is nlecady known to be one of

the codewords. -~ - - - -

1
;n._ 1
.

(2) (7%) Find 9]1 of the codewords of this code.
" (b) (6%) Dete_rmine ‘the. minimfifi distance and error correcting capability of this code,
(9){7%) I£(1011010) is received at thé receiver, determiue the decoder output.



