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1. Solve the mrtlal value problem __ l— el T T e
@ Y -6+ =0, JO=Ly(©)=2. (10%)
L@ Y-y -2=e, p(0)=2,y(0)=2/3 " (15%) "
" 2. Using Laplace transforms to solve the followmg problem -
o i —y=t: y0=Ly (@) =1 (15%) .-
3. Findthe following convolutron , ) ‘
‘ u(t—r:)*cos(t) where u(f)=1. lf £20. ‘(16%) o
4. Find the Fourier transforms of the followmg functron -
. ..
f(x) {e* if x<0 ‘. - (15%) L Cemt1e N -
“if x>0 - :
5. Find the Fourier seriesof the following function: R T
'-f(x) x* , (= <x<1t) (15%) . C

" -

6. (a)Fmd the elgenvalues and the correspondmg ergenvectors of the matnx

o%) - L

- ———

-1 2
-3 4

(b) The elgenvectors are orthogonal '? Fmd a matrlx that dlagonahzes the matrix.

(10%) =

ot - e -

c
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(1) Find the general solution for the following diﬁ'erent;ie.l equation.

- = g “ e P T
-, - - = . T . - - a

e n e (Gzz—ﬁzy]a%+9:cy-—-2y2=_0

- - P

- - P -

(2)’ Find the genera.l solutlon for the folIowmg d1fferent1a.l equatlon

- -

- “ - - Y -
-~ 4 = “’ L

(3) Use the Laplacé transform to solve the followmg differential equat1on

- ; d;;p 2t(

dy
di

I3

- T _y .-
)74y.=6; y(0)=5(0)_.=_o_

(4) Fmd the invérse- Lapla.ce tra.nsform for the functlon- F(s) (32*1_::)

——

(5) Give the definition or concept for'tlie following terms. = -

(a) Linear dependence for the functlons, f1(t), fz(t), .- fn(t), where f,,(t) eR"”, (5%)

{b) Dlagona.hza.ble matrix, = |

- -
- - -

- w? w -

- —

(6) F inc}‘the Fourier. tra.n.sfonﬁ for the following function. .

- f (t) = te"*H (t), where H(t) is Heaviside function. -

= . - - -
R P -

- . -

(7) Find the inverse Four_ter transform  * 4 T e

T F(w) = et leos(2w + 8). ~

(8) Show that the eigenvalues of a unitary mq.tri'x have absolute value 1.

-

- ‘Tz 1 0] ) . o
(9) Le¢ A=({1 3 1|, find eA. . .
o 1-2f . - -

(10%)
(15%)

(15%)

" (10%)

-

(5%)
(10%)

(10%)

(10%)

(10%)
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(8%)F1nd the equatlon y a + bx of the least-squaxes ]1ne that best ﬁts the data pomts
(0 1y, (1,0), (2.2), (3 2) . ‘ . - )

- ¥ e, .t a™ .
- ~ - . . -

2. (8%)Prove that if v, ,'vz,- --,vr 'are“eigenvectofs that correspond fo distinctﬂeigemlma]—ues
: ;ti,j,z,---_,;ﬂ,,’of an nxnmatrix A then the set {t_’,,vz,_--- ,v, ) is lineaxly independent.

.. et - - - - - e L -
s - . - .

I -
- ~ a -

3. (a)(S%)Prove the. parallelogram law for vectors u and v-in R"

s + v|| +||u v|| = 2||u|| + 2||v|' Do not usé the Pythagorean theorem,

(Hint: use 1nnerproduct) L e e '-: : .

- v mw . T

(b)(10%)Use. Pythagorean theorem to prove the Best. Approxzmatton Theorem WhJCh is
< stated as follow: Let W bea subspace of RY, 'y be any vector inR", -and - ' bethe
orthogonal pro;ectlon of, y on to 74 detenmned by an orthogona] basis of . WV . Then
y' is the closest pomtm W to ¥, in the'sense that

-

_ e
forall v in W dlstmct from-'y'. - - . - - e
4, (8%)Prove that if. S {"1: }1s "an orthogonal set of nonzero vectors inR”, then S

- -
- - - -

is hnearly mdependent and hence is a basis for the subspace spanned by S.

.- AU PO 'f. - T - - R =
5. (8%)The‘s‘e_t:7‘-S-;—_ {';!l,lt_z,u:,}isax}ogthogonal basis for R},Vyhere s i

- 3] % .7 -1 o [-u2)

) o u!; 1 ,F u2=.2‘ , i, = -2
1 B 7/2

6 ] < ‘
Express the vector y =|1 | as @ linear combination of the vectors in S.
-8 '
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6.(15%) Suppose that two. d1ce are thrown and that the dice are distinguishable. An"
.. . outcome of this expéeriment is denoted by (m;n), where m and n are the faces of
the dice. Let 4 and B be the followmg events of this experunent
A= {m+n= ll}, - .- - Co

- a - -

< Bsfres) T L TTLT T AT e
(a)F ind the probabxllty of occurrence of the event.A P[A] [4%]
- (b) Find the probablhty of occurfence. of the. event B, P[B] [4%]
" (c) Show-that P[A Bl# p(AB(BY. |7%] =~ . °
‘where P[4, B] is the joint pgobablhty of events Aﬂan.d B.

- L3
-

7(15%)Acom w1th P[head] =py P[tarl]—-q, ptgq= 115 tossed nt1mes
- T - -If n—>uovp—>0 np—»a(af'mtevalueoftheorderofl), , - . <] -7

.~ =" showthat "’ R e SLoLat

-~ r ‘ k .
P[I\_: heads in n tossings] = ‘;‘—l'e"’ . .

- = 3 - - - — = —
- =

y 8 (20%) A dev1ce is.put into service at fime zero, and then we follow it untll it fails.

T is the random vanable we use for the time of fallure We assume that the failure
of electrical components is modeled by the expotfiential random variable with the
pdf f(r) Ae~¥ where 1 is called arate parameéter because it has the units of

i o =

‘inverse time. nE . -
(a) Rellablllty R is deﬁned as the probablhty that a dev1ce will fail after time ¢.
Show that R(=e™. [7%] - .
. (b) Show that the mean time to fallure (MTTF) is given as -
A w MITE=ET]=1/A.[1%] - . =~ - ~ 2
(c) Show that the probability thata device will prowde at least MTTK of use

before it: falls is e (—0 368). [6%]

-

W,
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n ' w
V.- .= " - o= -
- o - - - =
. A s . ;
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1. For the amplifier circuit.in Fig. 1, assume that "V, has a zero dc componentand .
_ the BJTshave #=100.Find V,/V, and: R,.(25%). - ~"
2. For the circuit.in F1g 2 in which the trans:stors have ¥y =0. 7V and ﬂ 100,
ﬁnd i, /v,, énd R, . (25%)

3. The NMOS transistors in the cucult of Flg 3 have V,=2 V ,unCOX =20 pA/V?E,

L3

A= 0 and L L = 10 pm., . Find the requued values of gate width for each of |
0, and Qz, ‘and the value of R, to obtam the voltages and current values
indicated. (25%) -. 7 -
4, The amplifier i F1g 4 is biased to operate at Ip= lmA and g, =1 mAfV
Neglectmg ; find the midband gain. , Fmd the value of C, that places the
. corresponding pole at-10 Hz- - What is 'the frequency of the transfer-fimction ~
ZETO mtroduced by C7- lee an expression for the gain' functlon V. (s)/ V.(s).

: What is the galn of the amphﬁer at dc (25%) 2

Tee e orame L e e e o mmme—ren
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§)) (25% ) A 31gnal x(t) of finite energy, s apphed to.a system with output

yt)=x 2(t) . The spectrum of the x(t) is hmlted tG the frequency interval
WS f < +W.-Show that the spectrum of y(f) is llrmted to —2W< f < +2W
Hint: Express y(t) as x(t) mulnphed by 1tself .

(2) (25%) leen a 51gna1 x(t) = cos(cz)0 t) whlch 1S sampled by an nnpulse tra:m p(t) at
@, = Zn'/T 600; where T-is the time 1nterval between sampling unpulses
An 1dea1 lowpass ﬁlter H(] @ ) w1th gain T and cut-otf frequency @,= 300
(include 300) is used in the reconstniction process. -
What is the reconstructed 51gnal x, () at the followmg a)o 7.

- - -
A - - .

=t s

(2) a)o 200 (b) w,= =400~ R = - P

4.

Explain your answer usmg samplmg theorem aud Fourier transform X (_| @ )7

apei < e
Acompandmg system is shown below L .
‘ '('_I‘rai_lsnﬁttihé en'd). . - . . _(Receivingend) -
x |Compress fu: | y ~_|-Uniform | - 7] . |. Linear | 7 |Expander[% .
‘ Fx). - - . - QuaHUZer, § _ detector - | Fo(x) -

- -L_"_ -

5% (A) Fmd the mean square error(MSE) for the umform quantlzer assume that
the step size isA . o . - .
10% (B) - Describe why that the MSE ofthe above system ca.n be approxm]ated as

- PR arm M - - -

T AP dxj T

1 TR _”j{_, R

Pl

where p(x) is the probablllty density functlon of the 51gnal X )
10%(C) Now suppose we use 4 bit uniform quantlzer and p(x) is g1ven as the

following figure. - _ . o
- .

-1-'—-_+ X

-
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(4_ 15%«-— oo -; woa memtrmos e wmemve e - OO S
- - The' scheme shown® in. the followwg ﬁgure may be viewed as a drﬁ‘erentral

- encoder (consisting of the-modulo-2 adder and the 1-umt delay element) cofnected i in

LA

. cascade with a: spectal form of correlatwe coder’ (consisting of the 1-unit delay .

T 'element and™ summer). ‘A, smgle delay element is shown in this figure since it is

cOmmon to both. the differential encoder and the correlatlve coder. In this differential
- encoder a transition is represented by symbol 0 and no transmon by symbol 1.

b ;- - T " o
- B £ - ) .
- a s - N T - -

M{)duio—z N T -

1
1
M
+i

ST T adder m 0 <7 - o A N
Blnary sequence - i e
of 1sand Bs ™ - » @ S
- - :‘ r-‘ _h- - -
- . . Delay
= Tb.
- - b - -

5% (A) Firrd the frequeney;responsei and the impulse r_é_spense of the eorrelhtive‘cod_er _

"

- . . . P . -
-

" pirt of the scheme showi‘in the ﬁgure -' . S
. 5% (B) Show that this scheiie may be. used to covert the on—off representatlon ofa
blnary sequence (applied to the' mput) into the blpolar representatron of the
-. §equence at the output. You may 111ustrate thle conversmn by con51der1ng the’
* . sequence 010001101.. Tt i . T -
5% (C) Considera random bmary wave x(t) in which the" Is and Os occur with- -equal
. . probability, the symbols in:adjacent time slots-are: statls‘ucally ihdepéndent,
and syrnbol 1 is represented by A-volts and symbol 0 by zero volts. This on-
“off binary wave 1s applied to'the. circuit in the figure. Show. the ; power spectral
densrty of the brpolar wave y(t) appearmg at the output of the circuit equa.ls

- -
- -

T Sy(ﬂ TtA Sin wmsmc (m’T,,) o

———

- v - . § N N
- - - >l . i

(5)10% PR A
5% (A) Please descnbe the advantages of usmg the GMSK modulatlon scheme
5% (B) Draw a simple GMSK modulator and demodulator. .- - AR

. -

-t -
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01.'Explai_‘n ﬂle-t‘ollov}i;g tcr‘ms‘tiriqﬂy;" T ““.:l o

+ (a) Hypercube. (3%) ' - =
- -(b) Faulf Tolerance (3%) T _
(c) RAID (3%) - — co

.‘_ . - - -
- L. -

02 Suppose that a certam magneuc hard d1sk drive has. the followmg spectﬁcauons

" Number of disks (recotding surfaces). ~ "7 ‘—',1 14027 - : -
. Number of tracks pér.recording surface™- " - u I L4925 - ) T
‘Number of sectors on’ vall recording surfaces - - A 111375ﬂ5',6-i’4 T L
~ Storage capacity (formatted) of d15k dnvc - i ) _- 909 GB: ) |
Disk-rotation speed A - B - - -5400 rev/mm el
‘Average séek time <7 w e T 2T < - " 11.5° ms - '

)

.Intemal.dat_a~transfer'i'at‘é';_‘f- ; o _ ; ; " 4% to 65 MB/s -
(a) What is thé block'size? 4%) =~ . . n. .
(b) What is the average rotational futend}? (4%) . |
(c) What.is the ziyerag’eqblo*ck'acci‘:ss time? (4%) Co -

- - - -

"' 03. Design a counter With the following repeated biuary setluencet 0,1,3,7,6,4.Use
T flip-flops. rTreat the unused states as don't-care’ conditions. Ahalyze the final
circuit to ensure that 1t 1s self-correctmg If your design produces a nonself-
correctmg counter, you must modify the circuit to make it self-correctmg (12%)

04. (a) How many 128 X8 RAM chips are requtred to support a memory capac1ty of '
2048 bytes? 2%) -
(b) How many lines of the.address must be used. to accéss 2048 bytes‘7 How many
of these lines are connected to the address inputs of all chips? (4%)
(c) How many | lines must be decoded for the chip select inputs? Specify the size of :
the decoder: (4%) - " ) T
0s. Demgn a. parallel pnonty interrupt. hardware for a. system with four interrupt
sources. (7%)

L
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06. The followmg bmary word W=10001011 is stored in an 8- b1t reglster -What is :

the decimal iumber represented by Wif it is mterpreted as an integer in each of

the following codes: (15%) - . . K
(a) Unsrgned bmary Lo S i _

(b) Signed binary (two scomplement) AR s T '
(c) Slgn-magmtude - T T L ‘

07 Analyze the three bus—arbltratmn methods (dalsy chammg, polling, and
mdependent requestmg) with respect to. commumcatmn reliability in the event of

hardware failures. (15%) ' L .
- 08. Deﬁne'“ each of ‘theri followihg JLo; _eoﬁntrolj.methqods: r)ro-granuned_ 10, DMA -

controllers,” IOPs (input-output 'processor).  List -the hadvantages" and

- disadvantages of .each method with respect to p‘rdgram—desiga* cbmpl'e::rity,- I0

bandwidth, and mterface hardware costs (20%) o . -
o - - " - o h e - % =
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(s+1)(s +5)
'u(r) 10sm(2r+45)ﬁ4ﬁ%i€$§‘tﬂ*ﬂﬁﬁ J _'_~ R (20%)

.*—S +6.s:-i"-"3

214%ﬁmﬁﬁéﬁﬁmu—ﬁmfﬂuﬂsiﬁ%ﬁmﬁ%ﬁﬁﬁﬁﬁm--
RS BRERRIA . . T T ‘

(a) HRHETTIH (controuable) e T o)

(b) Hﬁﬁﬁiﬁw (observable) _._ _i ,:-' - (10%)

(<) ;{jtﬁ;é‘j@%lj E_‘Iﬁzﬁlj (controllable and observable) *ﬁxﬁagyjﬁtgg@ R
ﬁ@%ﬁﬁﬁﬁb SR . (0%) -

3. B (— )Fﬁ‘l‘ ES@?E"J%% Eﬁﬁ“l‘—’flgﬂf( ﬁE ﬁ%@ﬁkﬁﬂﬂﬁiﬁﬁﬁi
.(urut ramp functlon) B(t)= (t>0) Hi? Fﬁ:@ﬁﬁ%ﬁﬁﬁﬁﬁgﬁﬁ

| (steady—state error) € (no) 0.1 E{BEJT’:, Ets. (dampmg rauo) (; 0.5 (20%)

= :Q > KT -
LB (=)
5 4'%§Et:)%@§%ﬁ%ﬁ’ﬁ¢
T - ‘_ -G _ -‘”‘ “_:r ’ .
(s)=— - - -
- (F2)(s* +25+2) '

Ly -
R e SR
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(a) EFIFEE R (Nyquist criterion) PEERMBEN K HRE:  (10%)
(b) ALARENT - #ELE (Routh-Hurwitz) SUBEGYNEPRZR-  (10%)

©(c) BK =6 RAFAERBSEE (gain margin) - : < (10%)
fQ(S) + .~ X EG(s)' R 5) !
B (=) d |

p————— . e



