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1. Consider the autonomous differential equation y" = (2/m)y — siny. Which of the following is
INCORRECT?
(A) There are three critical points.
(B) One of critical point is semi-stable.
(C) Two of critical points are unstable.
(D) One of the critical points is 0.

2. Ify = e3**cosx is the solution to %}32! - 6% + ky = 0, what is the value of k?
(A)3 (B)-2 (©) 10 (D) 8

3. The differential equation e"Z—z + 3y = x?y is linear and separable.
(A) True (B) False

4. The improved Euler’s method is what type of Runge-Kutta method?
(A) First order (B) Second order (C) Third order (D) Fourth order

5. Consider y(x) is the solution to the initial-value problem x2y"” — 2xy"' + 2y = 0 where x > 0,
y(1) = 4, and y'(1) = 9, use Euler’s method to compute y(1.2). Given h = 0.1, which of the
following is correct?

(A) The general solution is y = C;x — C,x2, where C; + C, = 6.
(B) The general solution is y = C;x + C,x2, where C; + C, = 6.
(C) y(1.2) =5.9.

D) y(1.2) = 6.

6.  Given the three vectors (1, 0, 3, 1), (0, 1, -6, -1) and (0, 2, 1, 0) in R*, they are linearly dependent.
(A) True (B) False

7. Provided the system below, the rank is
Xy — X3 +2X,+ X5 + 6Xg = —3
Xo+2X3+3X,+2Xs+4X, =1
Xy —4X, +3X3+ X, +2X, =0
(A)1 (B) 2 (©)3 (D)4

8. Which one of the following is correct regarding Fourier series?
(A) e ¥l is odd function.
(B) /" must be continuous on the interval [a, b] to ensure that the Fourier series of f on
[a, b] converges to f.
(C) f(x) = |x| is continuous on [—, 7].
(D) The Fourier series of f(x) = x? + 1, where 0 < x < 3, convergesto 0 at x = 0.
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Expand f(x) = 2x> —1,—1 < x < 1 in a Fourier series and yield f(x) = A + X C. Which of

the following is correct?
(A)A=-2/3 (B) B =4 (C)C = (—1D)"cosnmx (D) None of the above

If v, (x) = x is one of the solutions of the following differential equation, what is the other linear

independent solution y,(x)?
2%

y”_lszyr+1+x2y
Wy =222+1 B)r®="2 Orn®=:-1 Ok =x*-1

=0

Use the Laplace transform to solve the following initial-value problem. If the solution is y = A +
Be~t 4 Ce3t + De*t, which of the following is true?

y" —4y' =6e* —3e7t, y(0) =1, y'(0)=-1
(AA+B+C+D=1.
(B} B'=~2
(C)A+B+D=2
(D) All of the above

The Laplace transform of a function £ is denoted by L{f}. If L{f(t)} = F(s) and L{g(t)} = G(s),

then L™HF(s)G(s)} = f () g(0).
(A) True (B) False

. 3, if0<t<?2
If L{f (t)} represents the Laplace transform of a function f(t). Let f(t) = {5 —& IfES 2 .

then L{F(£)} is
wW2+5 ®)2+

s2

e e~258 E-ZS

—25 3 3
s2 (C);_ 52 (D 5—2_ s2

2%u
ay?

2
Provided the differential equation % -+ = (0, which of the following is true?

(A) first order, linear, non-homogeneous
(B) second order, nonlinear

(C) second order, linear, non-homogeneous
(D) second order, linear, homogeneous

The Fourier transform of a function f is denoted by S{f}. Suppose I{f (1)} = F(w),I{g(t)} =
g(w), which of the following is INCORRECT?

A) [° f(Dg(t—1)dr = I™HF(0)G(w)}
®) [7 f(t—1Dg(r) dr = IHF ()G (w)}

©) St =D} = Fw)e ™"
(D) None of the above
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16. Let A and B be matrices in R™*™. Which of the following statements are true?
(A) det(—A) = —det(A).
(B) If AA” = I, then det(A) = 1.
(C) If AAT =1, then trace(A) = n.
(D) If two rows of A are equal, then det(A) = 0.
(E) If det(A) = det(B), then A and B have the same rank.

17. Let A € R®*® and its eigenvalues are A;, A;, and A,, where A; and 2, are distinct eigenvalues.
Suppose the dimension of N(A — A;I) is 1, where N(A) denotes the null space of A. Which of the
following statements are true?

(A) A; must be areal number (not a complex number).

(B) A; must be a real number (not a complex number).

(C) The dimension of N(A — A,I) equals 1.

(D) A is diagonalizable.

(E) A has two linearly independent eigenvectors corresponding to A4.

18. Let A € R™™. Consider the linear equation Ax = b or the homogeneous linear equation Ax = 0.
Which of the following statements are true?
(A)If rank(A) = m, then Ax = b has at least one solution for any b € R™,.
(B) If rank(A) = m, then Ax = 0 has only the trivial solution x = 0.
(C)If rank(A) = n, then Ax = b has at most one solution for any b € R™.
(D)If rank(A) = n and m > n, then Ax = 0 has infinitely many solutions.
(E) If rank(A) = m and n > m, then Ax = 0 has infinitely many solutions.

19. Let A and B be square matrices. Suppose that A is similar to B, that is, B = P~*AP for some
nonsingular matrix P. Which of the following statements are true?
(A)If x is an eigenvector of B, then X is also an eigenvector of A.
(B)If'y is in the column space of B, then y is also in the column space of A.
(C)trace(A) = trace(B).
(D)A —Tissimilarto B—1.
(E) AS is similar to B®.

20. Let A € R™", R(A) denotes the column space of A, N(A) denotes the null space of A,
and dim(S§) denotes the dimension of a subspace S. Which of the following statements are true?
(A)Ify € R(A), then y € R(AAT).
(B)If x € N(A), then x € N(AAT).
(C)rank(A) + dim(N(A)) = rank(AT) + dim(N(AT)).
(D)1t is possible for a matrix A to have [2,1,—1]" in N(A) and [1,—2,3]" in R(AT).
(E)Lety € R™. If y = u; + v; = u, + v, where u;,u; € R(A) and v;,v, € N(AT), then u; = u,
and v; = V.
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21. Let
4 1 3 2
A=11 4 3 3‘.

-1 11 6 7

Which of the following vectors are in the column space of A?

(A [B.A1.21"

(B) [1,0,—1]7

(©) [0,1,3]"

(D) [2,1,1]7

(E) [4,2,—1]T

T 22885 23 MEEHARGHTEE - R FEREFR > BB FHITELET -

22. (104) KHATHAFEEE2BEHIME > 7 AHAH -

/ - dz » BEF C Bis3 {2 |z] =2} Earnad— Bz H®eE -
Jo

-3

23. (154) # A4 E (residues) RIUUTFRAE S » B P £%e>00

> cosar
/ ——dx
JO H + ]
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Please note that all calculation answers must include the unit and calculation process.

1. (25pt) The amplifier of Fig. 1 consists of two identical common-emitter amplifiers connected in
cascade. For Vec =15V, Rp; = 100 kQ, Rg2 =47 kQ, Re = 3.9 kQ, Rc=6.8 kQ, B = 100, and thermal
voltage V1 =25 mV, (a) determine the dc collector current of Q1. (5pt) (b) Find Rin, Vb1/Vsig and vp2/vpi
for Rsig = 5 kQ. (15pt) (c) For RL = 2 kQ, find ve/vba. (5pt)

2. (45pt) The two-stage CMOS operational amplifier in Fig. 2 is fabricated in a 0.18-um technology
having k;, = 4k, = 400 HAN? Vi = =V = 0.4V, and Voo = 0.9 V, Vss = -0.9 V, Irer = 200 pA.
(a) With A and B grounded, perform a dc design that will result in each of Q1, Qz, Q3, and Q4 conducting
a drain current of 100 uA and each of Qs and Q7 a drain current of 200 pA. Design so that all transistors
operate at 0.2 V overdrive voltages. Specify the W/L ratio required for each MOSFET. (20pt) (b) What
is the dc voltage at the output (ideally)? (5pt) (¢) Find the input common-mode range. (5pt) (d) Find
the allowable range of the output voltage. (5pt) (e) With va = via/2 and vs = —vid/2, find the voltage
gain vo/via. Assume an Early voltage Va of each MOSFET is 6 V. (10pt)

3. (30pt) A common-source amplifier as shown in Fig. 3 has Cc1 = Cea = Cez = 1 pF, Rg = Ry | Rgz =
10 MQ, Rsig = 100 kQ, gm =2 mA/V, Rp = Rs =Ry = 10 kQ. Please analyze the low-frequency response
of the amplifier to find midband gain vo/vsig (5pt), pole frequency f1(5pt), fp2(Spt), f3(Spt), and zero
frequency fz. (10pt)

Vb
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Dielectric constant: Si=11.7 ; Si02=3.9

1. Consider a silicon p-n junction at T = 300K with doping concentrations of Ny = 5 x 10*® ¢m™ and
Np = 5 x 10%® cm™. Calculate the depletion layer width in each side and the peak electric field at the

junction. (20%)

2. An n-channel silicon MOSFET with a doping of N; = 5 X 10 cm™. Oxide thickness is 18 nm. Initial
flat-band voltage is —1.25 V. Determine the ion implantation dose such that a threshold voltage of V. =

+0.4 V is obtained. (20%)

3. The values of effective density of states in conduction and valance bands are No = 2.8 x 10 cm™ and
Ny = 1.04 x 10*° cm™ at 300K. Both N¢ and Ny vary as T3/%. Assume the bandgap energy of silicon
is 1.12 eV and does not vary over this temperature range. Calculate the intrinsic carrier concentration in
silicon at T =250K and at T = 400K. (20%)

4. A silicon p-n junction with doping concentrations of N, = 10 cm™ and Np = 10> cm™ at T = 300K.
The applied reverse bias V = —5 V. Calculate the junction capacitance if the cross-sectional area of the
device is 10 em?. (20%)

5. An n-channel MOSFET with source and drain doping concentrations of Ny = 10%? cm™ and a channel
region doping of Ny = 10 cm™. Assume the channel length = 1.2 um. Source and body are at ground
potential. Calculate the theoretical punch-through voltage. (20%)

RAFEAMUD FHEHFOATAA



Bt LRE 1 EF5E
FAL PR AR T TR R PR A A AR

FIBELAE TBHEL [BHhiELHELE])

— A EEEIB—
HX 5 R 0 100 548

© FRMBELEENAFHHRAA  ERFZTE e - L - FhaHEL
%%(%)zﬁ WIS ZAREE - REXHABRFEHA > WA REL
PP B AR R -

© ZXEZMAE - -ZeEEAHEHE - FERET THFRLE - &
EFEAEXTER - RA~BFER (F) ~ FEERIFESE) - BA
BHRER—mEELE  FEHEL(RFREFHEK) -

@ XEFFU2BHLE L ATMHERSGER () e R{EH 2B4S
Z B ARABRFERALNERE T WBEEL KRG Z4L88 -

© Ak () BAHFRERE RN S ~ s 808 U B+ 555758 B %
B FARFETEFANL EEBRBRALELMIIEMXFTRHE
5% o

® T%ﬁm%;ﬁﬁmﬁ@ M AARIEAE > o T B 0 B -
FEARAh > BEARAFHE T EAEN  RERLEEDRE iﬁi#&ﬁ%iaf&i
ﬂxs%tﬂ%zﬁééd% e (s THER  EFFHE) A

FL |
® HBRERE (F) FHUHEE  KYEEFHMELESETE -
© SEEIFEMESIE  SEEIEREEHREFES -
© EBHBRARIBEESHNEREIERBIEHERIE

2




Brv LRl 2EEELHEELERTER LS LA

#ELHE raSR2C [ERamLETa] A% 1 431001
MAFBRMFRR T, EA R R AREFH) (RE) A4AF 1R

1.

T8 -0 MAHEA > SRS 5 85 505 BAAEEEA AVESF—ARERER -
B0 VBEAS  B3 50 BHVEERF B 15 SHEN2ESAKKEEE  HEAT
a3t -

Let A and B be matrices in R™™. Which of the following statements are true?
(A) det(—A) = —det (A).

(B) If AA” =1, then det(A) = 1.

(C) If AAT = 1, then trace(A) = n.

(D) If two rows of A are equal, then det(A) = 0.

(E) If det(A) = det(B), then A and B have the same rank.

Let A € R3 and its eigenvalues are A, A;, and A, where A; and A, are distinct eigenvalues.
Suppose the dimension of N(A — A,1) is 1, where N(A) denotes the null space of A. Which of the
following statements are true?

(A) A; must be a real number (not a complex number).

(B) A, must be a real number (not a complex number).

(C) The dimension of N(A — A,1I) equals 1.

(D) A is diagonalizable.

(E) A has two linearly independent eigenvectors corresponding to A;.

Let A € R™*", Consider the linear equation Ax = b or the homogeneous linear equation Ax = 0.
Which of the following statements are true?

(A)Ifrank(A) = m, then Ax = b has at least one solution for any b € R™.

(B) If rank(A) = m, then Ax = 0 has only the trivial solution x = 0.

(C)If rank(A) = n, then Ax = b has at most one solution for any b € R™.

(D)Ifrank(A) = nand m > n, then Ax = 0 has infinitely many solutions.

(E) If rank(A) = m and n > m, then Ax = 0 has infinitely many solutions.

Let A and B be square matrices. Suppose that A is similar to B, that is, B = P™*AP for some
nonsingular matrix P. Which of the following statements are true?

(A)If x is an eigenvector of B, then x is also an eigenvector of A.

(B)Ify is in the column space of B, then y is also in the column space of A.

(C)trace(A) = trace(B).

(D)A —1issimilarto B — 1.

(E) AS is similar to B®.

Let A € R™", R(A) denotes the column space of A, N(A) denotes the null space of A,

and dim(S) denotes the dimension of a subspace S. Which of the following statements are true?

(A)Ify € R(A), theny € R(AAT).

(B)Ifx € N(A), then x € N(AAT).

(C)rank(A) + dim(N(A)) = rank(A") + dim(N(AT)).

(D)1t is possible for a matrix A to have [2,1,—1]" in N(A) and [1,-2, 3] in R(A").

(E)Lety € R™. Ify =u; +Vv; = u, + v,, whereu;,u; € R(A) and v, v; € N(AT), thenu; = u,
and v; = ;.
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6. Let
4 1 3 2
A=|1 4 3 3].
-1 11 6 7
Which of the following vectors are in the column space of A?
A [312]"
(B) [1101 _1]T
(©) [0,1,3]7
M A1
(E) [4,2,—1]F
7. Letu and v be two vectors in an inner product space V, and p is the orthogonal projection of u onto
v. Define ||v|| = +/(v, v). Which of the following statements are true?
(A) [[uall = [Ipll

10.

(B) [lu —pll = lIpll

(©) lla = pll + lIpll = [lull
(D)p = uimpliesv=u

E) llpll? + llu = pl|* = [lul|

Suppose that vectors x and y in R™ satisfy Rx = y for some R € R™" with RTR = I. Which of the
following options are possible?
(A)x=[212]",y =[3,0,0]".
Bz = {117, = [3.10]".
(©)x=[123]",y=1[00,6]".
M) x = [3,4,2]",y = [2,0,5]".
E)x =[23,5]",y = [1,54]".

Let L be the operator on Py (the set of polynomials of degree less than 3) defined by
L(p(x)) = xp'(x) + p" (),

where p' (x) denotes the derivative of p(x) with respect to x. Find the matrix A representing L with
respectto E = {1+ x,—1 + x% 1 + x%}. Denote the last two rows of A by [az;, a2, az3] and
[a31, A3z, 53], respectively. Which of the following statements are true?

(A)az; =0 B)a, =0 (C)az; =05 D)azg, =1 (B) azz =2

Let $2%2 be the set of all 2 X 2 symmetric matrices. Then $2%2 is a subspace of R?*2, Suppose that
E = {v,,V,,v3) and F = {w;, w,, w3} are two bases of $?*2, where

A R S B R R R

Let S be the transition matrix from E to F. Denote the first two rows of S by [s11, 512, S13] and
[S21, S22, S23], respectively. Which of the following statements are true?

(A)s;1 =1 (B)s;2=1 (C)s13=3 (D)sz1 =3 (E) 52 =1




BaP LRE 1] 2FERLHEEFRLARBER L L HREA

#FBELHE TEBHPC [ERAATHECE] #45% - 431001
MEFEREERAR "ToL, FASER I - FEFH) GA4H) #$£4EF 3R

T 118 2084 2588 §A3 5 853045 « XSS AEEETMU 053 - fEARE
HaEdds  SAREF LT REH  FHREEFALEL L BAERTAR -

LT 1132 1488 &2 f:[0,00)— R (REREAFTHAAZLES) A Laplace ik
L:fF>Z&A4:

=Amfwm*wf=mw@n

11, 4 F(s) = L(f(2)) » Gs) = Lo(t)) - %8 L(3F(2) + g(t)) FrM8 8. 7

12. & F(s) =L(f(2)) » G(s) =L(g(t)) * 3R L(f(t)g(t)) F# M8 H 2L 7

13. 4 F(s) =L(f(t)) » Bf(0) =0 357 e*F(s) + s?F(s) A8 & 2 &Y Laplace 5 44 7

14. 4 F(s) = IL( f(£)) o 3R Lt » f(t) A7 E & 2y Laplace 8832 7 £ 3548 » ¢+ f(1) R B
g(t) =t #& 2 f(t) &5 convolution

T % 15882 2088 » B S BMASFER (1) + ad(t) +bx(2) = u(t) » 2(0) = 21, £(0) =z °

154 ut)=0°FFEL R a RO BREFEHHERNT » ST EAMIFERME (21, 52) 0 FTEKX
b9R% x(t) ZR A LY

16. 5 u(t) =0 FMEEH a BROBLEREFGERLT » &FETIFEENME (21,52) 0 FTEKX
%%ﬂﬂ%%%ﬁ?

7.4 u(t)=0- T4E o BORAEEGEGELT & TEMEZWE (21,52) » TEKX
A% x(t) ﬁ‘@%ﬁﬁii'} 0%

18. 4 u(t) =0 (a,b) = (0, —1) = 37| wﬁﬁé”ﬁﬁfaéﬁﬁﬁﬂm@ 0myIELTAn{a -

19. 4 (z1,22) = (0,0) » (a,b) = (0,1) - FF5| KA A € EF 2R 09 HE u(t) HEL -

20. A (zy,22) = (0,0) > (a,b) = (1,1) > u(t) = sin(wt) « FM w ZABEHFT » FETRZIHEER =R
R 7
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Problem 1 (16%) Find the transfer function ¥ (s)/ R,(s) of the system displayed in Figure 1.

G;

Gy
; +
Ri ' - 4 + _ . Y2

o :—: Ty O > Gi ,( )___> G2 ‘;O— . > G] ——T"C)' >

¥ T R, _{ ¥
L H]

s

Figure 1: Control system of Problem 1.

Problem 2 (12%) Consider two second order linear time-invariant systems, system A and system B,
respectively. Assume that the system A has s, and s, (complex conjugate pair) for its poles and system
B has s, and s, (complex conjugate pair) for its poles. The location of these poles are indicated in Figure
2. Assume that the DC gain of boh systems are 2. Find the settling time for both system A and systm B.
3.2/ (w,), 0<£<0.69

45¢/w,, €>0.69

_, b jm(s)

Hint: settling time = {

Tigure 2: Locations of poles of Problem 2.

Problem 3 (22%) Figure 3 shows a block diagram of a feedback control system.

(a) (8%) Find the range(s) of & and &, such that all the closed-loop poles, except those at the origin, are
in the left half s-plane.

(b) (14%) Suppose that the closed-loop transfer function of the control system you obtained in part (a) is

W) = . 3s +1 : .

sS*+(2+k)sT+(4+K)sT ks

We also assume that the poles of M(s), except one at the origin, are all in the left half s-plane. In
addition to the range of k and k, you find in part (a), find the range(s) of k, and k, such that the

steady-state error lim e(r) <1% due to an unit-step input PiL):
[—
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Figure 3: Control system of Problem 3 and 4.

Problem 4 (15%) Consider the feedback system shown in Figure 3 where &, =34, .
(a) (3%) Find the transfer function G, = ¥(s)/ R(s) of the closed-loop system where R(s) and Y(s)
are the Laplace transform of the input #(¢) and the output y(r), respectively.
(b) (3%) Find the intersection of the asymptotes (centroid).
(¢) (4%) Find the intersection of the root loci with the imaginary axis and the corresponding value of £, .

(d) (5%) Construct the root loci for £ = 0.

Problem 5 (15%) Consider the following block diagram shown in Figure 4.

L %0 %),

- u(® b 1/(s+1) .?_. e (O D

Figure 4: Control system of Problem 5.

(a) (5%) Write down the dynamic equation of this control system in state space model, 1.e.,
ORI EN0) A ()
(xz (I)) = A[xlz (t))-l—bu(r), y= C(x; %) +dul(t).
(b) (5%) Show that this system is controllable, but not observable.
(c) (5%) Re-assign state variables so that the system is controllable and observable, and has the same

transfer function.

Problem 6 (20%) Consider the following block diagram shown in Figure 5.

A4

Gp=1/(s-1)(s-2) .y

Koy =( as+b)/(s>+Hs+m) }—»+1ﬁ{y:(cs+d)/(sz+zs+m) -
Kz

Figure 5: Control system of Problem 6.
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(a) (3%) Write down the dynamic equation of the control system with its transfer function
G, =1/(s —1)(s —2) in state space model, 1.e.,

[2((?)] - A[i;((?)j +Bu(t), y= C(?z((?)) + Du(t),

such that this (state space) model is controllable and observable.
(b) (3%) Find a state feedback gain K =[k; k,] such that with the state feedback law u = -K (? ((?)),
2
the system matrix 4 — BK of the closed-loop system has the eigenvalues (characteristic values)

being equal to —1, —2.
(¢) (3%) Consider the following Luenberger observer:

£(t) = A%(0) + Bu(@®) + L(y(¥) — CX(t) — Du(1)). | « {1y

With the estimation error e(f) = x(¢) — X(¢), show that é(t) = (4 — LC)e(?).
(d) (3%) Find an observer gain L = Bl} such that 4 — LC has the eigenvalues (characteristic values)
2
being equal to —3, — 4.
(e) (5%) Consider the architecture shown in Figure 5 where the dynamic output feedback law
u(t) = v(r) — Kx(¢) is used with %(¢) satisfying the dynamic equation (1) and

es+d
s2+ls+m

as+b

K,=K(s[-4+LC)(B—LD)= , K,=K(s[-A4+LC) L=

st+ls+m

Find the constants a,b,c,d,l,m.
(f) (3%) Find the transfer function of the closed-loop system.

BAFHEELE FYETERATAA
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1.

[B— /210454 » £30 45 ) RAFEHAEER60-~35-11-45~-8~72~6¢

(D FRIE Ll AR F » 3% —42 binary search tree °
@ #FRIE LR AR » Z ¥ —4% min-heap tree
@ st ERBAKA o ik —#R AVL trec -

[:£] @ 5@ NEE HFLBAEEAGE I —EEREZZABRER  ATHEE N
REAEE ABETHREEE AR 05 E -

[&— 154 > %3045 ) RLA>

(D A£2Zi% 7% £ ¢4 min-heap tree AR "6, 2 4 &) min-heap tree BT 7 FE H K -
@ fezit 2B AVL trec BRI T35, 2464 AVL tree 47T 2 L H R -

[ 154) TR A T#53%E4%k &3 (doubly circular linked list) | #9 B A& 486145

head tail

A /

L’ > |64

i 25 | Tl | 79| <
prev next prev next prev next prev nex’:_‘

B
P

£ & 4518 Node &4 a4 ={8# 4 "prev ~ data - next | : REMILR F & Node ##

MESE

struct Node {
Node* prev;  // & Ar—1@ Node
int data;
Node* next; // 45%F—1& Node

}s

’ggﬁi&ﬁk$§’ %EEE A=A AZ 4 0 C head o tail - #5424 2 head K26 ® & P28
— 1B Node » $542 4 3 tail 7]\:\_#51‘79%51]@55&‘3 1 — 18 Node = 35 i push_back &=,
(functlon) wyF2 K45 £ 54 % void push_back(int d) » EshsREE R ER F 5142
§E3Y fu—18 Node » X data 4ff{a & d > £ HFRE " tb— Node EAu @B & 5] 212 >
SAER BB B P IEM &% — 18 Node ; - [3:]) ! push_back &KX LEHFEE QR
4k B 7 — B4 0 B2 R A 14T Node #9457, > BLEF head #o tail &94n45{E % % NULL -
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4.

[t22 15 ] #Hi54 FEE K (postfix expression )
AB*CD*-EF+/
#8248 E X (infix expression )

[ 104] (A) > B)~ (C) ~ D)iEw AAF] (sequence) EIE » AFLE - 5 A 7T 4

& A inoder 2k 5735 binary searchtrec P & A 94 R 7 FHBE R E G - RRAAHE S »
R HE®R A0y -

(A)12 35 24 52 40

(B) 64 48 37 26 15

(C)13 24 36 47 60

(D)34 17 11 25 43
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Problem 1: True (T) or False (F). You will receive mark penalty of —8 points for each incorrect answer
(until you get 0 points in this exam). Do NOT justify your answer.

[ ] Observations showed that at least 100 students successfully got correct answers in eight questions,
and 200 students successfully answered the rest questions. We concluded that some students got at
least 11 questions right. (6 pt)

There is only one integer solution to 2* = x? + x3. (6 pt)

54321 js greater than 4°321, (6 pt)

Both K5 and K33 are not planar graphs. (6 pt)

o

Problem 2: Use the minimal number of colors to color the following map. Use English alphabets to
represent different colors, e.g., a, b, and c. Please justify your answer. Otherwise, you get 0 points. (12 pts)

Problem 3: Consider the lattice L in the following figure. Identify whether L1, L2, L3, and L4 are sublattices
of L: L1 = |x,a,b,y|, L2 = |x,3,e,y|, L3 = |a,c,d,y|, and L4 = |x,c,d,y|. Please justify your answer. Otherwise,
you get O points. (24 pts)
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Problem 4: Use Kruskal’s algorithm to find the minimum spanning tree of the following graph. Please
justify your answer. Otherwise, you get 0 points. (12 pts)

{2

& 3
20 4 ; R
i 4 {a)..
s 20 %, o W
- ¢ 3
£9J o
\-;\\ . 20 ) \?_/I
L 10 7
10 , 2
g - {\3‘)7
1} 50

Problem 5: Find the maximal relational mapping in the following bipartite graph. Please justify your
answer. Otherwise, you get 0 points. (12 pts)

Q@ @ O O 6

Problem 6: x and y are prime numbers that satisfy x¥ + y* = xy. Please find x and y. Please justify your
answer. Otherwise, you get 0 points. (4 pts)
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Problem 7: There are five baseballs and four basketballs. You have to select three balls from them, but
these three balls should contain at least one baseball and one basketball. How many choices do you have?
Please justify your answer. Otherwise, you get 0 points. (12 pts)
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1. (10 pt) In the circuit of Figure. 1, find the resistance of R; and Rs.

R;
A
R 50
n MV M +
2026V 24V 1027V
Figure. 1

2. (10 pt) In the circuit of Figure. 2, find the Thévenin equivalent circuit.

24V

50)
s
Por, 2100 2400
%¢ ob
Figure. 2

3. (10 pt) Express the voltage gain vo/vs in terms of the resistance Rin the circuit of Figure. 3.

" ngo

= -

Vo

Figure. 3

4. (10 pt) The circuit in Figure. 4 is at steady state before = 0. Determine the current i(t) for ¢ > 0.

6() 30

éP 6V 6H
3 l.a )

3 i(0) 4
Figure. 4
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5. (10 pt) The circuit shown in Figure. 5 is the Thevenin equivalent circuit of an induction motor, where
s is slip, and Vi is directly proportional to the ac voltage imposed on the motor input.

(a) (5 pt) Please derive the equation of real power transferred to the rotor.
(b) (5 pt) Please derive the equation for input power factor at motor starting.

@y, Synchronous frequency
w,: rotor electric frequency

Figure. 5

6. (10 pt) The voltage across a load and the current through it are given by v(t)= 100cos(100t) V and i
(t)=10cos(100t-30°)+3cos(300t) A, respectively. Find:
(a) (5 pt) RMS value of the current.
(b) (5 pt) Average power of the load.

7. (10 pt) A 3-phase 3-wire balanced source 380V system supplies a three-phase Y-connection balanced
load 10kVA at 0.866 power factor lagging. Find line current and load impedance.

8. (10 pt) A 1200/120V transformer has load 10Q at the secondary side. If 600Vrms voltage source
connects to the primary side, find source current and load power.

9. (20 pt) Short questions :
(&) (5 pt) Explain operation principle of boost converter.
(b) (5 pt) Explain operation principle of flyback converter.
(¢) (5 pt) Explain ESR effect of the capacitor.
(b) (5 pt) Explain reverse recovery issue of PiN diode.
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1. (10%) Please explain the following concepts as detail as possible:

(a) (2%) Describe the conditions for a random process to be wide-sense stationary (WSS).

(b) (2%) What is an Ergodic process?

(c) (2%) Describe the Wiener-Khinchin Theorem.

(d) (2%) What is an Additive White Gaussian Noise?

(e) (2%) What is a Gaussian Process?

2. (12%) Find the Fourier transform of x(t) = sinc3(t). (Hint: The answer is a piecewise function
which consists of five intervals.)

3. (15%) The characteristic function of a random variable X is defined as the statistical average
E(e/V*) = y(jvX) = [5 e p(x)dx.
(a) (10%) Find the characteristic function of a Gaussian random variable.

(b) (5%) Show that the variable Y, which is defined as the sum of N independent and identically
distributed (i.i.d.) Gaussian random variables X;, i = 1,2, ..., N, is a Gaussian random variable.

4. (10%) An AM signal s(t) = A.[1 + k,m(t)]cos(2mf.t) is considered in the following systems:
(a) (5%) If s(t) is used as the input to a square-law detector which has a transfer characteristic
defined as v (t) = a;v;(t) + a,vi(t), where a; and a, are constants, v;(t) denotes the input,
and vg (t) denotes the output. Find the conditions for which the message signal m(t) can be

recovered from vg(t).

(b) (5%) Let 7(t) denote the recovered signal in (a). Suppose that we use an ideal sampling with a
sampling interval of Ty to sample 7(t) and obtain the sampled signal r5(t), please find the
Fourier transform of r5(t).

5. (15%) Please answer the following questions.
(a) (5%) For a quaternary communication system, the possible transmitted signals are
Splt) = Acos(-z—;]"—nt - (k;) n),O <t<T, k=14
Assume T = 40ms, A = 100mV, P(s;.(t)) = 7, Vk, and the noise PSD S, (f) = 20 pW/Hz.

Please calculate the error probability F,.

E E

Hing: B, =2 = -2 =

int: F, Q N, Q N,

(b) (5%) If T changes to 1ms, in order to maintain the same F, obtained in (a), please calculate the

required amplitude value A.
(c) (5%) Please show the orthonormal basis functions for the signal constellation s, (t).
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6. (20%) The definition of entropy is the expected value of the self information:

HOX) £ BlI(u)) = Kzlpk g (--) = = . PG Toga (PC)).
k=0

Pr
xeX
Let variables X, Y have the joint probability
Plxi, P(xy, ;
P(X,Y) = [ (x1,¥1) P }’2)] 0.54 0.06].

P(x3,y1) P(x3,¥2.)l  10.06 0.34
Please find the following quantities:
(a) (4%) P(Y|X) and P(X|Y)
(b) (4%) H(X) and H(Y)
(¢) (6%) Calculate H(X|Y) and describe the physical meaning of H(X|Y).
(d) (6%) Calculate 1(X;Y) and describe the physical meaning of I(X;Y).

7. (18%) Consider the encoder for a binary (3,1,2) convolutional code shown in Fig. 1.
There are one input message u, two registers and three outputs v;, v, and v3.

Lm\ o vl
U —@—> vy
g -0 V3

Figure 1

(a) (3%) Find the codeword v corresponding to the information sequence u = (1110100).
(b) (5%) Draw the state diagram of this encoder.
(¢) (10%) Please use Viterbi algorithm to decode the received sequence (110 010 111 100 101 001),

assuming that a binary symmetric channel with a crossover probability p <1 /2 is considered.
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(30%) For the common-base circuit in Fig. 1, assuming the bias current to be about 1 mA, =100,

C, =0.8pF, 1, =25Q, and f; = 800 MHz:

(a) Estimate the midband gain V, /V;. (10%)

(b) Use the short-circuit time-constants method to estimate the lower 3-dB frequency, f;. (10%)
(Hint: In determining the resistance seen by €, the effect of the 47-kQ resistor must be taken into
account.)

(¢) Find the high-frequency poles, and estimate the upper 3-dB frequency, fu- (10%)

3V
2kQ 10 uF
]
é 1 °%
47 k2
2140
Q b
100 @ — —_
I uF
< 4
4@, =
B Fig. 1

(25%) The current-steering circuit of Fig. 2 is fabricated in a CMOS technology for which k;, = 90
HA/VE, kp =30 uA/V?, V,,, = 0.8V, and Vip =-0.9 V. If all devices have L =2 um, design the circuit
so that Iggr =20 pA, I, = 100 pA, and Is = 40 pA. Use the minimum width of 2 pum for as many of
the devices as possible. (a) Give the required width for each transistor and the value of R required.
(10%) (b) What is the highest voltage possible at the drain of 0,7 (5%) (c) What is the lowest voltage
possible at the drain of Q5? If |VApI =16 L, where L is in pm and Vy, is in volts, (5%) (d) find the
output resistance of the current source 0. (5%)
+5V

A A A

0, l—'—]th {—{r_: o3
[
y (- I
l l{) lfj
RE
| Qz;: l—"_i Q5
I
= ¥ .

Fig. 2
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3. (15%) A second-order filter has its poles at s = —(1/8) + j (vV63/8). The transmission is zero at
® = 5 rad/s and is unity at dc (o = 0). Find the transfer function.

4. (30%) For the emitter-follower circuit shown in Fig. 3 the BJT used is specified to have f values in
the range of 20 to 200. For the two extreme values of B = 20 and B =200, find :
(a) Ig, Vg, and Vg. (10%)
(b) the input resistance R;. (10%)
(c) the voltage gain v, /v,. (10%)
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1.

(3%) (a) At any point (xg, yo, zo) in the domain of a scalar function ¥(x, y, z), we take a path a; along V|
= ¢;, where ¢; is a constant, or take a path a, along VV. Tell me about the main characteristic (& £ 4%
#1) of these two paths a¢ and ay, and also what is a¢-an, the dot product of a¢ and a,?

(3%) (b) () = VV-(a¢) d?, where Vis a scalar function, d¥ &% & 7 6] ae Z /N Ee4E o () BJEEAE 7

(3%) (c) #] Al Divergence theorem for V-E & F E v Q (A % ¥ % — charge Q)44 B 4% °

(3%) (d) #] A Stokes’ theorem for VxB & F B fa [ (E % ¥ A — current 1) &) B f4

(3%) (e) 431X Divergence V'-A & Curl VX AR (A B — 5 £45) @ B#MEFNBBREBRALER
A Ao R K& F AT IR 2

(5%) Using the Method of Image, write down the potential distribution, V(x, , z), for a point P(x, y, z)
in the space, Fig. 1, the dielectric constant of the space is . Q is a positive point charge of Q & &
Coul.

PaV(x, v, 2)

X0, d, 0)

Grounded
plane conductor

e

P X

1 ¢

Fig. 1. A point charge Q distance d above the Ground.

(3%) (a) 4= dielectric constant & & (=1+X) dielectric 2 2F &5 4 E (V/m) » 35 R Polarization
vector P A4 ?

(3%) (b) 4 relative permeability & ur (=1+Xm) &9 — ferromagnetic material #h @42 @ F i > £ &
Pt & 4 sk H (A/m) @ 35 Bl Magnetization vector M 2 4] ?

(4%) 471 ¢4 & T M AR AT » (c) € 84 permittivitye Fo permeability u & %47 ? 35 M ERAR69IE D -

. D . : . ; 2 F
For a coaxial transmission line shown in Fig. 2, the capacitance per unit length is ¢ = lnf,” [;], and the
nl
. a
b

inductance per unit length is £ = Ho | Ho 2 [ﬂ] At high frequencies, the internal inductance drops
87 2m g M
off (that is, approaching 0, and you should know which term is the internal inductance).
(2%) (a) Find the characteristic impedance of the coaxial line Z~(l/c)*? at high frequencies 3% it &
Ze —Z.ﬁ’i’i[ o
(2%) (b) 3% P 42 3k (Ground, Bp 348 b a4 4% 4) 2 41 &4 magnetic flux density B 45 %47 ?
. _

*_.._—
M ] -
b L - I
P i .T'p i i

Fig. 2. Coaxial cable side and cross-sectional views, #2 ## 474X 7 3 Ground

The capacitance of a line charge of radius a over a ground 0, as shown in Left of Fig. 3 € = jnf - [ﬂ
n2l
a

(3%) (c) Find the external inductance L for such a transmission system in air using a quasi-TEM
property L-C = uo-go.

(3%) (d) Obtain the internal inductance from the inductance formula 1, also the external inductance
found in c), write down the per unit length internal & external inductance for the conductor system
shown in the Right of Fig. 3.
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Pu V

T@ g Conductor 1
&

Fig. 3. A single conductor above a Ground (Left); A two-conductor system with currents flow in opposite
direction (Right); the two conductors both with radius a and d distance apart.

5. (5%) (a) A position vector R = ax (x-x") + ay (3-3") + az (z-2°), R = [(x-x")*+(3-y")2+(z-2°)*]", ar = R/R,
where P(x, y, z) is an observation point, and P’(x’, y’, z’) is a source point. Show that V’(%):(aR R—lz ;

V’fis the gradient operator with respect to the source coordinates, that is, V’f'= ax J S 1 az % :

ax' Y ay'
(5%) (b) As shown in Fig. 4, determine B at P(0, 0, z*)?
ag
P(0,0,z%) ®
i

- e

’

Z

A

|

L

ATI

l._

Fig. 4.

6. (10%) (a) Derive the electromagnetic wave equation in free space.
(5%) (b) Explain the traveling-wave factor.

7. A uniform plane wave (E;, H;) of an angular frequency  is incident from air (medium 1) on a very
large, perfectly conducting wall (medium 2) at an angle of incidence &; with perpendicular polarization.
Find
(10%) (a) E and H in medium 1.

(5%) (b) E and H in t medium 2.
(5%) (c) the current induced on the wall surface, and
(5%) (d) the time-average Poynting vector in medium 1.

8. (10%) As shown in Fig. 5 with z; =./ZyZ; and 7=21/4, please explain how the circuit works to
achieve impedance matching between Zp at Z;, and obtain the bandwidth with the maximum I' of [',.

~ ! —»-

Zy |—> Z,,B(w) ?ZL(I'CH”
|

Zi’n ({U(J )’ rm(mo)
Fig. 5.
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[20%] (1) (12%) Write MIPS assembly codes that implement a sort function on an array v with the
size of n. Note that you need to add comments to each line of your written assembly codes (2) (8%)
Please also'describe your ideas on implementing the sort function using a high-level programming
language such as C. Note that your written high-level programming codes should support your
assembly codes.

[20%] Explain the following terms.
(a) (4%) Forwarding

(b) (4%) Fully associative cache
(c) (4%) IEEE 754 standard

(d) (4%) Branch prediction

(e) (4%) SRAM

[20%] The following questions are for the five-pipeline-stage MIPS processor design.

(a) (10%) Draw the data path of the five-pipeline-stage MIPS processor with_hazard detection and
forwarding capabilities.

(b) (5%) Hlustrate and explain in details how a branch instruction is executed in your drawn data
path of the five-pipeline-stage MIPS processor.

(c) (5%) What is data hazard and how this problem can be resolved in the five-pipeline-stage MIPS
processor design in (a)? Please design an example assembly program to help illustrate and
explain'in details.

[20%] Cache designs are important for enhancing the performance of a processor system. Below is a

list of 32-bit memory address references, given as word addresses.

73,33, 131, I8, 217 25, 18L. 21, [94.253. [, 11

(a) (4%) For each of these references, identify the binary address, the tag, and the index given a
direct-mapped cache with 16 one-word blocks. Also list if each reference is a hit or a miss,
assuming the cache is initially empty. Please also calculate the overall miss rate accordingly.

(b) Youare asked to optimize a cache design for the given references. There are three possible direct-
mapped cache designs, all with a total of 8 words of data: Cl has |-word blocks, C2 as 2-word
blocks, and C3 has 4-word blocks.

[.  (3%) In terms of miss rate, which cache design is the best?
II. (3%) If the miss stall time is 25 cycles, and C1 has an access time of 2 cycles, C2 takes 3
cycles and C3 takes 5 cycles, which is the best cache design?

(¢) (5%) Show the final cache content for a three-way set associative cache with two-word blocks
and a total size of 24 words. Use LRU replacement. For each reference, identify the index bits,
the tag bits, the block offset bits and if it is a hit or a miss, assuming the cache is initially empty.
Please also calculate the overall miss rate accordingly.

(d) (5%) Show the final cache content for a fully associative cache with one-word blocks and a total
size of 8 words. Use LRU replacement. For each reference, identify the index bits, the tag bits,
the block offset bits and if it is a hit or a miss, assuming the cache is initially empty. Please also
calculate the overall miss rate accordingly.
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. [20%] Please design a finite-state machine based cache controller, The key characteristics of the |

target cache are shown below.

B Direct-mapped cache

B Write-back using write allocate

B Block size is 4 words (16 bytes)

B Cache size is 32 KB, so it holds 2048 blocks

B 32-byte addresses

B The cache includes a valid bit and a dirty bit per block

2

The signals between the processor and the cache are.

I-bit Read or Write signal

I-bit Valid signal, saying whether there is a cache operation or not
32-bit address

32-bit data from processor to cache

33-bit data from cache to processor

[-bit Ready signal, saying the cache operation is complete

(a) (10%) Please draw the state diagram of your designed finite-state machine based cache
controller with all necessary signals in each state and transitions between states.
(b) (10%) Explain in details the functionalities of each state and transitions between states.
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