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1. (25%) In free space, the electric field intensity is E = (6ex +8)a, —(8cy+9y)a, +(Tcz)a, and the
volume density of free charges is p, = 0 (C/m?). Please find the value of the constant c.

2. (25%) A small square loop with side d carries a direct current / as shown in F ig. 1. Please determine
the magnetic flux density at a point P at a distance R from this loop.

Z

[

Y
X [
Fig. 1

3. (15%) Derive the attenuation constant, phase constant, complex intrinsic impedance, phase velocity,
and group velocity of low-loss dielectric.

4. (15%) As shown in Fig. 2, for a coaxial line operated in the TEM mode, find the EM fields, surface
current density on the inner and outer conductors, and the characteristic impedance.

Fig. 2

5. A1 GHz generator with Vg = 10 V and internal resistance 50 Q is connected to a lossless 50 Q
transmission line that is 1.3 meter long and terminated in a 80 — j*60 Q load. Find
(a) (5%) Voltage at the input terminal and at the load.
(b) (5%) Voltage standing-wave ratio and the average power delivered to the load.

6. Introduce
(a) (5%) Dipole antenna and antenna array.
(b) (5%) Antenna gain and half-power beamwidth.
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Figure 1: a standard feedback system
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DISCRETE MATHEMATICS

Note: There are 19 questions in total, each 4 points for the first 13 questions and each 8 points
for the remaining. For questions 1 through 13, each question has one answer. For questions 14
through 19, each question can have one answer, two answers, or more than two answers. One

quarter of points will be deducted for wrong answers.

1. How many positive integer solutions to the equation 4z + 7y = 1177 (a) 1; (b) 2; (c) 3; (d)
4. |

2. How many subsets of {3,4,5,6,7,8,9,10,11, 12,13} contain 3, 9, and 13? (a) 1024; (b)
256; (c) 512; (d) 762.

3. Suppose we have two functions f and g, with f(1) = 3, f(2) = 1, f(3) =4, f(4) =6,
g(1) =5, 9(2) = 3, g(3) = 4, g(4) = 1, g(5) = 3, and g(6) = 2. Which is the correct
mapping of the composite function go f? (a) go f(1) = 5; (b) 90f(2)=3;(c)go f(3) =1,
(d go f(4) =6.

4. Let LOVENSYSU be a string of 9 charactefs. How many different permutations of these
characters such that the two S’s are not adjacent? (a) 141120; (b) 362880; (c) 181440; (d)
40320.

5. Let A, B, and C are three sets. Which is incorrect about the difference set? (a) (A—B)—C =
A—(BUC); ) (A—B)—C = (A-C)— B; (¢) (A— B)— C = A= (BNC); @
(A-B)—-C=(A-C)—-(B-C).

6. Suppose A is a set with 21 elements. How many subsets of A can be obtained such that each
subset has 11 or more elements? (a) 131072; (b) 262144; (c) 524288; (d) 1048576.

7. Let f(z) = 223 — 70z — 9 and g(z) = 3z% — 10z — 2. A composite function go f o g(z) is
formed. What is the value of g o f o g(4)? (a) -5; (b) -2; (c) 2; (d) 5.

8. In how many ways can the letters in ANSYSUAA be linearly arranged such that Y and U
are not adjacent? (a) 1260; (b) 2520; (c) 5040; (d) 1400.

9. Let p, ¢, and r be primitive statements for which (p — ¢) — 7 is false. Which of the

following is false? (a) p A g A is false; (b) —p V ¢ V 7 is true; (c) 7 is false; (d) =-pAg VT
1

ﬁ%%%%ﬁa
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is true.

10. Let X = {1,2,3,4} and Y = {a, b}. How many onto functions can be defined from X to
Y7 (a) 8; (b) 11;(c) 14; (d) 17.

11. Let f(n) = > (2 + 9) for positive integer n and n > 5. Which of the following is
false? (a) The constant term of f(n) is negative; (b) f(n) is ﬁ polynomial of order 2; (c)
£(40) = 2044; (d) £(55) = 3519.

12. Which value is closest to the solution to log;o(3z%) — log,o 6 = 1? (a) -5.237; (b) -4.482;
(c) 4.983; (d) 6.329.

13. What is the sum of all the coefficients in the expansion of (3z — 5y)*'? (a) 1256; (b) -512;
(c) -2048; (d) -1024.

14. Let H(z) be a function of z:

H(z) = o~ I

2z

Which of the following are true for the expanded form of H(z)? (a) The constant term is

%; (b) There are 9 different terms; (c) The coefficient of the term with =2 is negative; (d)
The coefficient of the term with z° is -$2.

15. Suppose we want to generate randomly 8 bits, with O or 1 in each bit. Let £ be the event
of bit O being 1, E, be the event of bit 7 being 0, and Ej be the event of both bits 3 and

| 4 being 1. Which of the following are true? (a) The probability P(E;, E;) = £; (b) The
probability P(E;|E,) = %; (c) The probability P(E\, Es, F3) = %6; (d) The probability
P(E,|Ey, E3) = 3.

16. Assume that there is a recurrent relation A, = 24,_1 + 3, with Aq = 1. Which of the
following are true? (a) Ayy = 732694; (b) A2 = 16381; (c) Ag = 7381; (d) A5 is a
multiple of 3.

17. Suppose the frequency of occurrence for C is 1, for O is 2, for U is 3, for Nis 4, for T is
5, for E is 6, and for R is 7. We create a Huffman tree and find Huffman codes for them.
Which of the following are true? (a) The code for T is 101; (b) The code for U is shorter

than the code for T; (¢) The shortest code is one bit long; (d) The longest code is 4 bits long.

%a @ﬁﬁc | %ﬁ%‘%l‘ﬁ%ﬁi@
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18. Ttisknown that 12 + 22 + ... +n® = n(n+1)(2n+1)/6. Let H(n) = (1+3)>+ (2 +
3)%+... + (n+ 3)2. Which of the following are true about H(n)? (a) The constant term is
not 0; (b) The coefficient of the term with n is 163-’; (c) The coefficient of the term with n? is
22; (d) H(50) is greater than 50000.

19. Let P, ), and R be propositions. Which of the following are tautologies? (a) PV Q V R;
®) (P = Q)= (=Q = =P); () (PA(P = Q) = Q@ (PAQ)V (=P) V (-Q).
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Please note that all calculation answers must include the unit and calculation process.
1.

2.

(15%) We want to analyze the circuit of Fig. 1 to determine the collector voltage V¢, collector
current Ic, and emitter voltage Vi. The minimum value of B is specified to be 30. (5%*3)
(25%) As shown in Fig. 2, a bipolar differential amplifier utilizes a current source (i.e., a single CE
transistor Qs) to supply a bias current 240 pA, and current-source loads formed by pnp transistors (Qs
and Qu). For all transistors, § = 100 and early voltage [Val = 10 V. Find (a) gm of Qi, (b) differential
gain Aq, (c) input resistance of differential mode Riq and common mode Ricm, (d) CMRR(dB) if the
two load transistors exhibit a 1% mismatch in their ro. Thermal voltage is 25 mV. (5%*5)
(30%) A MOSFET differential amplifier as shown in Fig. 3 is biased with a current I = 1 mA. The
transistors Q1 and Q2 have W/L = 100, pnCox = 0.25 mA/V?, Vo =20V, Cg = 60 {F, Cg¢ = 15 {F, and
Ca = 15 fF. The drain resistors Rp are 5 kQ each. Rss = 25 kQ. Also, there is a 100-fF capacitive
load between each drain and ground. (a) Find the overdrive voltage Vov and gm of Q. (b) Find the
differential gain Ag and common mode gain Ajem if the drain resistors have 1% mismatch. (c) If the
input signal source has a small resistance Rsg and thus the frequency response is determined
primarily by the output pole, estimate the 3-dB frequency fu. (d) If, in a different situation, the
amplifier is fed symmetrically with a signal source of 20 kQ resistance (i.e., 10 kQ in series with
each gate terminal), use the open-circuit time-constants method to estimate fi. (5%*6)

(30%) Consider a bipolar active-loaded CE amplifier having the load current source implemented
with a pnp transistor, Let the circuit be operating at a 1-mA bias current. The transistors are specified

as follows: B(npn) = 200, early voltage Van =150 V, [Vapl =100 V, Cx =15 pF, C. = 0.4 pF, CL= 5|

pF, and base resistance rx = 200 Q. The amplifier is fed with a signal source having a resistance of 30
kQ. Determine (a) midband gain Aw, (b) input capacitor Cin and high-frequency response fi using the
Miller effect, (c) fu using open-circuit time constants, (d) the frequency of the transmission zero fz,
and (e) the gain-bandwidth product. Thermal voltage is 25 mV. (5%*6)

+5V Ve
1kQ
10 k€2 )__giz
10 kQ
-5V
Fig. 1. Fig. 3.
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1.

[20%] Translate the following C code to the minimum MIPS assembly instructions
int A[20], B[20];

i=0;

while (A[i]!=0 && i<20){

Bl[i] = A[i]+B[A[i]]+;

i+

}

At the beginning of this code segment, the only values in registers are the base address of arrays A
and B in registers $al and $a2. Assume that the value of i is stored in the register $t1.

[15%] Give answers to the following questions.

(a) (6%) We can use the execution time of programs to evaluate performance of a processor design.
Give equation(s) to explain how to formally calculate the execution time of a given program
for a target processor.

(b) (3%) For the MIPS program you wrote in Problem 1, assume the program is run with a MIPS
processor with 200MHz clock rate. Below is the number of cycles for each type of instructions.
In the worst case, how many ms (micro seconds) will the processor take to run your program?

Table 1: Cycle Information for Problem 2

Instruction Type | # Cycles
Arithmetic 1
Data transfer 5
Jump/Branch 2

(c) (6%) Give at least three strategies that we can use for a MIPS processor design to enhance its
performance and explain how.

[15%] Give answers to the following questions.

(a) (4%) Given a single precision IEEE 754 bit stream S: 1 01111101 00100000000000000000000.
What does this floating number mean? Write your final answer with decimal expression.

(b) (6%) Give definitions and examples of “overflow” and “underflow” for floating-point
representation.

(c) (5%) Multiply S and x (x=238.0625), and represent the result using IEEE 754 single precision
format. Also describe if overflow or underflow occurs.
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4.

[20%] For the MIPS processor architecture shown in Figure 1, assume we want to add anew

instruction below.

Instruction: LRA Rt, Rd (Rs)
Interpretation: Reg [Rtj]=Mem[Reg[Rd]]+Reg[Rs]

(a) (5%) Which existing blocks (if any) can be used for this instruction?

(b) (5%) Which new functional blocks (if any) do we need for this instruction?
(c) (5%) What new signals do we need (if any) from the control unit to support this instruction?
(d) (5%) Give the values of all the required control signals when the LRA instruction is executed.

Instruction [25-0]
S,

Shift\,

Jump address [31-0]

26 left2 o8

—

PC + 4 [31-28]

Add

4 —»

Read
address

Instruction

Instruction [31-26]

Control

RegDst
Jump
Branch

Add ALU

result
Shift e
left 2 ~

MemRead

MemtoReg

ALUOp
MemWrite

[ ALUSrc

RegWrite

Instruction [25-21)

Instruction (20-16]

[ =

19

Read
register 1 gaag

Read data 1
register 2

Write Read

register data 2

Read
Address data

[31-0] L p
i Instruction [15-11]] X
memory {

Instruction
. Write

data Registers

16 @\ 32
A

Instruction [5-0}

Instruction [15-0}

Figure 1: Architecture for Problem 4

[30%] Cache memory
(a) [6%] What are direct-mapped cache, set-associative cache and fully associative cache?

(b) [4%] Why do we need valid bits and dirty bits in cache designs?
(c) [8%] Draw the architecture of a direct-mapped cache with 4 blocks and explain how this cache

works as detailed as possible.
[12%] For a cache with 8 blocks, given the following reference addresses.

(d)
1,74, 39, 28, 21, 5, 7, 39, 20, 33, 1, 21
Identify the index and tag for these references of a direct mapped cache, a 4-way set

associative cache and a fully associative cache, respectively. Also, explain if each reference is a
hit or a miss, assuming the cache is initially empty and the least recently used block

replacement policy is assumed.
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13 B &k f(t) = e M, t € (—oo, 00) &9 Fourier transform 24772
(A)2/(1+w?) @B)e M (C)2cos(w) M)1/(1+jw) (E)1/(1- jw)

1 te[-1,1] . 2sin(w)
0 ¢ e (~o0,—1)U(l,00) & Fourier transform )ﬁf,_w__
1
R 3k () = / e=Tldr, ¢ € (=00, 00) # Fourier transform Z 72
-1
(A) 2sin(2w)/w  (B) 4sin(w)/(w+w®) (C) 0 @M)e ¥ (E) ekl /(1 + w?)

2. Bhaf(t) = {

3. £ K Del 5 F 2 V= Zi+ £j+ Lk o 3 BT St Bo845% o

AV x(Vp)=0> LPol RALG— 1638y -

B)YV-(VxF)=0" ﬁ-‘#l‘%ﬂﬁﬂ/ﬁ— AR BT o

OV - FxG)=G- (VxF)-F - (VxG)» L£4FiGhHRALL 566 T45 -

M)V - (pF) =V -F+ (V- F) £ Poh— il 65 565 663 355 P2 — 8 4 T8 04 & S5 55
(E) 24 _E(a) (b) (c) (d)4k itk % 4835 o

4. FE RS 74 g*ydz — zyPdy ZAA BT 0 R PCH— B E U T B Rz if 0548548
C

?+y*<4, 220, y>0-
A)-7m @B)Ver (C)-2r ®M)3r (E)—-2V3r

5. By FRR £0) +20) + (1 — z()2)z(t) =0 o 3P A F 4t & E g -
A) (z,z) = (0,0) % — & 34& £ T4 55

(B) %tk £2 XA 1A F4785 -

(C) &3 (2, 7) X AL AT » FAE X MRS KA -

D) ZwFT B A ER 2 Fﬁ4«%’2#ﬁﬁ§$%#ﬂfﬁﬁ:ﬁkﬁﬁ2ﬁ¥é}‘éu 20

(B) 24 _E(a) (b) (c) (d)4k it % 4832

6. AT B # Laplace transform (222 @ L(-)) #9453 » 47 B4tz -
(A) BREL(f) + L(g) =L(f +g) -

(B) AL ()RR RLT(f) + L (g) =L~ (f +g) -

©) %[ gk BL(f)=L(g)  Rif=g-

D) £ £ (2) (b) (c)dk ik bﬂé

(E) 5 E(a) (b) (c) (d)&k it %

7. AT Bi# Laplace transform (324 @ L(-)) &4k » {74 & E5% -

(A L(#3) = 1/s% «

(B) Fa > 0BL Y F(s)) = f(t) > BIL™ (e F(s)) = f(t — a)u(t — a) » E Fut)i L
w(t)=1, V¢t >0, u(t)=0, Vt<0-

(©) & f(0) =0 RIL(f) = S’L(f) -

D) L~ (F(s — a)) = e*L7(F(s))

(E) 24 L (a) (b) (c) ()& ikt % 5%
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TEESE RAFEZREARSFIRASL 20) + a12(t) + aoz(t) + az(t)® = u(t) -

8. M8k a1 =ap = =1 u(t)=0, Vi o HFRTHMATH  E5 -
(A) 4 2(t) 8 Laplace transform % Z(s) « BIZ(s)i% 252Z(s) + sZ(s) + Z(s) + Z(s)* = 0 =
(B) #i 2 XA =B-F 48 :

(C) KT (2,2) WE > TRAGBEHR -

(D) %5 42 XAEAT & 4840 18 60 FRAT 4 ith B B o R IE -

(®) 5 L(2) (b) (c) (DAL % 4437 «

9.18% a; >0, ap <0, a=0> u(t) =0, Vi o FF R TFHMATH 4 -
A ZrX g rE -

B) HnE IRy (2,2) > FRXNBEHEK -

©C) ERmralaitags-

D) #AZLIERE (2,2) Il > TRAGBEURHEE -

E) =4 B AL Alz(t) =0, Vi '

10. 483 a1 =0, ag >0, o =0 u(t) =0, V¢t ° 3P A F 73 E 5 o
(A) HAEAT (2,2) > FRXGBETHRKEE -

B) HWMEAT (2,2) 0l » FRXGBEGHRL -

(C) MW FE e JER (2,2) fE » FRXGBILHEE -

D) HREAT (2,2) 2 FREXBAREHH -

(E) #7 L ubskTey (2,2) Wl - TRXGBEEHK -

11 483% a1 >0, ag >0, o= 0> u(t) =0, Vt o 3B LA FRLuAT 4835 o
(A) HPMEAT (3,2) A > FREXGBH CRMEE -

(B) A3 R ey (2,2) 0 > FRAWBEEH -

(C) #af —4dao >0 RIAE T RANBEREAREIRL -

@) #a} —dao <0 RIAFFE FRANBEEHEERL -

(E) a2 — dag=0> RIF B G BEZMARE GHE |0 HAR G - -

L
A TAL

(A) FERXHBEHHIE - B) FRRAXBEeHH -
(C) X ZRUFBANF CHE w ML -

D) F R GBEEE—F R A w iR -

(E) 22 E(a) (b) (c) (d)4L it 2R42 35 -

12. 8% a1 >0, ap > 0, a =0 u(t) =sin(wt) > B(2,2) WAL E  FH AT 4 ATH EBE o

% 13 WA EM  AZMEE 0 85k 145

13. # B F R §(¢) + 29(t) +sin(y(t)) = u(t)

@ Q) Aul)=0 - REMFRTRIZBAEEYN (U,y) Wi -

(b) (4 %) A& Ltz Xk (9(0),y(0)) = (0,0) & (¥(0),y(0)) = (0, ) E @A E R MAL » FH &R
MALE e AR KX LR ER AT EX B ILaE -

() 8 %) #ELBAFinEA (¥(0),y(0) = (0,0) Z &MLy FEX - EZFEXMMAEY

u(t) = { L telL?] BEAE  HHMARXZBAN - BRI EERE

0 te(~o0,1)U (2 00)
;gi‘ @ﬁ % HAAFEEEE
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00 0 O
(@) (4%) Ifa,=[1 0 11" and a,=[0 —4 4]", find a, and a,.
(b) (6%) Let z=[1 2 ¥]" ¢ R(4). Find all possible values of y such that the distance (in 2-norm)
between z and N(A") is v/6 .
(¢) (5%) If x =[3 2 -1 1] solves Ax = b, find the solution to 4x = b that has the smallest 2-norm.

11 2 0
14. (15%) Let matrix A € R3*4 have its Ay = {0 1 -2 —1}.

15. (15%) Consider the vector space B, the set of all real coefficient polynomials of degree less than 3,
the inner product (f, g) = Iolf(t)g(t)dt forany f,geB.Denote S = {p P A | p(t) =t+c, =1<5¢c<1 }

(@) (5%) Describe S* as the span of a set of its basis composed of some monic polynomials, i.e.
polynomials with 1 as the coefficient of their highest degrees.

(b) (5%) Describe (S*)*.

(c) (5%) What is the orthogonal projection of p(¢) := #* —¢+1 onto the subspace (S*)*?

16. (10%) Let f(z) = z"*"" and C be the positively oriented unit circle |z| =1, and we’d like to
compute the contour integral [ f(z)dz.

(a) (4%) Let’s denote the complex number (—1+7)" as exp(a +ib) witha,b € R. What are a and b ?
(b) (6%) Since f(z) is a multiple-valued function, let’s consider the branch |z|>0 and
0 < argz < 27 . When denoting M = (=1+i)', please use M to express jc f(2)dz.

17. (10%) Use residues to compute the following improper integrals.
© ]
(a) (5%) Compute IO —(-mdx

(b) (5%) Compute [ (xlzn_l_)i)zdx.
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9. 8% a1 >0, ag >0, a=0"u{t) =0, Vit 3F AT 4k f7 F443% o
(A) W4T (2,2) Il » FRR GBI CRHKIE -

(B) AW F LI R (5,2) Il » FRAGBEEHK -

(C) #a? —4day> 0 B A FRAMBLEEETRE -

M) #al —4ay <0 RIFFEFRAGBEEEERAL -

(E) #a? —4dag =0 B FBXNBZIHRE R oy AR -

10. 3% a1 >0, ag >0, a =0 u(t) =sin(wt) » B(2,2) WEEE - FH T 4T Eak o
A) TRANHBREELHMIE -

B) TRy EEHH -

(C) FBRAZABHKREAINREHE w MEL -

D) 7B —EE2E w ik -

(E) A L(a) (b) (c) (d)4k it AT 483% -

TEE 11 ELRBAEROMSTERS
L'?z(t)J B [—,30 _,61:' L?z(t)J N LJ ul?)
1. A A= [—(,)80 _21} v z(t) = [z;gﬂ o 35 P AT L AT H EAE o
(A) z(t) sy e s bE e ey et B BA -
(B) e e i sttt R #2A8Y rank & B -
(C) Brige 88 » z(t)nF TAE ML £K °
D) Lo > 0 Allimy o et =0
(E) 2 k() (b) (c) (d)4k it 445 3% -

12. 2y(t) = —z2(t) » y(t), u(t)#y Laplace transform %] Y (s), U(s) > Bz(0) =0 > 3B A F 4k
fT A ERE o

A Y(s)/U(s) A—ERZEFEHSR  »BAHA_MEER > 2 FAFTH -

B) =06 >0, f1 > 0Bu(t)—F Mm% » Blylt) e —ELMA -

(C) %6 >0, fr=0Bu(t)B—FMIR%E > Rly@)eitsin(v/Bot +¢) " £ oL —EETE -
D) &6 =0, 1 > 0Bu(t)B—FHMHM3E > Bly@) 88 -

(E) 260> 0, /=0 Bl &Hul)BTREIBERZHENR > y)HREIN A B LFME -

E1I3BAFEE A=A E B 145

13. 2 B #AFRK §(E) + 29(t) +sin(y(t) = u(?)

(@ Q) Ault) =0 - BREAMARTRIZBEETY (v,y) W -

(b) (4 %) # LA ((0),y(0) = (0,0) £ (9(0), y(0)) = (0,7) E tmAnfE &4t » Bt
MALB My T RALSHSERET B A atE -

() @) F R ERTWESE (y(0),y(0) = (0,0) Z LMt FEX - ERAFEAGBAEL

1 tell,2
u(t) ={ B ERERE  FRTRAZBAMT - B EBE -

0 t€(-00,1)U(2,00)
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(@) (4%) Ifa,=[1 0 1] and a, =[0 -4 4], find a, and a,.
(b) (6%) Letz=[1 2 y]" ¢ R(4). Find all possible values of y such that the distance (in 2-norm)

between z and N(A") is V6 .
() (5%)Ifx=[3 2 -1 11 solves 4Ax = b, find the solutionto 4x = b that has the smallest 2-norm.

112 0
14. (15%) Let matrix 4eR™ haveits 4, = [O 1 -2 —1}.

15. (14%) Let a,b,ceR be different numbers and Z = {a,b, c} with operations "+" and "+", in
addition to obeying the commutative, associative, and distributive laws of real numbers, defined as
a+x=x,VxeZ (ie. a is the additive unit), and cex = x, Vx e Z (i.e. ¢ is the multiplicative unit),
respectively. Moreover, define b+c = a (then each element in Z has an additive inverse in Z). Let’s
also define V' = Z?, i.e. any element of ¥ is denoted by v = [v, v,J*, v,e Z for i=1,2.

(a) (2%) Write out V.
(b) (5%) Use the given definitions to show that a-x =a, Vxe Z.

(¢) (5%) Let’s denote y :=b+b. By knowing that b+b is the first term after expanding the product
be(b+c), use the given definitions to derive the value of y .
(d) (2%) What is the dimension of V' ?

16. (21%) Consider vector space B, the set of all real coefficient polynomials of degree less than 3,

the inner product (f, g):= _Ef(t)g(t)dt forany f,g € B. Denote S:={pEP3|p(t) =t+c, —IScsl}.

(a) (5%) Describe S* as the span of a set of its basis composed of some monic polynomials, i.e.
polynomials with 1 as the coefficient of their highest degrees.
(b) (5%) Describe (S*)* as the span of an orthonormal basis induced from the standard basis of it.

(c) (6%) Let matrix 4 represent the orthogonal projection of B onto (S*)* with respect to the standard
basis for A and the orthonormal basis for (S*)* obtained in (b). What is the 4 matrix?
(d) (5%) What is the orthogonal projection of p(f) := at*+ St +y onto the subspace (S*)*?
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1. BUF Bi# Laplace transform (322 @ L(-)) #94kitl » 48 A483% o

(A) BRL(f) +L(g) =L(f +¢) > (B) ZEMKLI()FHBRL(f) +L Y (g) =L (f +g)°
(C)#f, g sk AL(f)=L(g) Rlf=g-

(D) 24 E(a) (b) ()it % E4E »  (E) 22 L(a) (b) (c)(d)Ruid & 43R o

2. JATF Wi # Laplace transform (2.2 : L(-)) #94kik » 474 A B4 -
(A)L(®) =1/s3> (B)#a> 0L Y (F(s)) = f(t)° ﬁ‘JL‘l(e‘“BF(s))H-—— ft—a)u(t—a) £ ¢

u(t)@Ru(t) =1, Ve >0, u(t)=0, ¥t <0+ (C)f(0)=0" AL(f) = s2L(f) -
(D) L-Y(F(s — a)) = LY (F(s)) »  (E) 22 k() (b) (c) (d)4k it % iE. 5% <

3.8 RTIAT AR H R y(t) = —tPy(t)° s R - 174 Bgin o

(A) #y(0) <0 Al limeo y(t) =co°  (B) #y(0) >0 Al limyoo y(t) =0 °

(C) y(0) <0 Al y(t) REr A REFMAEYK - M) £y0)#0> MAEKMMERA —1@ -
(E) #£y(0) # 0 - A y(1) = y(0)/+/2y(0)2/3 + 1 -

4. F AT A F R K By(t) = —2y(t)° + t2y(t), t > 1 th4ak - 8 A E s -
(4) £ y(0) <0 Al limiooy(t) =0°  (B) % y(0) > 0 Al limp oo y(t) = 0 ¢

(O #y0) <0 8ly®t)<0, Vt>1> (D) y(0) >0 & limooy(t) = —00
E) £ y(0) <0 Rl y(t1) > y(ta). Vt1 229 > 1 -

S. My FIER EE) +2(t) + (1 —z(t)?)z(t) = 0 o 3FH AT 4Ll fT &2 sk o
(A) (2,2) = (0,0) 5 — BB L T8 - (B) S Fr X F HE-F4% -

(C) &ty (¢,2) XANMEAR > FREKXGBERBEHK -

D) FieF B X QAR 2 AR ZIMBEMMAKATZMER2 -

(E) 12 E(a) (b) (c) (d)dk it %482 o

F RS TR Z(E) + a12(t) + aoz(t) + az(t)® = u(t)  TEHEURTE 6 % 104

6.k oy =ag=a=1>ut) =0, Vo 3R KAATE S L5 o
(A) 4-z(t) & Laplace transform % Z(s) » B Z(s)ih s%2Z(s) + sZ(s) + Z(s) + Z(s)* =0 o
B) #ZHFT XA ZBTERE - (C) HNFIELRE (2,2) i » T RGN -
D) % B XIET R AN EYRF TR BwEE - E)RESE-

T 483 a1 >0, ag <0, a=0" u(t) =0, Vt ° 35 B SATF SHATH443R -
A) ZFRABGETEX ©  B) $RFLEER (2,2) Bl FEAOBEEH -

O £HHFTRANBELETH -

(D) #7 KRy (2,2) > FRANBERKIE - © S0EBE > Alz()=0, Vi

8.k ar =0, ag>0, a=0"u(t)=0, Vt o 3% 0 F4iti4T 2 E 5% o
(A) HAEAT (2,2) nfl > F RGBT ETRKEE -

(B) #H24T (2, 2) 04 » HA2 X M G585 -

C) #HNFEEIERY (2,2) 1 » FRAGBEKLIE -

D) HAEAT (2, 2) A4l > F A2 KB AREF R @854 o

(E) A FubJE B8 (2,2) il » P RAGBEEHR -
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KEk (F) EREAERE  FEHE -  BREREFAREERBRE
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Note: There are 19 questions in total, each 4 points for the first 13 questions and each 8 points
for the remaining. For questions 1 through 13, each question has one answer. For questions 14
through 19, each question can have one answer, two answers, or more than two answers. One

quarter of points will be deducted for wrong answers.

1. Suppose we have a byte-addressable machine, i.e., each byte is accessed via an address.
Let the locations for an array be allocated in a row-major manner, and each element of an
array takes 4 bytes. Assume that the address of the first byte of the array is 500 in all the
following cases. Which of the following is true? (a) The address of the element A[10}{30] in
an array declared as A[100][200] is 24586; (b) The address of the element A[10][20][30] in
an array declared as A[100][200][300] is 177899; (c) The address of the element A[10] in an
array declared as A[100] is 536; (d) The address of the element A[10]{20][30][40] in an array
declared as A[100][200][300][400] is 76457217.

2. Let a, b and c are variables. Which of the following is a postfix expression? (a) a/(b + c);
(b) xabc/+; (c) abc+ /; (d) /a + be.

3. Leta =3,b=28,c=6and d = 5. What is the value of the prefix expression — X ba + dc?
(a) 13; (b) 14; (c) 15; (d) 16.

4. The ADT stack can be defined by the following axioms:

(aStack.createStack()).isEmpty() = true
(aStack.push(item)).isEmpty() = false
(aStack.createStack()).pop() = error
(aStack.createStack()).getTop() = error
(aStack.push(item)).getTop() = item
(aStack.push(item)).pop() = aStack

For the following expression:
(((((((aStack.createStack()).push(1)).push(2)).pop()).push(3)).pop()).pop()).isEmpty()

what is the value returned? (a) an item; (b) a stack; (c) true; (d) false.
1
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5. Suppose a stack is implemented by a variable top and an array B[4]. Note that top denotes
the index of the last element pushed. Initially, the stack is empty. Then the following

operations are performed in order:
push(1), push(2), pop(), push(3), push(4), pop(), getTop(), push(5), pop(), push(6).

Which of the following is true in the end? (2) B[0] = 3; (b) B contains 4 integers available;
(c) An overflow occurred, so the operations could not be completely done; (d) top is 2.

6. Let the height of a tree be the number of nodes along the longest path from the root node to
the leaf nodes. Consider the integers 30, 41, 25, 29, 94, 37, 70, 23, 65, 75, 68, 67 in order
to create a binary search tree. Which of the following is true? (a) The node for 37 is a leaf
node; (b) The root node is 41; (c) The node for 70 has only one child; (d) The height of the
tree 18 3.

7. Consider a complete binary tree with exactly 5000 nodes, implemented with an array starting
from index 0. Suppose that d node has its value stored at index 999 in the array. What index
is the value stored at for this node’s left child? (a) 999; (b) 1999; (c) 998; (d) 2998.

8. Consider a tree with A as the root node. The left and right child of A are B and C, respec-
tively. The left and right child of B are D and F, respectively. The left and right child of
E are F and G, What is the order of the nodes processed in the pre-order traversal? (a)
A-B-E-D-F-G-C; (b) D-B-F-E-A-G-C; (c) A-B-D-G-F-E-C; (d) A-B-D-E-F-G-C.

9. Suppose we start with an empty max-heap of integers, and enter the numbers 20 through 30
into th.is heap in order. Let the resulting max-heap be stored in an array. What index is 28
stored at in the array? (a) 2; (b) 3; (c) 4; (d) 5.

10. Suppose we start with an empty max-heap of integers, and enter the numbers 20 through 30
into this heap in order. Let the resulting max-heap be stored in an array. Then remove the
root node from the heap. What index is 28 stored at in the array? (a) 4; (b) 3; (c) 2; (d) 1.

11. An empty hash table has a capacity of 13, and you insert six entries with keys 21, 16, 8, 10,
22, 34, and 49. Using linear probing and the hash function £%(13), what index 49 is stored
at in the table? Note that % is the remai:qder operator, e.g., (100)%(13)=9. (a) 0; (b) 5; (c)

11; (d) 8.
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12. Consider the integers 30, 41, 25, 29, 94, 37, 70, 23, 65, 75, 68, 67 in order to create an AVL
tree. Which of the following about the tree is false? (a) The node for 37 is a leaf node; (b)
The root node is 41; (c) The node for 70 has only one child; (d) The height of the tree is 4.

13. Consider the integers 30, 41, 25, 29, 94, 37, 70, 23, 65, 75, 68, 67 in order to create a 2-3
tree. Which of the following about the tree is true? (a) The node for 37 is not a leaf node;
(b) The root node is 41; (c) The node for 70 has only one child; (d) The height of the tree is
3.

14. Consider the following recursive definition for a language:
<word> = <plus>|<minus><word>|<word> <plus>
<plus> = -+
<minus> = —

Which of the following strings are in this language? (a) + + +; (b) + — —; (c) — + +; (d)
——+.

15. Consider an array A contaihing 10 integers 42, 3, 17, 22, 32, 7, 12, 74, 47, 8. We use
quicksort to sort the integers in ascending order. The first element of the underlying sequence
is used as the pivot. Which of the following are false after the first partition? (a) A[5] = 7;
(b) Al4] = 42; (c) A[8] = 47; (d) A[0] = 3.

16. Which of the following are true? (a) The worst-case running time for quicksort is O(n log n);
(b) No additional memory for array is required for quicksort; (c) The best-case running time
for bubble-sort is O(n log n); (d) The best-case running time for insertion-sort is O(n).

17. Consider an array A containing, initially, 12 integers 30, 41, 25, 29, 94, 37, 70, 23, 65, 75,
68, 67. We convert A into a maxheap. Which of the following are false? (a) A[2] = 70; (b)
A[5] = 68; (c) A[8] = 23; (d) A[11] = 30.

18. Consider the integers 30, 41, 25, 29, 94, 37,70, 23, 65, 75, 68, 67 in order to create a binary
search tree. Now delete 70 from the tree. Note that the replacement should be the least of
the numbers equal to or greater than the deleted element. Which of the fellowing about the
resulting tree are true? (a) The node for 75 has only one child; (b) the node for 65 has a left
child; (c) The node for 41 has two children; (d) The node for 65 is a child of the node for 94.

19. Which of the following are true? (a) The minimum height of a binary tree with 100 nodes is
3

HAEFHE LD




RSB SULE XS 23 ZER C PR L

FEHEE FHER [ERAFLHERE] I * 431004
KAABKMERE "I, ERH IS (B~ HEFRH) (BER) £4RF4R

6; (b) The minimum height of a tree with 15 nodes is 2; (¢) The maximum height of a tree

with 20 nodes is 20; (d) The maximum height of a complete binary tree with 200 nodes is 8.
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1.

A Lithium Jon battery module is rated at 12V/6Ah. Two modules in series connection are
discharged by 0.5C constant current for 0.5 hour. Determine the total energy supplied by batteries.
® - 144Whr

® -~ 72Whr
© - 36Whr
© - 18Whr

Current 2mA flows into two resistors 10kQ in parallel connection. Determine power consumption
for each resistor.

@ ~ 80mW
~ 40mW
© -+ 20mW
© ~ 10mW

DC voltage source 10 V is applied to a series RL circuit with parameters L=4H, R=10Q. Choose a
false statement.

@ -~ Inductor current is 1 A
» Inductor voltage is 10V
© - Resistor current is 1A

® - Resistor voltage is 10V

Determine impedance of a series RLC circuit with L=2H, C=1F, R=1Q) at @=1rad/s.
@ -~ 1-iQ

~ 1HQ

© - 1-0.5iQ

O - 1+0.5iQ

Determine the cut-off frequency of a series RC low-pass filter with parameters C=0. 5F and R=4Q.
® -~ 0.5rad/s

~ 1 rad/s
© ~ 2 rad/s

O - 4 rad/s

Determine RMS current of a load (impedance 10+j10Q) if applied RMS voltage 141V.
@ ~ 20A
- 14A
© -~ 10A
©®~0.7A

AC voltage 141cos(377t) V is applied on a resistor R=10Q2. Determine its average power.
@ ~ 1000W

~ 500W
© ~ 250W
O -~ oW
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8. AC voltage source 100cos(377t) V is applied to an inductor (100mH). Choose a false statement.

@ - instantaneous power is equal to average power
» reactive power is equal to apparent power

© ~ power factor is equal to 0

® - average power is equal to 0

9. Foran AC circuit, choose a false statement.
@ -~ an inductor consumes reactive power
~ a capacitor supplies reactive power
© - average power of an inductor is zero
© - apparent power of an inductor is zero

10. A delta-connected resistive load 100Q2 per phase is connected to a balanced three-phase three-wire
200V circuit. Choose a false statement.
@ ~ power factor is 1
» reactive power is 0
© - average power is 1200W
© - line current is 2A

11. A Y-connected resistive load 20Q2 per phase is connected to a balanced three-phase four-wire
voltage source. Line voltage is 173V. A neutral line with resistance 10€2 is connected between

source and load. Choose a false statement.
® -~ Load current is 5SA

+ Line current is 8.65A

© -~ Neutral current is 0A

® - Total power is 1500W

12. For an ideal transformer, voltage at the primary side and the secondary side are 500V and 100V,
respectively. Secondary side is connected to a 100Q resistor. Choose a false statement.

@ -~ output power is 100W
~ input power is 100W
© ~ output current is 1A
® - input current is 1A

13. Determine average dc output voltage of a half-wave rectifier applied by 100V RMS ac voltage.
@ - 141.4V
~ 100V
© ~70.7V
@ - 45V

14. Current is equal to 10+10 cos(377t)+10 cos(1131t) A. Determine its RMS value.
@ -~ 28.28A
® - 20A
© ~ 14.14A
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15. An ideal buck converter is operated in CCM mode. Input voltage is 20V, output voltage is 10V and
load resistance is 2Q. Choose a false statement.
@ ~ Average input current is 2.5A

» Average output current is 5A
© -~ Average inductor voltage is 10V
© ~ Average diode voltage is 10V

16. An ideal boost converter is operated in CCM mode. Input voltage is 10V and output voltage is 50V
and load resistance is 10Q. Choose a false statement.

@ ~ Average inductor current 5A
» Duty ratio is 0.8

© - Input power is 250W

© ~ Output power is 250W

17. An ideal boost-boost converter is operated in CCM mode. Input voltage is 10V and output voltage
is 20V and load resistance is 10Q). Choose a false statement.
@ - Duty ratio is 0.67
» Average inductor current is 8A
© - Input current is 4A
®© - Output current 2A

18. Determine the speed of rotation of a synchronous generator with parameters 480V/50Hz/six
poles/delta-connection.

@ ~ 600rpm

~ 1000rpm
© - 1200rpm
® ~ 2000rpm

19. A four-pole, 60Hz induction motor supplies 15kW to a load at 5% slip. Choose a false statement.
@ ~ Synchronous speed is 1800 rpm
~ Rotor speed is 1710 rpm
© -~ Rotor frequency is 3Hz
® - Load torque is 41.7N-m

20. A single-phase transformer is rated at 220/440V, 10kVA. Leakage reactance measured from the
low-voitage side is 0.24€2. Choose a faise statement.

@ - Base impedance at the low-voltage side is 4.84Q

» Base impedance at the high-voltage side is 19.36Q

© - Leakage reactance at the low-voltage side is 0.050 pu
® - Leakage reactance at the high-voltage side is 0.012 pu
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1. A doped semiconductor in thermal equilibrium in which the electrostatic potential (with respect to

intrinsic silicon) has been measured and found to be as indicated in Fig. 1.

Assume that 4, = 1000 cm?V-s and 14, = 550 cm?/V-s at 300 K.

(a) Calculate the electron and hole concentrations at x =0, 5, and 10 pum.

(b) Plot the electric field (with units) vs x for 0 <x <10 um.

(c) Calculate the electron drift current density at x = 5 pum.

(d) Calculate the electron diffusion current density at x = 5 um. (18%, 3%, 5%, 10%)

2. Consider the following symmetrically doped semiconductor-oxide-semiconductor structure in Fig. 2.

The thickness of the oxide is 100 A. The depletion regions are shown in the figure. Assuming V = 0 at

300 K. N = Np = 5%10'® cm™. Dielectric constants of Si and SiO; are 11.9 and 3.9, respectively.

(a) What is the built-in potential for this structure?

(b) What is the thickness of each depletion region?

(c) Sketch the electrostatic potential in equilibrium from one metal contact to the other.

Label your sketch. Indicate important potential values.

(d) Sketch the electric field in equilibrium from one metal contact to the other. Label your sketch.
(5%, 10%, 5%, 5%)

p-Si SiO, n-Si

'1 i |

¢(V) l > ,l
0.45¢ E ;
: — x(im) Yp Ya
0 5 10 o~
A\Z
Fig. 1 Fig. 2

3. An abrupt p-n junction with donor concentration = Np and acceptor concentration = N4. The diode is
very long so you can assume the ends are at x = positive and negative infinity. The diode is forward
biased. :

(a) Given that the excess electron concentration in the p-side during forward bias Vi is:
An(x) = npo[exp(VF/ V1) — 1] exp[(xp=x)/Ln]
Derive an expression for the electron current in the p quasi-neutral region in terms of the
appropriate parameters including the doping concentration.

(b) Without doing any more derivations, but by symmetry arguments only, provide an expression for
the minority carrier current in the » quasi-neutral region.

(c) If there is no recombination or generation in the depletion region, mathematically show that the
electron and hole currents must be constant in this region, and obtain these constant values.

(d) Derive the expression for the total current using your results from above. (10%, 5%, 10%, 5%)

4. The phonon-limited mobility increases with decreasing temperature roughly as pph ¢ T 72, If pph =
1500 cm?/V-s for a 1 um long Si sample at 300 K.
(a) Calculate the drift velocity of electrons in Si at T = 90 K for a field of 10? V/cm.
(b) Calculate the transit time of the carrier if we applied voltage of 3 V at 550 K. (3%, 6%)
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