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Please note that all calculation answers must include the unit and calculation process.

1. (20pt) Figure 1 is a summing op-amplifier to produce the output vy = —10v; — 4v; + 5v;3 + 2v;.
The resistors R; = 20 kQ and Rz = 80 k€. The op-amplifier is ideal. Please determine the values of|
resistors Rz, R4, Rs and Re. (5pt*4) ‘

2. (30pt) For the circuit shown in Figure 2, the transistor parameters of Qi and Q2 are: Vi1 = V2 =
12V, paCoxW/L = 1.6 mA/V?, and neglect channel length modulation effect. Let R1 + Rz + Rz = 300
kQ and Rs = 10 kQ. Vpp =15V, —=Vs =—5 V. (a) Please determine the Ri, Rz, R3 and Rp such that DC
current Ip = 0.4 mA and DC voltage Vps1 = Vps2 = 2.5 V. (b) If Rsig = 40 kQ and Rp = 2.5 kQ.

find the voltage gain vo/vsig and input resistance Riy of small signal. (5pt*6)

3. (25pt) The circuit configuration to be designed is shown in Figure 3 and the vo/vs = —40. Assuming 3
=100, Vec =5V, =Veg =5 V, Rsig = 10 kQ, Rg = 100 kQ, Vgg = 0.7 V, and neglect Early effect.
Thermal voltage Vr = 26 mV. Please find the value of Re, Re1, Rz to achieve DC voltage Ve =4 V
and I = 0.2 mA. And calculate the corresponding values of the AC voltage gain vo/vsg, input
resistance Rin. Coupling capacitor Cc is large enough that can be treated as short circuit for AC
analysis. (5pt*5)

4. (25pt) For the circuit shown in Figure 4, the parameters are: Vec =5 V, =Vee = -5 V, Rsig = 0.1 k€,
R1 =40kQ, R2=5.72 kQ, Re = 0.5 kQ, Rc =5 k€, and Ry, = 10 kQ. The transistor parameters are: 3
=150, Vgg = 0.7 V, neglect Early effect, Cz = 35 pF, C = 4 pF, Cc = | pF. Thermal voltage V1 =26
mV. Please determine the lower and upper corner frequency (fu and fu), midband gain vo/vsig. (10pt,
10pt, 5pt)
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Coupling capacitor Cc is large enough that can be treated as short circuit for AC analysis. Please also|
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GaAs: bandgap = 1.42 eV; dielectric constant = 12.4; electron affinity = 4.07 V;
effective density of states in conduction band = 4.7 x 107 cm™;
effective density of states in valence band = 7.0 X 10*® cm’

1. Consider an n-channel MOSFET with 15um gate width and 2pum gate length. The oxide capacitance is
6.9 x 1078 F/em?. If the MOSFET is operated in a non-saturation region with a drain-to-source
voltage Vps = 0.1V. The drain current Ip = 35 pA at gate-to-source voltage Vs = 1.5V. When Vgs =
2.5V, Ip =75 pA. Determine the (a) electron mobility (b) threshold voltage (20%)

2. Consider a contact between tungsten and n-type GaAs. The metal work function of tungsten is 4.55 V.
Assume the GaAs is doped to a concentration of Ny = 3 X 10'° cm™ and the metal-semiconductor
diode is operated under zero bias. Determine the (a) theoretical barrier height (b) built-in potential
barrier (¢) maximum electric field (20%)

3. An npn silicon (g, = 11.9) bipolar transistor (shown in Fig. 1) at T = 300K has uniform dopings of]
Np =10 em, Ny = 10*7 ecm™, No = 5 x 10%® cm™. The transistor is operating in the inverse-
active mode with Vg = —2 V and Vg = 0.565 V. (a) Determine the minority carrier concentrations

atx = xg and x”" = 0 (b) If the metallurgical base width is 1.1 um, determine the neutral base width
(20%)

Emitter Base Collector
-n- -p- -n-
_Pclx”)
nB{X » . i
. - __p_f‘l_ TS ;{" - Pco
PlC) S
X=Xz X"’=0

Figure 1: An npn silicon bipolar transistor

4. Consider an n-type semiconductor at T = 300K in thermal equilibrium. Assume that the donor
concentration varies as Np(x) = Nppexp(— %) over the range 0 < x < L where Npg = 106 ¢cm™ and

L = 10 pm. (a) Determine the electric field as a function of x for 0 < x < L (b) Calculate the potential
difference x = 0 and x = L (with the potential at x = 0 being positive with respect to that at x = L)
(20%)

5. Consider a GaAs pn junction initially biased at 0.7V at T = 300K. Assume the temperature increases to
T = 330K. Calculate the change in the forward-bias voltage required to maintain a constant current
through the junction. (20%)
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1. Letxandy be nonzero vectors in R, n = 2. Suppose X and y are not orthogonal, i.e. xTy # 0. Let
A = xy”. Which of the following statements are true?
(A) 0 is an eigenvalue of A.
(B) xTy is an eigenvalue of A.
(C) x is an eigenvector of A.
(D) The number of linearly independent eigenvectors associated with eigenvalue 0 is n — 1.
(E) A is diagonalizable.
2. Let A and B be square matrices and « be a real number. Which of the following statements are true?
(A) det(A?) = det(ATA)
(B) det(BTA) = det(ATB™)
(C) det(aA) = « - det(A)
(D) det(A + B) = det(A) + det (B)
(E) Swapping two rows of A will not change its determinant.
3. Consider the linear function L: R?* = R3. Suppose L(x;) =y; fori = 1,2,3,4, where
L d 2 3 il 0 1
1 B e e o o e e R e |
-1 0 1 2 0 -1 -1
Suppose L(x,) = [c, ¢5, ¢3]7. Which of the following statements are true?
A)ec;=1B)c;=2 (C)cy; =2 D)cy; =3 (E)cz =-3
4. LetA € R™™, R(A) denote the column space of A, and N(A) denote the null space of A. Which of
the following statements are true?
(A) There exists a nonzero vector y € R™ such that ATy = 0 and y = Ax for some x € R™.
(B) For every y € R(A), we can always find some x € R(AT) such that y = Ax.
(C) Let p be the orthogonal projection of y € R™ onto R(A). Then, y — p € N(AT).
(D) Let y be a vector in R™. If y € R(A), theny € N(AT).
(E) The intersection of R(A) and N(AT) is the empty set.
5. LetE = {vy,V,, 3} be a basis for a three-dimensional subspace S of an inner product space V.
Define ||v|| = \/{v, v). Suppose E is an orthogonal set with [|v; || = V2, [[v5]l = V3, |lv]l = 1. Let
x =5v; + 1v, — 3vz and y = 1v; — 3v, — 2v3. Let p be the orthogonal projection of x onto y, and
suppose p = ay, where a is a scalar. Which of the following statements are true?
(A) xy)=7
(B) (x,y) =8
(Ca=7/33
(D) a =8/14
(B) lIx|l = 62
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6. LetA € R>*3 and nullity(A) denote the dimension of N(A). Suppose nullity(A) = 2. Which of the

following statements are true?

(A) rank(AT) =3

(B) nullity(AT) = 4

(C) Let A = [a,, a5, @3], where a,, a,, a3 are column vectors of A.

Then a; and a, are linearly dependent.

(D) The linear equation Ax = 0 has infinitely many solutions.

(E) The linear equation Ay = d cannot have a unique solution for any d € R3.
7. Let B, denote the set of all polynomials of degree less than n. Which of the following statements are

true?

(A) Suppose V4, V,, V3 are linearly independent vectors in Py. Then v, v, v5 span Ps.

(B) If v4, v,, v3 are linearly dependent, then Span(vy, v,) must be equal to Span(v,, v3).

(C) P, is a subspace of P;.

(D) If v; + v, + v5 equals the zero polynomial, then vy, v, v3 must be linearly dependent.

(E) If vy, vy, ..., vy, span a vector space V, then vy, v,, ..., V;,, must be linearly independent.
8. LetA € R**3 and

1 1 1 E
N(A) = Span( 1 )7 R(AT) = Span(vlfVZ)s vl = 2 ) VZ = _1 3 b = 2 .
-1 3 0 1

Let p be the orthogonal projection of b onto N(A). Suppose b — p = av; + Sv,. Which of the

following statements are true?

(A)9a =8 (B)%a=9 (C)9B=7 D)9 =8 (E)9a+9B8 =15
9. Define a mapping L: R? — R3 by L(x) = Kx, where K € R3*3. Suppose that E = {p, Kp, K?p} is

an ordered basis of R3, and K3p — 5K?p + 7Kp — 11p = 0. Let A be the matrix representation of

L with respect to basis E. Suppose

11 Q12 43
A= (01 Az 0Ap3).
Q31 dzz d33

Which of the following statements are true?

(A)ays +az +az; =1

B)ag; +a;; +a;3 =1

(© a3 = 11

(D) asy = -7

(B)az =1
10. Let S be the transition matrix from {v;,v,} to {u;, u,}. Suppose

B3 b5 _[2 _[I1 _[a _[€
s=[i Zpw=llu=Glw=[v=[d
Which of the following statements are true?
A)a=-1B)b=2 (C)c=3 D)d=4 (Eya+b+c+d=23

HABFELEMUE  FEETORTAA
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Problem 1 (18%) The block diagram of a control system is displayed in Fig. 1.

u(t) 1 + 5(0) 1 xz(t)_ilc y
s+1 _ s+2 ! ¥
J 1
2

Figure 1: Control system of Problem 1.
(a) (8%)Write the dynamic equations of this control system in state space form. i.e.,
x(1) = Ax(2) +bu(t), y(t)=ex(f)+du(t)

Is this system controllable or observable?

(b) (5%) If the control system is not controllable (or not observable) in part (a), is it possible to
reassign the state variables so that it becomes a controllable (or observable) system? If your
answer is yes, then reassign the state variables and recheck the condition of controllability and
observability.

(c) (5%) Is it possible to assign the state variables so that the system is both controllable and
observable? Give the reason.

Problem 2 (22%) Consider a control system with the following loop transfer function

L(s)=—K—2, —0<K<w,
(s—=2)(s"+4)
whose Nyquist path is shown in Fig. 2.
jm A
joo s —plane

Figure 2: Nyquist path of Problem 2.

(a) 1. (6%) Sketch the Nyquist plot of this system for K >0 in accordance with Fig. 2.
1I. Indicate clearly each mapping of point a:(2%) (0+ jo,®—"), b:(2%) (0+ jo,®— 2%
- ¢c:(2%) (j2+ee’t, e —> 0,06 > 0),d:(2%) (0+ jo, ® —> 27) and e:(2%) (® = 0) in your plot.
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(b) (6%) Suppose that the Nyquist plot (K >0) in part (a) is depicted in Fig. 3, and it has an

intersection with axis Re(L(s)) at K. Using Nyquist criterion and Fig. 3, determine the range of

. K <0 such that the closed-loop system is stable. If the system is unstable due to the range of X,
find the number of closed-loop pole(s) in the right-half of s-plane.

Im[L(s)]
R—
X (jo) =100
Re[L(s)]
R

Figure 3: Your answer in Part (a) of Problem 2.

Problem 3 (10%) Consider an unstable plant with PI controller depicted in Fig. 4, where Ky o8s
o and input signal » are all constants.

—
VE

a

A

Figure 4: Control system of Problem 3.

One wants to design the PI controller and feedback gain o to stabilize the overall controlled system
and to meet the following requirements:

(i) The controlled system has to be asymptotically stable.
4.5¢

(i) Settling time ¢, = <0.45, where £ and ®, are dampin ratio and natural frequency of a

h

second order system respectively.

1
iii) Damping ratio £ > —
(iit) ping € 5

(a) (7%) Find the relationship among o , K , and K, in order to satisfy the above three
requirements.
(b) (3%) In addition to the specifications (i) to (iii), another requirement is that the steady-state error

e() £ y()—r() due to a unit-step input function is less than 0.01. According to this
requirement, write down the mathmethical constraint(s) of o, K , and K.
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Problem 4 (30%)The dynamic equation of a DC motor is described by

J%Jr Bo(t)=Ki({-0.01),

where i(7) is the driving current and @(¢) is the angular velocity of the motor.

(a) (10%) Derive the transfer function from the current i to the angular velocity @ .

(b) (10%) Is it a minimum-phase or non-minimum-phase system?

(c) (10%) The motor’s torque constant K is assumed to be 0.1. Given the unit-step response in Fig. 5,
estimate the values of J and B.

Step Response

10
o] SEEITEER. ,,,,,,, ,,,,,,,,,,, ........... : .......... ......... C 1 C2 R2
T
g B e R e e — | R,
£ : : - s = + +
< dfmefirerirennnanangrrrrnnr e e R A = I/: VD
° o
2 =
o} : ; i
0 1 2 3 4 5 6
Time (seconds)
Figure 5: Waveform of @, given a unit step . Figure 6: PID controller

Problem 5 (20%) An operational amplifier in Fig. 6 is used to implement a PID controller

M: —(2.5 +@+0.01s),

Vi(s) s

Given R,=5 kQ and C>=1 pF, determine the required values R; and C1.

HRAHHAEE > FYETEAREAA
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Problem 1. (5%) TRUE or FALSE: Decide whether or not the following statements are True(O) or
False(X). You do pot have to justify the answer. Each correct answer is 1 point, and each incorrect one is

=3 points (until you get 0 points in this test). If you choose not to answer, you get 0 points for each.

A) If i and j belong to a ring, then (i +/)? = i + 2ij + j?

B) Every cyclic group is an abelian group but not every abelian group is a cyclic group

C) A normal subgroup is a monoid with the same number of elements of the original group
D) For any finite-dimensional commutative local algebra L over a field F, L is self-injective
E) A clique of an undirected graph G is a complete subgraph of G

Problem 2. (5%) 2003 is a prime number. Find out how many square numbers are the factors of
2003°". You will be awarding —2 points for the incorrect answer(until you get 0 points in all the
problems of this test). Please justify your answer. Otherwise, you get 0 points.

A)0
B) 1
C) 44
D) 1002
E) 2003

Problem 3. (5%) Let x = (1,3,5)(1,2) and y = (1,5,7,9) € Group G. Please calculate x™'yx. Please justify
your answer. Otherwise, you get 0 points.

Problem 4. (15%) There are two apples and four oranges. You would like to buy three of them, but at
least one apple should be selected. Please show that how many choices you have. Please justify your
answer. Otherwise, you get 0 points.

Problem 5 (15%) Assume that ¢: R — R is a function that satisfies
p(p(@)=a?>~a+1,
where a is a real number. Find ¢(0). Please justify your answer. Otherwise, you get 0 points.

Problem 6 (15%) Given an equation xy + x + y = 2004, where x (>0) and y (>0) are both integers,
find the solution(s). Please justify your answer, Otherwise, you get 0 points.

Problem 7 (15%) Find F(#) that satisfies the following recurrence
F(n)=5F(n—1)—6F(n—2).

Please justify your answer. Otherwise, you get 0 points.
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Problem 8 (25%) Apply the Depth-First Search algorithm to find out the traversal order, where the

€,

vertex “a” is the start, and the vertices with lower adjacent weights should be visited first. Please justify
your answer. Otherwise, you get 0 points. Hint: Use a stack.
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1. [ 155) RMAEFF/Eheap e B — & heap R F| BN » HFEAL LTS AR
$o #EAMEE T EEHMEA ] priority 875 ) B4 0 #4778 4§ heap 72 58 prority & &
B LFEMIIR MR 218 > heap R 7|72 3E 69 79 5 B 17 7 & i heap [ %) 32 58 418 index 89

A% -

B — :

index ®© 1 2 3 4 5 6 7 8 9 18 11 12
WA [ 3 ] 4 ] 6 { 7 ‘ 5 } 8 ] 7 | 10 | 16 ’ 11 | 12 I 16 | 15

2. [wA155) #BEFAH (infix) EEX 2 * ((13-6/2)*(7+6))
Fir B % 5 (postfix) EH K, -

3. [#bA820 4] Bl =% doubly linked list & # & 4% » H ¥ 518 Node &4k &4 = B4
Tprev -~ key - next | ; BEEMR > FTH 4 Node iy &% :

struct Node {

Node* prev; // #5/EEj—1E Node
int key;

Node* next; // F5[5 —1i Node
}s

A > qo B = 0 4% —18 doubly linked list » #2358 #,4- 5 18 Node ; Node #3 6h 3 F & %
Node # key Mg - FH H — B2 A AN 1 ayE2 1% > RRE —EEF 118
Node» H 1< i<5.

310 —4258 0 F 118 Node A 35424 #t head 745 249 Node » % 5 18 Node 2 #5454 ¥
tail A7dE 2|4y Node ; NULL %57~ 22454% (null pointer) -

E2: REARXBDEHALRAEE » FALAU 053 E -

B —
head tail
— R ——p —I—p —
NULL | o] |1 ] |2 1 |3 ! |4 s NULL

prev next prev next prev next prev next prev next
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4.

6.

[ sh7E 20 5 ) £2 18 = FAo7 84 tree 458 » 518 node 72 58 &) 3t X F 5 4 3% node &9 key & » %
P18 3% root &9 key 18 % a » & %495 4% breadth-first search (BFS) ~ preorder ~ inorder ~
postorder =& 5 #& 35 [B] = &9 tree BF » nodes #FE 84 R 5 A4 7

[28 1545 ] BEw#—1M@ AVL tree » 18 node 47— Z#} > node EE e #F » KA T
W) key {& ; root 4 key 1% 42 - £ T key {84 42 89 B4, 244 85 AVL tree -

(sbRg 15 ) 3] A7 se bt 47 60 7 R M8 3446 & capacity » %1 & (vector) & —#&fei%
capacity 8y £ 3] - 494k @ & ~ open addressing ~ linear probing &9 # &, K 4f hash table » i
{45 load factor & % % 0.6 ; sb4b » 5 R #4T rehashing BF » &) & &Y capacity Zi#E3¥ & T A%
J7 A capacity 8 1.5 4589 &8 $0 o B A& A7 E %\ hash table 89 E ok » key {5 % E %5
# > it A hash function % h(key) = key%capacity : b4} » F4F hashtable 8915 & » &
capacity 89 AL 46 {E B 5 A B - ERPRFIe key @5 54-23-41~57~19-36-47 %1%
#HE A\ hash table 2 7% > hash table 9 B AT ? T B —F TR REMMAMRE -
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1. (10pt) A capacitor 100uF with initial voltage 100V is discharged to 50V by a resistor 10Q2. Determine
the discharged time and energy consumption on the resistor.

2. (10pt) The voltage across a load and the current through it are given by v(t)= 100cos(100t) V and i
(1)=10cos(100t-30°) A, respectively. Find:
(1) RMS value of the current. (5pt)
(2) Power factor of the load. (5pt)

3. (10pt) A 3-phase 3-wire balanced source 220V system supplies a three-phase balanced load SkVA at
0.866 power factor lagging. Find line current and load impedance.

4. (10pt) For figure 1, determine input impedance and the output voltage.
_ 7110 30
55 28 ]
|1 I\M \[\/ | L
1T ° = I +

10£0°V
(-!-)lr > i50 i3Q 3Q Vo
I
I

L
[ Zin
Figure 1

5. (10pt) Determine the transfer function and corner frequency in the figure 2.

Figure 2

6. (10pt) For the s-domain circuit in figure3, determine the transfer function and v, (2) if vs (1)=cos2t.

1Q 0.5s
AN 5k § § T
_|_
Vs @ 103 0% V,
Figure 3
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7. (10pt) Figure 4 is a resonant circuit with Vg=10V, C=1uF, L=1uH. Initial capacitor voltage is 10V.
Find initial inductor current (positive value) to result in zero minimum capacitor voltage.

_I_

Vv

c
I

I
I
C

v, ¢ L3y

Figure 4

8. (10pt)A buck converter is with the following parameters: Vin=20V, Vout=10V, switching frequency
10kHz, output power 100W. Determine the minimum inductance for the converter operated in CCM
and current ripple on the inductor.

9. (20pt)Find state-space representation of the circuit in Figure 5 and determine its transfer function.
Take R=1(}, C=0.5F, L=0.5H.

L
YN

Vm(i) R_? c::;kg

Figure 5
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1. [20%]
A, (2%) What is the design idea of a multicycle processor?
B. (4%) What are the advantages and disadvantages of a multicycle processor?
C.  (8%) Draw the hardware architecture of a multicycle datapath of a MIPS processor.
D. (6%) What are the differences between the hardware architecture of a multicycle MIPS

processor and that of a five-pipeline-stage MIPS processor? Please also explain why these
differences are necessary.

2. [20%]

A.  (3%) What is dynamic branch prediction?

B. (3%) How to deal with the situation when the prediction is inaccurate?

C.  (9%) What is the state diagram of a 2-bit dynamic branch predictor? How to implement this 2-
bit dynamic branch predictor?

D. (5%) How can this branch predictor be integrated into a five-pipeline-stage MIPS processor?

3. [20%]

A.  (3%) What is virtual memory?

B.  (3%) What is TLB (translation-lookaside buffer)? Why do we need TLB?

C.  (9%) Draw the architecture of a virtual memory based on TLB and explain how this architecture
works.

D. (5%) What are page faults and TLB misses? How to handle pages faults and TLB misses?

4. [20%]

A.  (4%) (1) Draw the hardware architecture of a 32-bit unsigned multiplier by using only one 32-
bit ALU, one 32-bit register, one 64-bit register, and one control circuit. (4%) (2) Explain the
operational flow of this multiplier. (2%) (3) What are advantages and disadvantages of this
multiplier design?

B.  (4%) (1) Draw the hardware architecture of a faster 32-bit unsigned multiplier based on loop
unrolling. (4%) (2) Explain the operational flow of this multiplier. (2%) (3) What are
advantages and disadvantages of this multiplier design?

5. [20%] Explain the following terms:

A. (4%) Big Endian

B. (4%) Write-back scheme of a cache

C. (4%) Non-volatile memory

D. (4%) Out-of-order execution

E. (4%) Floating point
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1.

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

(4%) (b) O = VV-(ae)d?, where V'is a scalar function,d? & 1E & 7 &y ar 2/ 848 o () E R ?
(4%) (c) #| A Divergence theorem for V-E & F Efv Q (A % ¥ 4 — charge Q)# 44 » and

(4%) (d) #] F Stokes’ theorem for VxB & F B v I (& % ¥ 4 — current )& i 1% °

(4%) (¢) /£ Z H Divergence V'A & Curl V X Al (A B — 1w &37) * KIBFOBHRBRLA
Ao FE AR & F AT IR A 7

(5%) Using the Method of Image, write down the potential distribution, V(x, y, z), for a point P(x, ,
z) in the space, Fig. 1, the dielectric constant of the space is &. Q is a positive point charge of Q & 4
Coul.

Pa V(X, v, 2)
goi d! 0)

¥

Grounded
plane conductor

[ e ,E, e X

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

4 dielectric constant 2 & (=1+X.) &) dielectric R #F 2 E3F 5 E(V /m)

(3%) (a) 35 ] Polarization vector P %457 ? & relative permeability % g (=1+Xm)#) — ferromagnetic
material S dy 4L BB E R 0 A E NI A A A H(A/m)

(3%) (b) 3% ] Magnetization vector M & 4] ?

(3%) (c) gR &y HEMARATF » & &) permittivity e Fv permeability u & B 47 ? 25§ B 32 R 64 32 Fd -

2TE F
For a coaxial transmission line shown in Fig. 2, the capacitance per unit length is ¢ = bo [_m]’
In—
a

‘&‘i‘&lné

. - E] At high frequencies, the internal
T 2w a

and the inductance per unit length is £ =

inductance drops off (that is, approaching 0, and you should know which term is the internal

inductance).

(4%) () Find the characteristic impedance of the coaxial line Z, = ‘E at high frequencies 3% #5 54 ##

internal inductance €4% » 3 % Z. 2 B4 (B f§4L/H/F) -
(4%) (b) 3% ] 42 3b(Ground, Bp 4% b ka8 3F 5) 2 549 magnetic flux density B 48 247 ?

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

2meg [ F ]
lnﬂ m '
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(4%) (c) Find the external inductance L for such a transmission system in air using a quasi-TEM

property L-C = go* .

4

b
L

Fig. 2. Coaxial cable side and cross-sectional views, #882% 4 4% % b, Ground

(4%) (d) Using the result from a), along with the per unit length external inductance found in c), write
down the internal & external inductance for the conductor system shown in the Right of Fig. 3.

ya

“n 4
T@ @ Conductor 1
b &

COCERBEAET - :

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. (10%) A right-hand circularly polarized wave represented by the phasor E(z) = Eo(ax-jay)e?” is
incident normally from air onto a perfect conductor at z = 0. Find the induced current on the
conducting wall.

6.  (15%) An air-filled axb (b < a < 2b) rectangular waveguide is to be constructed to operate at 5.8 GHz
in the dominant mode. We desire the operating frequency to be at least 25% higher than the cut-off]
frequency of the dominant mode and also at least 30% below the frequency of the next higher-order
mode. Give a typical design for the dimensions a and 5.

7. The open-circuited and short-circuited impedances measured at the input terminals of a lossless
transmission line of length 1.5 (m), which is less than a quarter wavelength, are —j54.6 (€2) and 7103
(Q), respectively.
(15%) (a) Determine Zo, a, and 3 of the line.
(10%) (b) Determine R, L, G, and C of the line.
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1.

(30%) Short answer questions.

(a). (10%) Explain the sampling theory.
(b). (10%) What is the Nyquist criterion?
(c). (5%) What is color noise?

(d). (5%) Explain why the matched filter is optimum in the additive white Gaussian noise (AWGN)

channel.

(25%) Consider a signal x(f) whose Fourier transform is expressed as
X(jw)y=ow)+o(w—m)+o(w-2),
and assume
h(t) =u(t)—u(t-2),
where u(?) is the unit step function.
(a). (10%) Is x(7) a periodic signal? Justify your answer.
(b). (5%) Compute the Fourier transform of A(7).
(c). (10%) Is x(¢)*h(f) a periodic signal? Provide your reason.
(5%) Consider a signal x(¢) =u(t+1,)—u(t -1;), Whgre u(?) is the unit step function. Performing the

impulse-train sampling on x(¢), we can have x,(f) = Y x(nT)&(t—nT). What is the sampling period
so that x(#) can be perfectly reconstructed by x ,(¢) 2"

(10%) Assume that we have a complex-value Gaussian random variable Z =X+ jY , where X and Y
are independent identically distributed random variables with zero mean and variance o’ . Suppose
W =Ze’* with a fixed value of ¢. Show that W and Z have the same joint probability density
function (PDF).

(10%) Assume that p, (t) and p, (t) are two orthogonal complex waveforms.

(a). (5%)Let ¢ (1) =p, (1)’ and ¢, (t) = p, (1)’ . Prove that ¢ (¢) and ¢,(r) are orthogonal
for any f,.

(b). (5%) Let p,(t)=p,(t—T). Show that ¢, (1)=¢ (¢~T) as f, is an integer multiple of 1/7.
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6.

(20%) Consider a simple communication system that contains a single antenna at the transmitter and
M antennas at the receiver. The received signal at the mth antenna with a binary transmitted signal

can thus be expressed as
ym =uhm+wm’

where u = ta is the transmitted signal, /4, is the gain of antenna m, and w,, is the associated AWGN

with zero mean and variance o’ . Herein, u, w,,..., w,, are mutually independent. Collecting y,,...,

¥,, into a vector, we have

y=uh+w,
where y=[y, - »,|,h=[n - h,J andw=[w - w,].

M
(a). (5%) Combine all y,’s with the coefficients ¢, , £ = 1,....M . We have Y :Zcmym =c'y.

m=1

Decide the maximum likelihood detector for # given the observation Y.

(b). (5%) What is the error probability P, of the detector in (a)?

1 = u’
Hint: You can use O-function, where O(x)=—| exp| —— du.
- 0()=7=!, % 2}

(¢). (5%) Explain why changing a¢ to ¢ for some nonzero scalar does not change P, .
P y e

(d). (5%) Compute ¢ so that P, is minimized.

e
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Let x and y be nonzero vectors in R™, n > 2. Suppose X and y are not orthogonal, i.e. X"y # 0. Let
A = xy". Which of the following statements are true?

(A) 0 is an eigenvalue of A.

(B) x"y is an eigenvalue of A.

(C) x is an eigenvector of A.

(D) The number of linearly independent eigenvectors associated with eigenvalue 0 is n — 1.

(E) A is diagonalizable.

Let A and B be square matrices and a be a real number. Which of the following statements are true?
(A) det(A?) = det(ATA)

(B) det(BTA) = det(ATBT)

(C) det(aA) = a - det(A)

(D) det(A + B) = det(A) + det (B)

(E) Swapping two rows of A will not change its determinant.

Consider the linear function L: R* —» R3. Suppose L(x;) =y; fori = 1,2,3,4, where
1 1 2 3 1 0 1

0 rxzz[z —1:|1X4=l3 =Y1=[1 FYZ= 1 1Y3: 0 d

-1 0 1 2 0 -1 -1

Suppose L(x,) = [¢4, 3, ¢5]7. Which of the following statements are true?
(A)e,=1 B)c;=2 (C)cy =2 (D)c, =3 (B) ¢z = —3

xlz 1X3=

Let A € R™*", R(A) denote the column space of A, and N(A) denote the null space of A. Which of
the following statements are true?

(A) There exists a nonzero vector y € R™ such that ATy = 0 and y = Ax for some x € R™.

(B) For every y € R(A), we can always find some x € R(A") such thaty = Ax.

(C) Let p be the orthogonal projection of y € R™ onto R(A). Then, y — p € N(AT).

(D) Lety be a vector in R™. If y & R(A), theny € N(AT).

(E) The intersection of R(A) and N(AT) is the empty set.

Let E = {vy, v, V3} be a basis for a three-dimensional subspace S of an inner product space V.

Define ||v|| = /(v, v). Suppose E is an orthogonal set with ||v;|| = VZ, ||v,|l = V3, |lvs]| = 1. Let
X =5v; + 1v, — 3vz and y = 1v; — 3v, — 2v;. Let p be the orthogonal projection of x onto y, and
suppose p = ay, where a is a scalar. Which of the following statements are true?

(A) xy)=7

(B)(xy)=8

(C)a=17/33

(D)a =8/14

(E) [Ix]] = 62

RAFEA UMD  FYUEFTOATHA




LGRS 110 LEEELEEL R4 F R RE

#HELME TRMPT [ERAFALTHEEAHEOALHES - TRABIHETH - BRAHALHE
Lag# - ERMAATHE AR - T - ke ARk - 431002

MAMBRMFRE "I, EAFESR B - R #) GRAA) £4R%28R
6. LetA € R and nullity(A) denote the dimension of N(A). Suppose nullity(A) = 2. Which of the

10.

following statements are true?
(A) rank(AT) =3
(B) nullity(AT) = 4
(C) Let A = [a,, a,,a3], where a,, a,, a5 are column vectors of A.
Then a; and a, are linearly dependent.
(D) The linear equation Ax = 0 has infinitely many solutions.
(E) The linear equation ATy = d cannot have a unique solution for any d € R3.

Suppose that function f has period of 7, the Laplace transform of f is denoted by L[f](s), and

(5 for0<t<3 _ ki(1—ek2s)
e = {0 for3<t<7 Llfls) = s(1—ekas)

Which of the following statements are true?
A ki +hky=2 B)ky —k; =3 (O ky +ks=12 D) ky+ k3 =—-10 (E)k; —k; =5

Suppose that f(t) = te~?‘cos (3t), the Laplace transform of f is denoted by L[f](s), and
(s+k)%+k
LIf1(s) = ——

((s+k3)?+k4)?
Which of the following statements are true?
Ak =1 B)ky =9 (Ok3=3 D)ky =9 E)ky+hky+ks+k,=4

Suppose that f(t) satisfies the integral equation:
fl)=-1+ f;f(t —1)e 3%dr.

Solving the integral equation, we obtain f(t) = k,e*2t + ks. Which of the following statements are
true?
A ki +ks==1 Bk, +ks=1 (C)ky—k3=2 D)k, —k;=3 (E)k, =~-2

Suppose the Fourier transform of f is defined by F[f](w) = f_oooo f()e I*tdt, and
f(©) = 5(H(t = 3) = H(t = 11)), Ffl(w) = 2e*2/%sin (k;w),

where H(t) is the Heaviside function (unit step function). Which of the following statements are
true?

(A ky =11 B)ky=—7 (C)ks=3 D)k, +ky =5 (E)ky +k; =5
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T 1182 158 FRIFEGHMIFRA ¢ - p(l— 2% +sin(z) =0-
11 4 (y1,92) = (z,2) » FAEX o) PB4 A
(A) (y1,%2) = (0,0) (B) (y1,72) = (m,0) (C) AEE R
12. 3% uw> 0 RIA01E A T4 (y1,v2) = (0,0) P31 649 42 6 E 05 ] 3 ho M
(A) 42 (0,0) (B) =&k (0,0) (CO) FA—& » BRAnEAM -
13. % < 0 R4n48 4 T8 (y1,92) = (0,0) MLy AR & B BF 38 Aol
(A) W42 (0,0) (B) i#&k (0,0) (C) F—& » BANEH M -

14. Z 8% (y1,12) = (m, 0) AR SR MEALZ SR T 2 K - BLWF > 35 p <0 AZRME TR XX FAE
A8 ¥ 05 P4 4 o

(A) 4442 (0,0) (B) i&#: (0,0) (C) F—=& » BAnfEHEH -
15. %8 EAamlz st HAe K - pboF » & ﬁL3>0 > R 3% A O 42 X2 JF R A0 A A2 G IE B ] 3 e
(A) He44%) (0,0) (B) &4 (0,0) (C) F—& » RAnEH M

T@ 1620 A ERM > HA 15 8555 B8 S RELFUAR0 N3t
16. £ B 48 & ¥ f(2) =cosz ° 7
(A) [f(2)| 1 2 i #F R A8 (B) [f(2)| M 2 sh K& XA (O [f(2) =1,Vz -

17. # B4 & ¥ f(2) =sin (%) °

(A) REsR f(2) " — —@42E (pole) -
(B) f(z) e R Bz sh ey AR AT & £ % B &Y (analytic) o
(C) k4o

18. %R F@FRHE Fz,y) = +5)i+ 2y —8)j i jHslh oy Bmmgg -4
Ci BHE RS o #AE 2 (2,y) = (1,0) 2842 « Cy AR BEG o=y BHhAE (z,y) = (1,1)
Fir=184£8 (z,y) = (1,0) 2 %42 -

AFBRCL2BER»ZELES B) FisCo 2@ HFnxEss5 (C)RLE#-
19. £ & 18 ¥ &9 F @3z R F(z,y) -

(mF,&iﬁ%%&z%&%\ﬁ%O
B)F RASUREAR X EABBEHBEEIETEH0-
(QFfﬁﬁﬁ%%Mz%Mf%ﬁ SARBO-

20. % & 18 88 F 09 F @35 & F(z,y) -
(A)F FAEFH B)F Z45F5%  HEBHMEZHS o(r,y) =22+ 52— 8y (C) RE®IE
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1. (15%) A second-order filter has its polesat s = —(1/4) £ (\/E y: 4), The transmission is zero at
® =3 rad/s and is unity at dc (o = 0). Find the transfer function. (15%%*1)

2. (20%) In the circuit of Fig. 1, the NMOS transistor has [V;|= 0.9 V, and V, = 50 V, and operates
with Vp = Vs = 2 V. (a) What is the voltage gain v,/v; ? (10%) (b) What do Vj and (c) the gain
become for [ increased to 1 mA? (5%*2)

+Vpp
b
CDI:mo;LA
R; ot
[ o
o | oMol 1 0
—H—I5 %
1 10 kQ
;

Fig. 1

3. (30%) For the common-base circuit in Fig. 2, assuming the bias current to be about 1 mA, g = 100,

C, = 0.8 pF, 1, =25 Q, and f; = 500 MHz:

(a) Estimate the midband gain V, /V.

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

(c) Find the high-frequency poles, and estimate the upper 3-dB frequency, f5. (10%*3)

+3V

A

e
%47!&2
gjkg
Q 4
1002 -—c =
1 uF
Vs? el

Fig. 2
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4.  (35%) The amplifier of Fig. 3 consists of two identical common-emitter amplifiers connected in
cascade. Observe that the input resistance of the second stage, R;,», constitutes the load resistance
of the first stage.

(a) For Voo = 15 V, Vp = 0.025 V, Ry = 100 kQ, R, = 47 kQ, Rg = 3.9 kQ, R, = 6.8 kQ, and B =
100, determine the dc collector current of each transistor. (5%)

(b) Draw the small-signal equivalent circuit of the entire amplifier and give the values of all its
components. Neglect 1,7 and 1,;. (10%)

(c) Find R,y and vy, /v for Rg = 5 kQ.

(d) Find R;;» and vy5/Vpy.

(e) For R, =2k, find v, /vy,.

(f) Find the overall voltage gain v, /v,. (5%*4)

Source | Stage 1 Load
:{ A Vee
|
o R
| [o0]
| .
R ;1 Uy ®
s 11y r
—wh——— [ 2 R
—
]
} —_—
+ E < -
Os C) E 2R, g R
5 E
?
R _ —
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Let x and y be nonzero vectors in R®, n > 2. Suppose x and y are not orthogonal, i.e. X"y # 0. Let
A = xy”. Which of the following statements are true?

(A) 0 is an eigenvalue of A.

(B) x"y is an eigenvalue of A.

(C) x is an eigenvector of A.

(D) The number of linearly independent eigenvectors associated with eigenvalue 0 isn — 1.

(E) A is diagonalizable.

Let A and B be square matrices and « be a real number. Which of the following statements are true?
(A) det(A?) = det(ATA)

(B) det(B"A) = det(ATBT)

(C) det(aA) = a - det(A)

(D) det(A + B) = det(A) + det (B)

(E) Swapping two rows of A will not change its determinant.

Consider the linear function L: R® —» R3. Suppose L(x;) = y; fori = 1,2,3,4, where

1 1 2 3 1 0 1
v 'XZZ[Z Xz = =1, %, =3, y1=|11,y2=|1 :Ygz[ol.

Suppose L(x,) = [cy, ¢, ¢3]T. Which of the following statements are true?
A)e=1Bc=2C)c=2D)c;=3 (E)cz =~

Let A € R™" R(A) denote the column space of A, and N(A) denote the null space of A. Which of
the following statements are true?

(A) There exists a nonzero vector y € R™ such that ATy = 0 and y = Ax for some x € R™.

(B) For every y € R(A), we can always find some x € R(AT) such that y = Ax.

(C) Let p be the orthogonal projection of y € R™ onto R(A). Then, y — p € N(AT).

(D) Let y be a vector in R™. If y € R(A), theny € N(AT).

(E) The intersection of R(A) and N(AT) is the empty set.

Let E = {vy,V,,V3} be a basis for a three-dimensional subspace S of an inner product space V.

Define ||v]| = +/{(v, v). Suppose E is an orthogonal set with ||v; || = VZ, [|[v,[| = V3, |lvs]| = 1. Let
X =5v; + 1v, — 3vz and y = 1v; — 3v, — 2v;3. Let p be the orthogonal projection of x onto y, and
suppose p = ay, where a is a scalar. Which of the following statements are true?

(A)(xy)=7

(B) (x,y) =8

(C)a=7/33

D)a =8/14

(B) lIxll = 62
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10.

Let A € R5*3 and nullity(A) denote the dimension of N(A). Suppose nullity(A) = 2. Which of the
following statements are true?
(A) rank(AT) =3
(B) nullity (AT) = 4
(C) Let A = [a;,a,,a3], where a,a,, ag are column vectors of A.
Then a, and a, are linearly dependent.
(D) The linear equation Ax = 0 has infinitely many solutions.
(E) The linear equation A"y = d cannot have a unique solution for any d € R®.

Suppose that function f has period of 7, the Laplace transform of f is denoted by L[f](s), and

(5 for0<t<3 _ ka(1-ef29)
fo={ stz y =T

Which of the following statements are true?
(A kg +k, =2 B) ey —ky =3 (C) ky + ks =12 (D) ky + k3 =—-10 (E)k, — k3 =5
Suppose that f(t) = te~2tcos (3t), the Laplace transform of f is denoted by L[f](s), and

_ (s+kq)?+k-
LDC](S) B ((s+k3)?+ky)?

Which of the following statements are true?
(A k; =1 B)k;=9 (O) k3 =3 (D) ko =9 (E) kg + k3 + k3 +ky=4

Suppose that f(t) satisfies the integral equation:
f(Hy=-=1+ fotf(t —1)e 3%dT.

Solving the integral equation, we obtain f (t) = kye*2t + k. Which of the following statements are
true?
(A) ey + k3 = =1 (B) kg + k3 =1 (C)ky—ks=2 D) ky—ks =3 (E) ky = -2

Suppose the Fourier transform of f is defined by F[f] (w) = f:o f(t)e /tdt, and
£(6) = S(H(E = 3) — H(t — 11), FIfI(w) = 2*/sin (ks ),

where H(t) is the Heaviside function (unit step function). Which of the following statements are
true?
(A) ey =11 B) ky = =7 (C) k3 = 3 D)k +k, =5 (E)ky+ks =5
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UTFH 11882 1588 FEEmMms 2K & —p(l—2%)7+sin(z)=0-
11 & (y1,90) = (z,2) - R R 24 4

(A) (y1,92) = (0,0) (B) (y1,%2) = (m,0) (C) A L% &
12. 35 >0 RlAn a4 P42 (y1,y2) = (0,0) Fif i 6 A% & [ B ] 3 o

(A) We#t®) (0,0) (B) &#k (0,0) (C) F—s > BAnEEH -
13. 8 u <0 RAnE A -T2 (y1,y2) = (0,0) ML &9 A2 & 1G85 F] 3 Ao o

(A) de42) (0,0) (B) & (0,0) (CO) F—= » RAEAM °

4. FEH (y1,y2) = (1, 0) Fép bz g K - biF > Zu< 0 Bl 22 EnM
PR G RERFR3E n m

(A) ¥ #¢%) (0,0) (B) &8 (0,0) (C) F—& » BBAMEAB -
15, 28 PRapriliz e a2k o pb8F > 2 0> 00 B4 2 X 2 JF Ean{d A2 € R 85 3¢ Ao My
(A) Y422 (0,0) (B) &k (0,0) (C) R—& » BAEF R

>

T@16-20 A BRM > FH1 5 8y SyH e
16. # A8 L% f(z) =cosz »
(A) |f(2)| g z & 2R 38 K md 4k (B) |£(2)| M z 9 T3 A mE# (O |f(2)| =1,Vz -

17. % 84 & ¥ f(z) = sin (%) o

(A) BEEEf(2) tht——1B422 (pole) -
(B) f(z) Rz sh AR A -F @ LE A4 (analytic) o
(C) tA L& 4} o

18. B P w3 Rk Flz,y) =2 +5)i+ Qey—8)j i jHslh o bty Bt g - &
C) AR EE N © 37k 2 (:C y) (1 []) Z B84% o Cy BRIV © =y B4 £ (32 y) s (1,1) ,
Bhr=1H%%&3 (2,9) = (1,0) ZHE -

AV F i C, 2 BEHY2ZEAES B) F s Co 2B EBHAy2MEL5 (C) ALEYH -
19. % & 187&%‘4’%—?@%@:%1 F(z,y)

(A)F S EH WS B 2B EHIES 0 -
B)F ARBEURREREA X AMBRENBEHEIELTETA0-
OF BEEHMBL2REHIEEREH0-

20. & 18 A ¥ 04 -F @G KB F(z,y)
(A)F RERTH B)F AFTH > HBAMEIES o(r,y) = 2y’ + 52— 8y (C) M L% Ik

B RANEH LA 0 5% o
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