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1. (15pts) A vector field is given as "G(x, y,2) =4,(x - yz) +3d,( ¥ - zxy+a (z' —xp).

Find
{a) line integral from (0,0,0) to (1,1,1) along the straight line '
(b) line integral from (0,0,0) to (1,1,1) along the curve y =x*, z=1x :
(¢) Does there exist a scalar field ® such that G=V®? Isso,determine ®7 If
not, give the reason. : .

2, (10pts) Let x() < X(jw), y{(t) e Y(jo),and z{f) o Z{jow) denote Fourier
transform pairs, related by ‘

Z(ja)= _[:z(t)e-fm dr, z(f)= 5.1; J: Z,(fw)e”'“" do
If Z(jw)=X(jw)Y(jw), express z({) intermsof x{t} and y().

3. (10pts) An LTI system has impulse response A(f). The output of the system y(f) due
to input x(#) is then

y0y= [ x(@he~v)dr.

(a) If h(t)=8&(t), the system is called an identity system. Explain why it is so named
from the input-output relation.
(bYIf h(t)=3&"(¢) (derivative), determine y(f}. You can derive your answer
mathematically or by reasoning.

{20%) There are three questions as follows.

{a) Let X and ¥ be two subspaces of IR™. Write the definition of X and ¥ being orthogonal.

(b) Let X and Y be two orthogonal subspaces of IR". Show that X NY =— {0}.

(¢} Let A € R™™ with rank(A) = r, and let {z1,..., 2.} be a basis for R(AT), the range

of AT, Is {Azy,..., Az} a basis for R(A)? If the answer is YES, give a proof [or it.

Otherwise, provide a counterexample for it.

5. (10%) Given zp € C, let @ := [z, B = Re(z), and 7 := Sm{zp).

Then solutions to the equation 2=z are
(¢) £ H(VBF+7+ivB=7) (€) £+ Z(vaFy+iya—7)
(b) 3(8 % iv) () * H(VeFB+iva=p)
(¢} (VBEiym) {9 23VaFA+i/a—7)
(d) *+ S(VaFB—iva—p) (b} Z(VEF7 £ivVF7).

Please choose your answer(s) and give all the necessary details,

6.(15%} Find the general solution of the following differentiail
equation: .

y’=(x+y+1)2

7.(20%) Use the Laplace transform to solve the following initial
value problem: - : :

y'" +4y =sint u(t -27), y(o) = 1, ¥y’ (0) = 0.
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— ~ For the circuit shown in Fig. 1, (a) What is the gain v,/ v;? (b) For op

1

>k

*

amps using £15-V supplies that limit at £13V, what is the largest sine

wave you can provide across R, ? (c) Using 1k as the smallest resistor
values that make v,/ v, =10V/V, (8% » 4% : 89g)

(a) Plot and explain the difference of the voltage transfer characteristics
of an NMOS inverter with a resistive load, an NMOS inverter with a
depletion load, and a COMS inverter together (i.e. in the same v, - v,
Figure). (b) What is Noise Margins? Take CMOS inverter voitage
transfer characteristics as an illustrative and define the noise margins

onit. (8% »89%)

lntrodhcing a new dominant pole to an unstahle three-pole feedback
amplifier, we can obtain a stable feedback amplifier. {a) What is the
Nyquist stability criteria, gain margin and phase margin? (b) Plot the
Bode plots of loop gain magnitude and phase for the three-pole
amplifier, before frequency compensation, and after frequency
compensation. (c) Same as in (b) plot the Nyquist plots for the amplifier
before and after the frequency compensation. (49§ » 894 » 895)

In Fig.4 a BiCMOS double cascode constant-current source is shown.
{a) Piot the equivalent circuit for determining output impedance of the
BiCMOS double cascode current source and (b} Derive the output
resistance. (c}) Why the constant current source need extremely large
output resistance? (49g > 894 » 49)

The op-amp in the diff-amp shown in Fig5. is ideal. (a) Derive the
expressions of common-mode gain, A, and differential-mode gain, A,
(b) if the tolerance of each resistor is +2%, determine the minimum
value of CMRR. (89 »89%)

Consider the circuit shown in Fig.6. Signals ¢,, and ¢, are "
nonoverlaping clock signals. {(a) Describe the operation of the circuit
and the logic function implemented. (b) Discuss any possible
refationship between the width-to-length ratios of the load and driver
transistors for “proper” circuit operation. (89 » 43¢)
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. Derive the expression of the Hall voltage Vy induced on both sides of a P-type

semiconductor with a given current I, and the magnetic field B,. The width of
the semiconductor is W. The thickness is d, and the length is L. (17%)
-

. Consider a p-n heterojunction with dielectric constants €p and €;,and doping

concentrations N, and N4 Find the expression of the depletion width W at the
junction with respect to an applied voltage V. (17%)

. The Schottky barrier height, ¢p,, of a meta.l /n-GaAs MESFET is 0.9 volts. The

channel doping is Nz = 1.5 X 10'®em ™ and the channel thickness is @ = 0.5um.

The temperature T is 300K. Calculate the pinch off voltage V, and determine

the FET is enhancement type or depletion type. (e =13 169, € = 8.85 x
10"MEF/em® N, = 4.7 x 10¥em ~3) (17%)

- A MOS transistor with a p™-polysilicon gate is fabricated on a p-type sili-

con substrate with N,=2x10%cm~2. The oxide thickness is t,,=650A and the
equivalent fixed oxide charge is Qgg=2x10"em™2. ( Si: n; = 1.5 x 10%%cm—?
€g; = 11.8 €0, €502 = 3.9 €5y kT/q = 0.0259 V,Eg=1128V) (17%)

(a) Calculate the threshold voltage.

{b) Calculate the threshold voltage difference AVy when the bias voltage Vgg
is equal to 0.5 V.

(¢) Calculate Cuin.

. A silicon pnp bipolar transistor at T=300 K has uniform dopings of Ng = 108

cm™3,Np = 10" em—3?, and Ng = 10 cin—3. The metallurgical base width
is 1.2 pm. Let the hole diffusion coefficient Dy = 10 cm?/sec. Assume that
the minority carrier hole concentration in the base can be approximated by a
linear distribution. Let Vpp=0.625 volt. ( Si: n; = 1.5 x 10%m 3, e5; = 11.8
€0, €0 = 8.85 X 107MF/cm?, kT = 0.0259¢V }(16%)

(a) Determine the hole diffusion current densities in the base for Vgo=5
volt,and Vge=10 volt.

(b) Estimate the Early Voltage.

{c} Calculate the punch-through voltage.

. Assume a linearly graded junction with doping distribution as

Nd-—Na—"‘-Gtﬂ

. The critical electric field for breakdown is Ecrig. Derive the expressmn for the
breakdown vo]tage (16%)
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1. (15pts) A vector field is given as G(x, »,2)=a,(x~yz)+a,( Y —zx)+d (2 ~xy).

Find
(a) line integral from (0,0,0) to (1,1,1) along the straight line
(b) line integral from (0,0,0) to (1,1,1) along the curve y=x2, z==x
(c) Does there exist a scalar field @ suchthat G=V®? Isso, determine ®? If
not, give the reason.

- 2. (i0pts) Let x(f) > X(jw), y() e ¥( _](0) , and z(1) <+ Z{ jw) denote Fourier
transform pairs, related by

Z(jwy= [ 2@ dt, 2()=— E Z(@)e ™ do

If Z(jw)=X{jw)Y(jw), express z(t) in terms of x(¥) a.nd y(6).
3. (20%) There are three questions as follows.
() Let X and Y be two subspaces of IR™. Write the definition of X and Y being orthogonal,
(b) Let X and Y be two orthogonal subspaces of R™. Show that X N Y = {0}.
(c) Let A € R™"™ with rank(A) = r, and let {1, ... , %} be a basis for B(AY), the range
of AT, Is {Azy,..., Az,} a basis for R(A)? If the answer is' YES, give a proof for it.
Otherwise, provide a counterexarmple for it,

4. {(15%) For any matrix A € R™", the induced norm of it is defined as

| Azl
ll=t -

Then choose the correct one(s) from the following four statements and give a proof for each
one of your choice.

a) | All := sup Lzt
(b) 1Azl < 1Al - lizll, for any = € R™.
{c) |4+ B < | All + [ B]|, for any A, B in R™".

d) fAB| < [|Afl - 1 BY], for_.any A, B compatible for multiplication.

Al = sup

5. (10%) Given z € C, let a := [z), § := Re(z), and 7 1= Sm(zg).

Then solutions to the equation 2% = 24 are :
(a) £ H(VEF7+ivVB—7) (&) £ H(VaFF+iv/a—m)
() y(Bxiy) () £ H(aTFB+i/a=h)
(©) Z(WVBxiA)- (9) £3(VaTy+iva=—7)

(@) + H(VaFB-iva—17p) (h) Z(VBH7xivB—7).

- Please choose your answer(s} and give all the necessary details.

' 6.(15%} Find the general solution of the following differential

equation:
r = 2
Y —(-x+y+1)

7. (15%) Use the Laplace transform to solve the following initial-
value problem:

Y'" + 4y = sin t u(t -2z ), y(0) = 1, yr{0) = o.
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2k 7 1. Please explain the following terms:
® (a) Nyquist Stability Criterion, .

{(b)  Characteristic Equation and its effects on the control system,

(c) Steady-étate Error and its cause on the control system,

(d) Controllability and Observability,

() Bandwidth and gain crossover frequency,

(f)  PID controller and its effects on the control system.

15 Z 2. (a) Draw a state diagram for the following state equations:

dx
7; = —le(t) + 3x2 (t)

‘3’; = 5%, (f) - 5%, (1) + 2r()

(b) Find the characteristic equation of the system.

{ ¢)Find the transfer functions X, (s)/ R(s) and X,(s)/ R(s)

15/: 3. A control system with a PD controller is shown in Fig.1

(a) Find the values of K, and X, so that the ramp-error constant K, is 1000

and the damping ratio is 0.5.
(b) Find the values of K, and K, so that the ramp-error constant
and the damping ratio is 1.0
¥(s)
——

. Figl

K, is 1000
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IS‘/; 4, Give the system
%(}1 “ A+ Bu() Y =Cx(p)

0 1 1 '
A= B= C=j 1]
-1 -3 2
(a) Determine the state controliability and observability of the system.

(b) Let #(f) = —Kx(f), where K = [k, &,], where kand k, are real constants.

Determite if and how controllability and observability of the closed-loop

where

system are affect by the elements of K

,Si 5. A linear time-invariant system is described by the following the state equations:
(—b:-i(;-l = Ax{1) + Bu(t)

where-
01 0 0
A={0 0 i B=|0
0 -4 -3 i

The closed-loop system is implemented by state feedback, so that d(t) = -Kx(1),
where K =[k, k, k,}, where &, k,and k, are real constants. Determined the
constraints on the elements of X so that the closed-loop system is asymptotically
stable, '

15-7 6. The block diagram of a control system with state feedback is shown in Fig.2 . Find
* the real feedback gains %,,%,and £, so that
1 2 3

The steady-state error e,, [e(f) is the error signal} due to a step input is zero,

The complex roots the characteristic equation are at —1+ j and —1-/,

Find the third root. Can all three roots be assigned arbitrarily while still meeting the
steady-state requirement? '
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1. Give an example of refation R on A={1,2,3} for each of the following
property. |
(a) R is not reflexive. (4%)
(b) R is not transitive. (4%)
(c) R is not anti-symmetric. (4%)
(d) & is both symmetric and anti-symmetric. (4%)
(e} R is neither symmetric nor anti-symmetric. (4%)

2. Draw a planar representation of the graph in Fig. 1 if possible;
otherwise state why it is nonplanar. (10%)

K &

Fig. 1. Fig. 2.

3. (a) Find a dual graph of the graph in Fig. 2. (5%)
(b) Find the chromatic polynomial of (a). (5%)
(c) Find the minimum number of colors needed to paint the regions of
the map in Fig. 2 from the result of (b). (5%)

4. Which of the partially ordered sets in Fig. 3 are lattices and why?
(10%)

RS
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5. Solve the recurrence relation =4 -40, , n20, Og=1, O,;=3.
(15%)

6. For R={s,tx,y}, define + and -, making R into a ring, by Table 1(a) for
+ and by the partial table for - in Table 1(b).

Table 1.
+ 3 t x Yy 5 { x ¥y
5 $ ! X b s N s S s
t t 5 b% x f s ¢ x 7
x x ¥y $ t x s t x ¥y
y ¥ x t s b% s ? s 5
(a) (b)

() Using the associative and distributive laws, determine the entries
for the missing spaces(?) in Table 1(b). (6%)

(b) Is this ring commutative? (3%)

(c) Does it have a unity? How about units? (6%)

(d) Is the ring an integral domain or field? (3%)

7. Use generating function to determine how many ways we can select »
objects from # distinct objects with repetitions allowed. (12%)

Reference formula:

1+ a)" = D= 1)’[‘”;_'_ 1);("

i=t

. b -1y .
1/(]_/‘,)11 - Z[ﬂ'}'{ )X‘

=l i
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L. (15 points) Write a pseudocode function for each of the followmg cases to determine
whether a string is in the language L, where L
(a) L = { w | w contains equal numbers of A’s and B's }.
(b) L = { w | w is of the form A"B" for some n>0 }.
{c) L ={ whw' | w is a possibly empty string of characters other than § }, where
w' is the reverse of w.

2. (15 points) Consider a sequential search of N data items.

{a ) If the data items are sorted into ascending order, how can you determine that
- your desired item is not i in the data collection without always making N com-
parisons?

{b) What is the order of the sequential search algorlthm when the desired item

- is not in the data collection? Do this for both sorted and unsorted data, and
consider the best, average, and worst cases.

(c) Show that if the sequential search algorithm finds the desired item in the data
collection, the algorithm’s order does not depend on whether or not the data
items are sorted,

3. (10 points) Answer the following questions about binary trees.
(a) Starting with an empty binary search tree, in what order should you insert
items to get the binary search tree shown in Figure 17
(b) What complete binary tree does the array in Figure 2 represent? Please draw
it.
4. (10 points) Answer the following questions about heaps.

(a) Does the array in Figure 2 represent a heap?

(b} Consider the heap in Figure 3. Draw the heap after you insert 12 and then
remove 12.

5. (10 points) If h(x) = = mod T and separate chaining resolves collisions, what does
the hash table lock like after the following insertions occur: 8, 10, 24, 15, 32, 177
Assume that each table item contains only a search key

6. (10 points) Answer the following questions about graphs.

(a) Use the depth-first strategy and the breadth-first strategy to traverse the graph
in Figure 4, beginning with vertex 0. Lxst the vertices in the order in which
each traversal visits them.

b) Draw the minimum spanning tree whose root is vertex 0 for the raph in
g
Figure 5.
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7. (15 points) Given a list of integers 2, 7, 10, 25, 33, 44, 56, 78, 101, 150, 200, 207,
350, 400, and 450, which integers would be interrogated by the binary search

(a) when searching for 447
(b) when searching for 5007
(

¢} what is the maximum number of comparisons that must be made when apply-
ing the binary search to a list of 2000 entries?

8. (15 points) Suppose we have a list of integers 46, 41, 37, 68, 90, 53, 72, 84, 65,
and 59, Describe a hash function to store these mtegers such tha.t no colhssons WJII
occur.

Figure 1: . Figure for Problem 3(a).

SI 121 8[6[10]3,9]4]7
0123456789

Figure 2: Figure for Problem 3(b) and Problem 4(a).
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Figure 3: Figure for Problem 4(b).

Figure §: Figure for Problem 6(b).
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1. (10%) Number representation

{a) (5%) Convert 94D7,4 to its octal representation.
(b) (5%) Represent —576,4 in 16-bit 2’s complement representation.

2. (10%) Reduce the logic expression of ¥ = abc + a'bd + abc'd + a'bc’d’ + o'b'd’ + a'cd’ and draw its
minimized 2-level logic circuit. -

3. (5%) Given a Karnaugh map of outpﬁt Y, write its minimized logic equation.

400 01 11 10
c

polo 4 1 a
o1fo 1 1 o
11{d 1 0 1
101 6 d d

4. (%) Given a 3 x 8 decoder module, design a 1-bit full adder with it.

L » D7 : l a lb
— D& .
AZ — —» D5 .
Al—mdecoder —* D4 couf cin
20— > 3 Full Adder
" —™ 2
> by .
* po ‘ 8

5. {15%) Design the 7-segment display coﬁvers@on combinational circuit.

{a) (5%) Wriite the truth table for BCD input bs, by, by, by and 7-segment output e, b, ¢, d, e, f, g.

(b) (10%) Design the 7-segment display with a 4-bit decoder, a 4x7 ROM module, and wire OR
gates. You need to show ROM internal connections.

S T R I T I T T [ [ e A
————— d
9 I_i I |_ _l __l |_| | l_l _l g;:: conivs:,rl:iyon
e (=] B
TE o FPHTTED
segnent nam’es display setting for 0,1,2,3,4,5,6,7,8,9 abcdefg

6. (15%) Design an adder/subtractor for 4-bit 2’s complement numbers w:th 4 1-bit full adder modules, _

multiplexors; inverters.

¢ When OF = 0, it performs addition.
s When OF = 1, it performs subtraction.

{2 |» b S S

cout| pu11 AdderkCin 4-bit Adder/Subtractor

ls -. . Vq’rs
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7. (10%) Design an up/down counter between 0 and 15. (You can use 4 T flip-flops.)

s When OF = (, it performs up-counting at each clock cycle.

e When OP = 1, it performs down-counting at each clock cycle.

clk lOP lxeset
L up-down
countex’

B
D_out

8. (10%) Design a 4-bit parallel-in serial-out circuit.

e When parallel in = 1, A3, A2, Al, and AQ are transferred into 4 D flip-flops D3, D2, D1, and
D0 in parallel at the clock period.

* When parallel in = 0, D3, D2, D1, and DO are shifted outside in serial at each clock period.
clk parallel_in )

L

1A3 laz lAl‘ 1110

parallel-in-serial-out | D out

8. (20%) Design a sequence detector which recognizes "1101" on the input bit stream 1.

‘e When the pattern is fecognized, it produces "1’ on cutput R.

e Otherwise, it produces '0’ on output R.

(a) {10%) Draw its state transition diagram.
(b) (10%) Draw its logic circuit design.

I

0116111, [toolo... R

" : CLTrs !

1

1101 sequence 1
detector
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L. (25%) Basic Computer Architectures

(1) (10%) Consider a hypothetical microprocessor generating a 16-bit address (for examnple, assume that the program counter
and the address register are 16 bits wide) and having a 16-bit data bus.

memory?

(b) (5%) If an input and an output instruction can specify an 8-bit I/ port number, how many-16-bit /O ports can the
nricroprocessar support? '

(2) (15%} Consider a hypothetical 32-bit microprocessor having 32-bit instructions composed of two fields: the first byte

is 32 bits and the local data bus is 16 bits. No time multiplexing between the address and data buses.

(a) (5%) What is the maximum directly addressable memory capacity (in bytes)?

(b) (5%) What is the minimum bit numbers required for the program counter?- _

(¢} (5%) Assume the direct addressing mode is applied, how many address and data bus cycles required to fetch an
101 instruction and its corresponding operand or data from memory? .

" IL (25%) Computer Arithmetic Architectures
150

(1) (10%} Consider two packed decimal numbers in which two unsigned numbers are added together. 1f each number

B the two numbers 1698 and 1786.

i (2) (15%) Perform the following three Intel 386/486 instructions,
5 : MOV  AX 0248H

MOV BX 0564H

CMP "~ AX BX

- and list the Carry Flag(CF), Overflow Flag(OF), Parity Flag(PF), Sign Flag(SF), and Zero Flag(ZF).

200

250

30

{a) (5%) What is the maximum memory address space that the processor can access directly if it is connected to an 8-bit

contains the OP code and the remainder the immediate operand or an operand address. Assume that the local address bus

consists of N digits, then there are 4N bits in each number. The two numbers are to be added using a binary adder with |
some correction rules. Suggest a simple rule for correcting the final result and then perform addition in this fashion on -
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(1) (10%) A BBN Butterfly Switch Network consists of 8x8 crbss.bar switch modules and eight-way shuffle multistage

IIL. (25%) System Performance and Cache Memory

(1) (10%) A 600-Mhz Pentium-IIT processor is used to execute a benchmark program with the following

instruction mix and clock cycle time:

Integer Arithmetic: Instruction Count = 60000  Clock Cycle Count =1
Data Transfer: Instruction Count = 35000 Clock Cycle Count =2
Floating Point: Instruction Count = 55000 Clock Cycle Count = 4
Control Transfer: Instruction Count =30000 Clock Cycle Count=13
£+ (a) (5%) Caloulate the effective CPI (Cycles Per Instruction).
(b) (5%) Calculate the MIPS (Million Instructions Per Second).

(2) (15%) Consider a cache (M1) and a main memory (M2) hierarchy, in which M1= 32 K words, M2 =2 M words, and

cache block size = 8 words.
() (5%) Show the physical address format of Direct Mapping (Show how many Tag, Block, and Word bits).
{b) (5%) Show the physical address format of 4-way Set Associate Mapping (Show how many Tag, Set, and Word bits).
(¢) (5%) Calculate the MIPS, if we assume the hit ratio = 0.9, the average instruction execution tivue after cache hit
= 10 nsec, and the memory access time for one block = 100 nsec when cache miss.

IV. (25%) Pipeline and Multiprocessor Architectures

interconnection. ‘
(a) (5%) Calculate how many 8x8 switch modules will be needed for a 512x512 Butterfly Switch Network?
(b) (5%) Assume a binary address, X = (x8 x7 x6 x5 x4 x3 x2 x1 x0). What will be the corresponding address after vhe
operation of the eight-way shuffle,

(2) (15%) Consider the execution of the following code fragment of an assemble program, where R1-R6 represent the CPU

.

-

-

internal registers and A, B represent two memaory locations, respectively. Assume a 4-stage pipeline consisting of’

IF (Instruction Fetch), ID (Instruction Decode), IE (Instruction Execute) and RS (Result Store), and the branch
condition can not be resolved until at the RS stage.

Il: Load R1 A

I2: Dec R3 1

I3:  BrZero R3 15 / Jump to 15 if Zero Flag = 1/
4. Add R2 R4

Is: Sub RS R6

Ie - Store RS B

(a) (5%) How many delayed branch cycles wilt be generated?
(b) (5%) Reorder the instruction sequences, and identify the two useful delay instructions.
(c) (5%) How many delayed branch cycles will be generated after the instruction recording?
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1 + #53lt Thevenin and Norton equivalents, JZRAHAN{AITE Thevenin equivalent
voltage source, Thevenin equivalent resistance and Norton equivalent current
source?  {10%) _

2+ fi#5k voltage follower HUTHEE  (10%)

3 » {AJFH virtual short circuit LA virtual open circuit?  (10%)

4 {£EEHZ D - Laplace transform J Fourier transform FEH¥IHEE ? 382 1h
BENAEMTER?  (10%) '

5 FFERED » 5> FTERY forced solution J natural solution FT{{3Eriipmm
BEEMAE?  (10%) _

6 » fiflt phasor HYZHHE « RIS A LUFE A phasor BUMEMGRHE?  (10%)

7 BRIFRFHIT IR F power factor) TR » FERITTE 7 AR ?

(10%) ,
8 » Find the three resistive currents shown in Fig. 8 {15%)
9 Find w(t), t> 0 fori(0-)=1 A and v(0-) =4V (15%)

Fig. 9
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"1} A 3¢, 60Hz, 345KV Transmission line with the arrangement of conductors of a
parallel circuit as shown in Fig.], The GMR' and outside diameter of the conductors
are 0.0229 ft and 0.680 inch respectively. (a) Find the inductance in ohms per
kilometer per phase and the per unit value with 100MVA as the base. (b) Find the
capacitive susceptance in siemens per kilometer per phase. ( 920 % )

b 18—

QT oa’
I

‘0

| —_—

J} Fig. |
¢ | oc’
f— s’ ——

2) Calculate the power flow and line power loss for a transmission line as shown in

Fig.2. | V<o (!5"/)
|
Fig.2

3) For the power system as shown in Fig.3, (a) Determine the admittance matrix. (b)

<o AN——T
Yer = 35&3 bsr

Solve the power flow analysis by Gauss method for one iteration only. o
(25 / )

' Swing .
/ [ bug \/[=|_054o°

60.1-5 30‘25
il
2 aO.\zs 3
Pzr=0.50 (Vi Lto , Psg = 0.5
QuL= 0.0 K L
Fi9. 3
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4y In Fig.4, a generator is connected to an infinite bus and deliver 1.2 PU power. The
terminal voltages of bus 1 and 2 are 1.0 PU. (&) Solve the power angle of the
generator at the sieady state. (b) When a solid 3¢ fault occurs at the middle point P
of one of the circuit, derive the equation to solve the critical clearing

angle.(Illustrate by the power angle curve for the pre-fault, fault and post-fault

periods) 3 . > ( 25% )
| - "% a
@+t \
Kepr ™o 8F g
P

Fig. 4

5)Describe various types of power quality problem and the conventional
ethodologies to alleviate th blem.
m ologies to alleviate the problem | (’S_%)
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~ 1. (a) Write down the integral form of time-harmorﬁc Maxwell’s equations.

(b) Starting from these equations, derive all the boundary conditions at the interface

between two different materials. ‘
(20%)

. A uniform plane wave in air is incident on a lossless dieleciric material at a 45° angle, as

shown in Fig. P2. The transmitted wave propagates in a 30° direction with respect to
the normal. The frequency is 300 MHz.

(a) Find & in terms of &.
(b) Find the reflection coefficient and transmission coefficient.

(c) Obtain the mathematical expressions for the incident, reflected and transmiited fields.

(20%)

air (4p , &) dielectric‘ (g, £2)
©"" Fig. P2

. A cylindrical capacitor carries a total charge of +0Q and —Q on the inmer and outer

conductors, respectively. The capacitor is not connected to the ground or to any voltage
source. A dielectric material with dielectric constant & and inner and outer diameters
matching the dimensions of the cylindrical capacitor, is placed x meters inside the
capacitor as shown in Fig, P3,

(2) Find the electric field in the capacitor in terms of Q.

(b) Find the voltage between the two conductors.

(¢) Find the force acting on the dielectric material.
' (20%)

Fig. P3
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4. Three infinitely long parallel wires each carry 10 A of current in the z-direction, as shown

in Fig. P4. Find the force per unit length acting on the Number 3 wire due to the

magnetic fields produced by the other two wires. 7 (20%)
Y P ’
T@ &
1m
V7N i S
3 L >
D Fig. P4
5. Briefly answer the following questions. (5% each)

() Whatis the meaning of the polarization of a plane wave?
(b) What is skin effect? Discuss your knowledge about skin effect.
(¢) What is the Hall effect?

(d) What is a Smith chart and why is it useful in making transmission line calculations?
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SRR (B RE) :

AR IR A T »%Xnﬁ%ﬁ‘;}ﬁ:\" r BIE H}uaﬂﬁa(ﬁfﬁ Y
PR (BT R N MBMIE - 15 LBRAE R - FTBERT
HCESMAGHER S BERENE SR IR AT A Sy .
EANBET SRARNFIT - ALE 4 REREN B T SR8t -

FRASTE53(S), S, ..., 8, VAT - HR,,R,,..R, BA/NERBARBS
Wi UBE - R R, R, RIKTTISHRFBREOIBASOWE > M, M, M,
B/ NEE BRI 8, 32, .8, E‘M\nﬁﬁﬁﬁﬁﬁuwﬁ

Hils; =8, R
R,
EM,,M,,..M, H’J%d\ﬁﬁzﬁi%ﬁg&%ftﬁ?ﬁ'
{RIRR] + R, +,..+ R, _1ooﬂR' RS, ,R6'='5*_:Bi:,...,:3—ﬁ
. M, 2 Ms
#EIR,R.,..,R,
HER,,R,,... R, M IATE T AT E - %Eﬂ%&%ﬁﬁ{fmﬁ » R LA
—RTLERRRE ' R, =R, =R, 120
1.(A)

(a) What is the dimension of the set of complex numbers (if it is a vector space)
over the field of real numbers?

(b)What is the dimension of the set of complex numbers (if it is a vector space)
over the field of complex numbers?

{c) What is the dimension of the set of real numbers (if it is a vector space) over the
field of complex numbers?

(B)

Prove your answer of the dimension if the referred set is mdeed a vector space, or

disprove it if the set is not a vector space.

2. A linear system with its input x(t) and output y(1) is described by the following
differential equation: y’(1) - 2y(t} = x(t). This linear system can be regarded as a
linear operator mapping the input x(t) to the output y(t). Please find the eigenvectors
for this operator.

- 10
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3. Reading Comprehension: (BSEHHIER)

Suppose that V and W are f{inite-dimensional vector spaces with ordered bases

L = {X1,...,Xa} and y= {y1,...,Ym}, respectively, Let T:V->W be linear. Then there

exist unique scalars ajj belonging to the scalar field Fi=1,..,mandj=1,..n)

B such that T(xj) = ayy; for} =j =n. Using the notation above, we call the m*n

matrix A defined by Aj; = a;; the matrix that represents T in the ordered base B and

7 and will write A =[T]}. Furthermore, we denote by L, the mapping La: F, ->

Fu defined by La(x) = Ax(ihe matrix product of A and x) for each column vector

x e F" We call L, a left-multiplication transformation. It can be proved that L

is linear. We have the following propemcs

- ML=

(2) Lo=Lg if and only if A = B, where B is a m*n matrix,.

(B)Lawg=LatLlpandL,s=al.sforalla € F.

L ‘ (4) There exists a unique m*n matrix C such that T = L¢. In fact C = [T]5, where

| T is defined as above.

(5) If E is an n*p matrix, then Lag = LoLg.

N ) (6)If m=n, then L ), = I;".

(A)Which of the above statements (1) to (6) are regarding the following
properties (a} linearity (b} well defined function (c) onto function (d)
one-to-one function (e)invertable function.?

(BYWhich conceptual function (transformatmn) are the above properties
associated to?

4. Three events E,, E;, and E;, defined on the same space, have pmbabllllles P(E)) =
- P(Ez) P(E;) = 0.25. Let Eq be the event that one or more of the events E;, E;, Es
occurs.

(A)Find P(Eo) when the evenls are statistically independent.

L (B) Find the maximum values that P(Eg) can assume and explain the physical
meanings for this situation.

(5) A random variable X is linearly related to another random variable Y by the

relation Y = -3X + 5. Can we find the correlation coefficient of X and Y when
e we do not know the mean and variance of X and Y? Compute the correlation
coeflicient if the answer is yes or prove it if the answer is no.

L (6) Describe all the relations which you know between linear algebra and
probability .
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# B : smarcEEm BEASE TRREECATE EIF = 4 2R % 1 R
(= Explan wedetail  what de Addibiie White Gausian Noise (AwGN)?
(20 %)
= \Uhak 5 Wiener Filter 7 whak i Matched Filten 7 | .
Cxplain their Db:)e(;ttb-es tlhenr 'PI’I'Y\LC_P[U.\_ Cand theiv Tm\:lemev\‘td‘mk{?‘“
! (20 % ) | |
= AWhat *a  Linea lime-TnvariaX Lumped 5“&’"‘”‘ £ (i10%)
_ To 4he AM v o dulator 2 Riwear S»bJeW\ v Whg‘ K N
I T af a Ama- rwnrant 5“%3”“ 7 Wha ! _ -
- i
@ what k0 Gram- schimg€ Pkoltecl«ure, > (j05) .
] Explain ks objectiote | prnuple aud gave omt example !:51 3 aignake ]
-ﬁ' Tn gxnemQ | Tha mus# pro gram. s Aransmitted h& FM o stadions
[ tn Stead -f AM Stakonsy plain clearly whal reaguns i
ity Hor 7 (10%) i
_;_ | ‘ | FpMa .
7 Explain. the Kt ferences Anows Freguency Diveswn Mulbiple Acws ( 3;

. TS o Atcese |
T - Diwisron Muttiple Aoz (ToMA ) and. Code Division Multiph
e I do You think Juture wobile phome, utilige
wide - band  CDMA to Communi X eadh othen T Lous and whow

the -~ wid-band © comea From T (/o F) : _
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