an#mk$h+*%$ﬁﬁiﬂ%i%ﬁﬁ%
ar . TAREE () LERREER) (PEEINE) |,

1. (10%) We would like to evaluate an integral involving the derivative of the Dirac

& -function.
(a) Consider I= [  cost&'(¢ —%) dr. Let u(t)=o(t -i;_) . Then I= [ costdu.
Make use of integration by part to obtain the answer.

(b) Find the a general formula for Ex(t)& "(t—t,)dt .

2. (15%)Let x(f) bearectangular pulse defined by x(¥)= 1, {t]<1/2 and x(#)=0,
otherwise. The corresponding Fourier transform is denoted as X {(jo), ie.,

X (jo)= [:x(t) exp(—jot)dt. Calculate

(@ X(ja),(®) [:S‘““’dm © Ewd

3. (10%)Let F=a2xy+dx"+d,(z—1). Evaluate the line integral r::?)ff' -d? along
aparabola y=x onthe xy plane.

4. (14%)
(@) (6%) Let AeR™. Showthat N(ATA)=N(4).
() (3%) Let U and V be subspaces of a vector space W and suppose W=U+V.
Showthat UV ={0} ifandonlyif forany we W, there exist aunique uelU anda
unique veV suchthat w=u+v.

5. (16%) Let Ae R™ have no cigenvalues being 1 and -1i.
(a) (3%) Show that AT =—4A if and only if e isan orthogonal matrix for all «.
(b) (8%) Showthat A" =—A ifandonlyif (- AY(I+A)”" isan orthogonal matrix.

6. (15%) Find the
equations general solution of the following differential
6xy dx + (4y + 9x2 )} dy =

7.(20%) Use the La

lace t : .
value problem: P ranstorm to solve the following initial

y" + 2y + 2y =sint , y(0) =1 , y'(0) = 1.
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(1). Design a Wien-bridge circuit to oscillaie at a specified frequency f,= 20 kHz. You need draw
the Wien-brige Circuit (5%) and analyze it (7%), then decide the values of capacitors and
resistors (8%).

(2). In Figure 2 the small signal equivalent of a bipolar junction transistor with simplified hybrid —
7 model and including the equivalent Miller capacitance are shown respectively, where the
circuit parameters are Re =R, = 4k Q, r-=2.6kQ, Re=200kQ, Cr =4 pF, (i = (.2 pF, and
g==38.5 mA/V, Please determine the 3 dB frequency of the current gain for the circuit both
with and without the effect of Cys. (20%) '

T

i"s""'l il‘Rz

- i - -

(3).
{a} For the circuit in Figure 3, find
Io; and I in terms of Iggr.
Assume all transistors to be

|
|
|
matched with current gain 2. Frer { '
(10%) &y 0,
(b) Use this idea to design a circuit j
that generates cuents of 1, 2, and ' —

4 mA using a reference current

bl
source of 7mA. What are the actual F‘ 8""‘”’ 3
values of the currents generated for \I '/
B =507 (10%) % O:

—Vee
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(4).
(a) What is the circuit shown in Figure 47  (4%)

(b) What is the maximum positive output voltage voma: of the circuit and what situation wilk
limit this value? (8%)

(c) What is the minimum output voltage (i.e. maximum negative amplitude} Vo, of the
circuit and what situation will limit this value? (8%)

Qs

Qi )

il

Ffawﬂ- 4

joe—————Cutput stage —————>"

).
(a) Draw the current flow in a pnp BIT transistor biased to operate in the active mode and

explain the Early effect with respectto ¢ and 8. (10%}

(b) Draw the current flow in a PMOS transistor biased to operated in saturation region and explain
the channel length modulation effect.  (10%)
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- 1. A direct semiconductor with n; = 1.5 x 10%m~? is doped with Ny =
10%8¢em=8. Tts low level carrier lifetime is 7= Tp= 10~"s. The sample is
uniformly exposed to a steady optical generation rate of gop = 2 X 10%*
EHP/cm?®-s. For this excitation, calculate the excess carrier concentration
An.( hint: this i3 not a low level injection) (17%)

2, Assume the critical field for breakdown is 5 x 10° V/cm, calculate the
breakdown voltage in the following abrupt Si junction: N, = Ng =1 x
1048cm—3. (note: eg; = 11.8 €o,60 = 8.85 X 10~ Flem?, ny = 1.6 %
10"%em—3) (17%)

3. An Au-n-GaAs Schottky Contact is at T=300K° with Nz = 5x 10'5em—2
( $m=5.1 Volt, x=4.07 Volt, N, = 4.7x 10"7em™?, e = 13.1¢, }. Calculate
(17%)

(a) the build in voltage V.
{b) the barrier lowering A¢ at zero bias voltage.

4. Describe and explain the IV characteristics of a thyristor (semiconductor
contorlled rectifier, SCR). (16%)

5. Consider the npn BIT that is switched from saturation to cut-off. The
base current is switched from Ip to zero. Derive the expression of the
turn-off storage delay time £,4. (16%)

6. Consider a silicon solar cell of area 2 em?. If the dopings of the solar cell
are N, = 1.7 x 10%em™3 and Ny = 5 % 10'%cm 2, and given 7, = 1043,
7p = 0.5p8, Dy = 9.3 em? /s, Dp = 2.5 em? /5. The short circuit current is
I,. = 100 mA under the sun light. Determine the open circuit voltage V.
(note: e5; = 118 €0,6, = 8.85 x 1071 F/em?, n; = LB X 10'°em—3){(17%)
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1. (15%) Let x(f) be arectangular pulse defined by x(t)=1, [f{<1/2 and x(1)=0,

otherwise. The corresponding Fourier transform is denoted as X (j@), i.e.,

X(joy= [ x(t)exp(~jor)dr. Calculate

smco o, J:Slﬂﬂ)l’.‘-OS(Z&)) do
@

@ X(jo), ) [[—
| ) o
2. (10%)Let F=a2xy+d,x’+d,(z—1). Evaluate the line integral fﬂ;:F-de along

aparabola y=x* onthe xy plane.

3. (16%) :
(a) (8%) Let Ae R™", Showthat N (ATA)= N(A).
(b)(8%) Let U and V be subspaceé of a vector space W and suppose W =U+V,
' Showthat U[1V ={0} ifandonlyif forany we W, there existaunique uel/ anda

unique veV suchthat w=u-tv.

4, (24%)
() (7%) Let Ae R™". Show that A is skew symmetric if and only if et

all z.
(b) (6%) Consider the dynamic system

= (1 0].‘((1‘) with x(0)= [ /3] [g]

Use similar transformation technique to diagonalize the system matrix, then solve x(r).

! is an orthogonal matrix for

() (6%) (i) Find the size of x(¢) in the normed space (R2,01-1,) forall £=0.
(ii) Findall 120 such that x(t) is orthogonalto x(0).
(d) (5%) Explain the resuits of (c) from exploiting the property proved in (a}.

5.(15%} Find the general solution of the following differential

equation:
6xy dx + {4y + 9x2_) day =

6.(20%) Use the Laplace transform to solve the following initial
value problem:

y" + 2y’ + 2y =sint , y(0) =1 , y'(0) = 1.
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1.{24%) Explain or answer the following terminologies:. . . - S o
(a) asymptotic stability (b) state transition matrix and transfer functions (c) What is feedback control
and what are its effects? (d) Nyquist plot and Nyquist stability (e) phase lead controller and effects of

phase lead compensation (f} control system -“type“ and steady-state error.

2.(13%) A controlled process is modeled by the following state equations:
) = () —2molt), ol = L00(8) + u(t)
The control u(t) is obtained from state feedback, such that
ult) = ~k121(t) — kaza(t),

where %; and k; are real constants. Determine the region in the k; versus ko parameter plane in which

the closed-loop system is asymptotically stable.

3.(13%) Determine the controllability and observability of the system shown below by the following methods:

u + 1 X _ y

+

>
P

| =

(a) Conditions on the A, B, C, and D matrices.
{b) Conditions on the pole-zero cancellation of the transfer functions.

4.({a)(6%) Explain why the root locus (for 0 € k < o) are found in the section of the real axis only if the
total number of poles and zeros of G(s)H(s) to the right of that section is odd. ‘
(b)(6%) Suppose the relative degree of a minimum phase system is 7. What is the slope of the asymptote
of the magnitude curve of Bode plot as w -+ o007 Wﬁat is the phase angle of the asymptote of the phase

curve of Bode plot as w — oo’

5. Consider a system with an unstable plant shown as follows:

]’+ ® y_._

——’(f—-’ G.(5) » Plant »

where Ge(s) is the controller to be designed, and the state-space representation of the plant is

& = z+3u,

y = T+u
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so that the damping ratio of the

(a)(10%) Design a controller with the tratsfer function Gc(s) = . _}i >
closed-loop system is 0.5, and the undamped natural frequency w, is 1 rad/sec.

(b}(6%) If the answer of o you get in part (a) is 4, find the range of & so that the system is stable.

(¢)(6%) Find the phase margin when k= v2, a = V2.

6.(16%) Assume that A € R™® b € R™?, and k € R™". Prove that the system i controllable iff
{A — bk, b} is a controllable pair.
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1. (10%) Prove by induction that 1172 + 12%""" is dividable by 133 for all n 2 0

2. (10%) Given 3 sets A, B, and , prove that (A-B)-C=(A-CO)-(B-C) .
3. (10%) ERErg, EEFRRE HER SR LN B BATRE k(A 2R, EEgik
o B/ NI, EEHEFAURS kn AIA G ITRERESL, SHRBRF 1/ W, SRR ST RERVERE

AR
4. (10%) Given a relation matrix R of 5 objectsina set {1,2, 3,4, 5},
1 0101
00110
11001
00110
01010

« A value 1 of R miatrix element (m,r)} (i.e. row m and column #) means that object m relates to abject 1.
A value 0 means that it does not relates to object 7.
«  Forits wransitive matrix R’ (=R), R R’ ..., we can represent them as functions flmn), f 2(m,m),
Fmn), ..., where mand n € {1,2,3.4,5} and fitmn) € {0,1}.
Derive the values of £/(4,3), £(5.1). £(2,1), and ).
5. (10%) Given boolean variables p, g, and 1, (p’, ¢, and 1’ represent the complement of p, g, and 1,

respectively), prove the formula is true:
pag = (IA(PVE) v (PAT)
6. {10%) Prove the following equation with generating function :

n 2 n 2 n ¢ 2n
G (D --- - (-
(Note: Prove in ways other than using generating function will not get any score)
7. (15%) For a complete graph Ko,
(a) (10%) What kind of n value would the complete graph contains a Eularian circuit (Brh7EEE)?
Prove your answer. .
(b} (5%) What kind of » value would the complete graph does not contain a Eularian circuit? Prove it.
8. (10%) Given a map (2fE) in the following, ‘
(a} (5%) Construct the adjacency (FHHT) graph of the map where each vertex represents a region in
the map and each edge represents a border between two adjacent regions.
(b) (5% Partition the graph vertex set into a minimum number of disjoint vertex subsets such that
between any two vertices in the saine partition, there does not exist an edge in the adjacency

graph.

9. (15%) A binary search tree isa rooted tree where each node is labeled a distinct value. It maintains a
property that:
o the values of all nodes in its feft subtree is smaller than that of the root node
+  the values of all nodes in its right subtree is larger than.that of the root node
This property also holds for any subtree of the tree, recursively.
Write a recursive algorithm to delete the node with its labe]l matching a given value K.
(i.e. Afler the node is deleted, the tree must stiil be a binary search tree.)

(Hint: 4oiRiS node 7E tree ER TR RS KA S SBAF deletion FIRESICL)
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1. [6 53] KU TF1 prefix 1 postfix AGFTRERSTBIBHARK postfix il prefix FIZR
o WSREAE 0 B stack ISR BRFOREN -
(a) /-2-*$238/+35%226
(b) 25325-+8*53*-

2. [4 4] TEE IR queue :

front rear
0 1 2 3 4 - 5 6 7
| | | [ [ F [ G [ |

SR RS T A A=> TIA D= il = MAB=> g => 1
AC=> A H=> filk = M- ?ﬁ%ﬁ@—?ﬁ‘%ﬁﬁ% » quene ZAREER
front « rear BYFFE ©

3. [3243] e —BFIE 395 - 701 ~ 572 - 402 ~ 636~ 518 ~ 590 ~ 613 ~ 655~ 347 »
111 + 100 - SEARIR TH(R)(@)Z FE T BIR B/ NEIRZ BT - e — P BGF
HES R - ik - FEEEREE®) -

{a) Bubble sort ° '
(b) Selection sort °

(¢) Insertion sott ©

(d) Shell sort -

(e) Quicksoﬁ °

(f) Merge sort °

(g) Heapsort »

(t) g REAEL RFEEREERM?

4.{124) BE—FEELS (a2 by 6xd wevf] ERFNERFR a<b
<..<y<zoF
() IRHEEATERIFFEIL— AVL tree > A E SRR
(b) ¢ LIFO (Last key inserted is first removed ) BONEFEE I HE 2R ER
B e — SRR R -
(c) 4% FIFO (First key inserted is first removed) HYIEFEE S EETAER
o WEE S REEIET -

5.[6 4] #8513 T H— complete m-ary tree » H height 5 » HEF k{H leaves
Blk<m" o
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#a: K HA FME G L,

6. [12 53] {555 text £ “aaabaadaabaaa” » 5EF] T5 H 5155 pattern “aabaaa” »
MrEFA PR :
{a) Brute Force ©
{b} Boyer-Moore Algorithm ©
{(c) Knuth-Morris-Pratt Algorithm -

7.5 53] TR TR BARE AP BREHREH(E T2 undirected
edges ARSI - B HMEARAFHERERD -

b ﬂ d § f
7 4 4 5
5 45 LY
6 4 4 i
a » g » > d z z
4 hog
L 1S ¥5 S
4 5

i 6 k 4 m-

8.[1047) BT FRa b RcEBTEY > Hhb22  Hf:Z' >R - NF
| fhy=c :
fmy=af(n/b)+e, forn=>b" k=1,
HIEHFTE n=1~ b~ b~ b° ~ ..
(@) B a=1Ff - f(n)=c(log,n+1) -
0 % a>28 - )= =D
a—1
9, [8 43] 28— complete binary tree T E node {HE a~b-c~ ... i j R k- BH
HA#88 postorder FEMIFTIE debhifjkgea  SHTBIBRTIIEE & T
B
(a) T~ Height £53 -
(b) T 27245} Height 5 3 «

10. [5 4] 54§52 “dogs do not spot hot pots or cats” FJ Huffman coding
algorithm SRS + MiHGRANIEIE RGN -
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Problem 1 : Please find the minimal POS expression with a minimal number of variables
for each of the following functions. (20%)

1). Z; = %(0,3,5,6)
9). Z, =11(0,2,5,7,8,10,13,15)

Problem 2 : Please classify the followin.g memories into three categories : (A) volatile,
(B) non-volatile, (C) neither of the previous two categories. (10%)

SDRAM  SRAM
EEPROM FLASH -
OTP ROM DRAM

MRAM PROM

EPROM FRAM

Problem 3 : MUXs are easily to be used to realize other Boolean functions. Referring to
Figure 1, a 4-to-1 MUX is shown. Note that Sp and S, are selection lines (85 and Sy will
be generated internally) while I, I, Iy, I are the inputs. Z is the output. Assume that if
8,8, = 11, then Z = Iy; if 515 = 10, then Z = I, and so forth. You are ask to draw the
schematic using the MUX to realize each of the following boolean expressions, respectively,
given A and B are input signals. (10%)
Z1 = A-_E Z2 = m
Zs=A Zy=A®B

L

!

5/3.) 85,

Q' 0 1

|

Figure 1: 4-to-1 MUX

Problem 4 :‘Try your best to use path sensitization to derive a test vector for the fault
i/s-a-0 in the circuit of Figure 2. (10%)

e

Figure 2: a circuit under test
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Problem 5 : Derive a transition table and a state (flow) table for the circuit in Figure 3.

(10%)
F__t

}J

Figure 3: FSM of Problem 5

Problem 6 : Referring to the following state-transition table in Table 1, the inpuf o the
Finite State Machine (FSM) is & two-bit vector which will force the FSM to jump out the

current state to the next state accordingly. Please find out a low-power state agsignrnent

of the FSM. You have to explain why your assignment can save power than a random

assignment of the states. (10%)

current state next state

input = 00 input =01 input= 10

plRla|-me=liglulalw| =
alasloEl~- | | s aiR e -
wlalelmf- iR R|=|EH|wim @
glalaja|r|oir|al ®j—iald

Table 1: FSM table of Problem 6

Problem T : Please draw a circuit containing only XOR gates and DFFs to realize the
following encoder equation.
Z=flz)=*PzP1

where T an input bit stream, and Z is an output bit stream. {10%)
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Problem 8 : The microprocessor is the most powerful digital device in logic design, since it
comprises many functional blocks, e.g., ALU, register file, etc. It also initiates transactions
with external memory devices. The software code, i.e., the assembly language, is the tool
to drive such a powerful device. Referring to the following 8-bit 8086/88 microprocessor '
codes, please write down which will NOT initiate mémory transactions. (10%) .

1). MOV [DI, AX

7). MOV CL, 0FH

3). SHL BYTE PTR [DI+BX], CL
4). SHR DX, CL

5). LAHF

Problem 9 : You are only allowed to use two-input byte-wide adders, shift registers, and
DFFs to design a circuit to implement the following function.

Y = [2 x X(6)] + [4 % X(t = 1-T)] +[10 x X (£ — 2cot T)] +[6 x X (¢ — 3-T)]

where X () is the sampled value of an 8-bit input at time ?, T is a delay which is identical
to the delay of the DFFs. Please draw a block diagram of your design. (10%)
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I. (25%)'Computer System Performance ' ' ‘

1. (10%) Define the following for a disk system:
S = Seek time: average time to position head over track.
R = Rotation speed of the disk, in revolutions per second.
N = Capacity of a track, in bits.
B = Number of bits per sector.
T = Time to access a sector.
Develop a formula for T as a function of other parameters.

2. (15%) Consider a computer system that contains an [/O module controlling a simple keyboard/printer teletype. The
following registers are contained in the processor and connected directly to the system bus:

ACC: Accumulator.

INPR: Input Register, 8 bits.
OUTR: Output register, 8 bits.
FGI: Input flag, 1 bit.

FGO: Output flag, 1 bit.

TEN: Interrupt enable, 1 bit.

Keystroke input from the teletype and printer output to the teletype are controlled by the VO module. The teletype is able
to encode an alpha numeric symbol to an 8-bit word and decode an 8-bit word to an alphanumeric symbol.

(a) (10%) Describe how does the processor use the first five registers to control the /0 module, when keystroke input
from the teletype and printer output to the teletype, respectively.
(b) (5%) Describe how the function can be performed more efficiently by also employing [EN.

1. (25%) Instruction Set and Computer Arithmetic
1. (10%) Designa variable-length opeode and operands to allow all of the following to be encoded in a 40-bit nstruction.

15 instructions with two 16-bit addresses and one 4-bit register number.
1000 instructions with one 16-bit address and one 4-bit register number.
50 instructions with no addresses or registers.
<Note> You must show the max. and the min. number of bits in OP code and operands, respectively.

2. (15%) Computer Division Operation and Floating Point Represe:ﬁtation
(a) (5%) Express ~240 in IBM’s 32-bit ﬂoaﬁng—poiﬁt format (Bias = 64), which uses a 7-bit exponent
with an implied base of 16. Assume no normalization is used. '
(b) (10%) Divide (-7) by (3) in binary two’s complement notation using 8-bit word. The dividend -7
is first loaded into A and Q registers and the divisor (3) is loaded into M register.
<Note> You must show the steps of how to shift and restore the 8 bits in A and Q registers.
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TIL. (25%) Virtual Memory and Cache Memory

1. {10%) The following sequence of virtual page numbers is encountered in the course of execution on a computer with
“virtual memory: 342647132635123.
Assume that a LRU (Least Recently Used) page replacement policy is adopted. Calculate Page Hit Ratio
(fraction of page references in which the page is in main memory) as a function of main memory page capacity N for
1< N <g§ - Assume that the main memory is initially empty.

2. (15%) Consider a 512K byte cache memory and a 256M byte main memory hierarchy, in which

Cache access time for every word = 10 ns.
Main memory access time for every word = 100 ns.
Cache block size = 64 bytes, Sector size = 16 blocks, Word size = 4 bytes.

(a) (5%) Show the address format (how many bits in tag, set, and word) of a 4-way Set-Associate Mapping.
(b) (5%) Show the address format (how many bits in secter, block, and word) of a Sector Mapping.
(c) (5%) Calculate Cache Miss Penalty (CMP in ns) by assuming that cache hit ratio = 0.9,

IV. (25%) Pipeline and Multiprocessor Architectures

1.(10%) Fora 10-stage linear pipeline, given the following data:
N = the total number of tasks = 1,000
t = clock cycle time = 1 ns
D = Latch delay = 10 ns.
H = the cost of each latch = 0.1 dollars.
C = the total cost of all logical gates of stages = 100 dollars.
T = the total time required to execute a non-pipeline sequential program = 10 us.
(a) (5%) Calculate the optimal number of stages to maximize the PCR (PeTformance-Cdst Ratio).
(b) (5%) Calculate the Speedup, Efficiency, and Throughput of this linear pipeline.

2. (15%) Multi-computers and Multiprocessors.

" (a) (5%) Calculate the end-to-end communication latency fora 10,000-byte packet traversed through 1000
nodes (including source and destination nodes) using store-and-forward, assuming that the channel
bandwidth is 10 Mbits/sec. ’

(b) (5%) Based on the same conditions, calculate the communication latency using worm-hole routing
with the 10,000-byte packet being divided into 1000 small flits.
(c) (5% Identify three major differences between message-passing multi-computers and shared-memory

multiprocessors.
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Solve the following problems (20% each). Write down the solutions explicitly
according to the given order, and attach the derivations on the solution sheet.

(Problem 1) For capacitor C, Let Vc(0)=0, i{t)=5(t) find Ve(t) = _(1)

(Problem 2)

itA)
A

101

—> 1{s)

H

Current [ is periodic as shown above. Determine
the rms value {effective value) of current i, What
average power will this current deliver to a 12-0)
resistance?

i= (2) ;Pw= _(3)
( Problem 3) For the following circuit, find the Thevenin and Norton Equivalent

Circuit,

Vo={(4)_ :Rs=(5)_;and draw the circuit _(6)
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(Problem 4) For the circuit with 1{1)=100c0s100:

100cos 100tV I1H

(1) Find pf= _(7)_ :
(2) Change pfto 0.95Add a capacitor C =__(8)

(Problem 5) In the following network, find current i and voltage v, for t>0

20 uin) V
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1. (a) For Fig.1, solve the voltage magnitude and phase angle of Bus 2 by Newton-Raphson method for two
iterations. (Bus 1 is the slack bus and the initial value of V3 is 1.0£ 0" . (15%) :
(b) Based on the results in (a), calculate the line loss. (5%)

1 2

| ———> 100 MW
O

V=1.0£0°

Z,,=0.12+j0.16

——'r——b 50 Mvar

Fig. 1

2. The fuel-cost functions for three generator units in $/h are given by

Cy=312.5+8.25P+0.005P,> S0<P; <250MW
Cy=135+9.98Py+0.006P;> 5<P,<150MW
C3=60+9.76P5+0.006P5> 15 <P3<400MW

Solve the optimal dispatch if the total load is 450MW. (15%)

3. For Fig.3, a fault occurs at Bus 3 with fault impedance of Z=j0.19. Calculate the fault current and the voltage
magnitude of Bus 3 during fault. (All impedances in p.u.) (1 5%)

.65 j0.075

Fig. 3
4. (a) For the system in Fig.4, a generator with an inertia constant of 5.66MJ/MVA is connected to an infinite loss.
All impedances are expressed on a common MVA base. The generator is delivering a real power of 0.77
pu toBus 1. Solve the generator excitation volfage and obtain the swing equation. (1 5%)
(b} When a bolted fault occurs at point f in Fig.4, Determine the critical clearing time by graph method. (10%)

Fig. 4
5. A 208-V, 35-kVA, 0.85 PF leading, Y-connected, 60-Hz synchronous motor has a synchronous reactance of 2Q
and a negligible armature resistance. It has a friction & windage loss of 1.2 kW and a core loss of 1.0 KW. If the
motor terminal voltage magnitude is kept at its rated value, what are the motor line current (per-phase) i, and
internal generated voltage E, when the motor shaft is supplying a 20-hp load at 0.85 PF leading? What will be
the new operating current and power factor if the oﬁtput of shaft is increased to 30-hp (with fixed field

excitation)? (25%)
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1. Two conductors are immersed in a homogeneous lossy dielectric with dielectric constant
¢ and conductivity . A current will flow from the positive to the negative conductor
and a current density field will be established in the medium. Prove that the product of
the capacitance and the leakage resistance of this two-conductor system is a constant.

(15%)

2. There is a spherical dielectric centered at the origin in free space. The relative dielectric
constant is 10 and the radius of the sphere is 2. Inside this dielectric sphere there are
three charges +Q, 20, +30 located at (1, 0, 0), (0, 1, 0), and (0, 0, 1), respectively.
Find the outward flux of the electric field over the spherical surface at a distance » = 10.

(15%)

3. There are two infinite plane current sheets located A/4 apart in free space, each carrying a
current of the form. '

J =4Jcoswt  , atz=0
J,=4J,cos(wt+ax) , atz=4/4

respectively. Find the ratio of the amplitude of the electric field in the region z > 4 /4 to
that in the region z < 0. ' _ (20%)

4. Derive the expressions of field components of the TM waves inside a rectangular
waveguide. Start from solving for the longitudinal component from the Helmholtz
equation, and then the rest of the field components from the longitudinal component.

(20%)

5. Briefly answer the following questions. (5% each)

(a) What is a uniform plane wave? Write down the mathematical form of a uniform
plane wave propagating in the y-direction in a Cartesian coordinates.

(b) Explain why single-conductor waveguide can not support TEM waves.

() What is the essential difference between a transmission line circuit and an ordinary
electric circuit? ,

(d) What is a Smith chart? Where is the point representing a matched load on a Smith
chart? -

(¢) Does the magnetic field intensity due to a cutrent distribution depend on the
properties of the medium? Does the magnetic flux density? ,

(f) What is the basic principle in applying the method images for solving the potential
distribution due to electric charges?
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1. Prove or disprove the following statements;
(1) The intersection of two vector spaces is & vector space.
(2) The union of two vector spaces is a vector space.

2. Let AX = B be a system of m equations in n unknowns. Please give the necessary
and sufficient condition for solution existing. (There is at least one solution)

3. Let T be a linear operator space V of dimension 3, and let X be a vector nV.Iifp
denotes the smallest positive integer such that (T-2I)° (x) = 0, and (T-2D) 2 (x),
(T-21)(x), x are independent vectors, then

(1)What is the mafrix presentation of T by the ordered set {(T-2D) 2 (x), (T-2D)(x), x}?

. (2) Find the eigenvectors of T.

4. Provide reasons for those of which who are pot inner product on the given vector spaces.

10
(a) <x,y>=xAy* onC * where A=[O J .

2
(b) <x,y>=xAy* on C*> where A =( . ;]
—i
(c) <A, B>=tr(A + B) on M, (R), wherc tr denotes the conventional trace operation
tra(A)= 3 4.
i

(d) <A, B>=tr(A* B) on M », (R), where tr denotes the conventional trace operation
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5. Reading Comprehension;
Theorem 1.10 (Replacement Theorem).  Let V be a vector space having a basis
£ containing exactly n elements. Let S={ y,,..., ¥,,} be a linearly independent subset
of V containing exactly m elements, where m< n. Then there exists a subset S, of
A containing exactly n-m elements such that S S,, generates V.

Proof, The proof will be by induction on m, The induction begins with m = 0;
for in this case S=¢, 50 S,=F clearly satisfies the conclusion of the theorem.

Now assume that the theorem is true for some m, where m <n, We will prove
that the theorer is true for m+1. Let 8={ y,,..., V> Vpuu § D€ 2 linearly independent
subset of V containing exactly m+1 elements. Since { ¥,,...,¥,, } is linearly
independent by the corollary te Theorem 1.6, we may apply the inductive hypothesis
to conclude that there exists a subset {x,,...,x, , } of # suchthat{y,....y,}V
{x,,..., %, } generates V. Thus there exist scalars 4,.....a,,.5,,0,,....5, , such
that

Vo1 SGY, +o 4@, Y, +bx +byxy +oet b X, 9
Observe that some b, say &, is nonzero, for otherwise (9) would imply a

contradiction to the assumption that (a). Solving (9) for x,, gives

x! = (_bl-lal )yl +eest (—bl—l am )ym - ("bl—l )ym+l + (_blnlbz )x".’ et (~bl-tbn—m )xn-m

Hence x, €5pan({ ¥...., ¥o» Vst s X2 50003 Xy 1) BUL SINCE ¥y, Vo Xa X,

are clearly elements of Span({ ¥;,.... ¥pu» Yo 2 %2 »-++ s Xnoy - it fOllows that
{yl!'“!ym!xi’x:.”“‘!xn—m }.c_:span({yls---aym’ymlsxz 5"'5xn-m})'
Thus Theorem 1.5 implies that
SPA({ ¥y 55 Yms Vst » ¥ 5-0 s Ko 11V,

So the choice of §,= (b) proves that the theorem is true form + 1.

This completes the proof.

(a) What is the assumptionin (a)?
(b) What is the Set S, in(b)?

{c) What should be Theorem 1.5 about?
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1. For the uniform random variable defined by
1

fr(®)={b-a’

0 - , otherwise
Where a and b are arbitrary real values. (a) Find P{0.94+0.16 <X £0.7a+03b} {10%)

a<x<h

(b) Pr{(a+ b)2 <X =b} (10%) (Note: P{A} denotes the probability of event A).

2 Assume that X is a random variable and Y is another random variable proportional to the power of
the random variable X, e.g., y=g(x) = **, for x=0, and is zero otherwise.

(a) Given fx(x) of random variable X, find the probability density function of random variable Y,
- ). (10%) :
(b) Find fy() if random variable X is Gaussian disiribution (5%).

3. The time that it takes to serve a customer at the cash register in a mini-market is a random variable -

having an exponential distribution with parameter }, ie.,

Jr(t) = Aexpl -A1], tz0

Supposed T and T; are service times for two different customers, assumed independent of each
other. Consider the total service time T,= T + Tz for the two customers, also a statistic.
(2) Find the curnulative distribution function of Te , Fra(10%)
(b) The probability density function of Ta, fr {£) (5%0).

4 Let the random variables X and Y be independent and Gaussian, and Jet each have a mean of zero
and a variance of o°. If a new random variable Z is defined by

Z:a—{
4

(a) Find the conditional probability density function of Z given Y. (8%)
(b} What is the probability density function of Z. (7%),

5, The power (in_ milliwatts) returned to a radar from a certain class of aircraft has the probability

density function

folp) = et u(p)
Suppose a given aircraft belongs to this class but is known to not produce a power lai'ger than 15
mW. Where u (p) is denoted as the unit step function of p, -

(a) Find the probability density function of P conditional on P =15 mW. (7%)
(t) Find the conditicnal mean value of P. (8%) ‘

6. Random variables X and Y have respective density functions

folx) = l‘[”‘x) —u(x - a)]

fr(y)=bu(y)e™

For a0 and 5>0. Where # (x) is denoted as the unit step function of x. (a) Find and sketch the
density function of W=X+Y if X and Y are statistically independent. (10%} (b) What is the
characteristic function of W. (10%)
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Communications: 10 points for each problem -

1.

What is “noise figure” of a system? Describe its importamce. Derive the
overall noise figure for a three-stage cascaded system with stage gain Gl, G2,
G3, and corresponding noise figure F1, F2 and F3.

. Differential pulse code modulation DPCM can be used to reduce the data rate of

a communication system if the data samples are highly correlated. If the first
difference of a data stream x(r) is d(r)=x{r)-x(r-1), r=1,2,3 «--, For a zero-mean
stationary random process, derive the condition for adjacent sample correlation
coefficient such that DPCM is NOT better than PCM.

. Why do we use “compander” 7 Describe its importance. How can we design

- mathematical equations to “compress” and “expand” the signals in mobile

communication systems.

. Why and how do we use envelope detection for “commercial” AM systiem (DSB/LC)

instead of other techniques? What are the other techniques?

. Why and how do we use preemphasis and deemphasis techniques for FM SNR improvement?

. What roies are the “Wiemer filter” and “matched filter” playing in

communication systems? Explain their importance and derive mathematical
equations for their implementations.

. What is “Gram-Schmidt Procedure” ? Explain its basic idea and derive the

mathemaiical equations.

. What are the differences among Bayesian decision rule, maximum a posteriori

decision rule and maximum 1ikelihood decision rule? Derive the optimal threshold
for detection of Gaussian random signal corrupted by independent additive white
Gaussian random noise.

. Derive the probability of error for binary orthogonal signals. How can the union

bound be used to calculate the probability of error for M-ary orthogonal signals?

10.What are the differences among CDMA, FDMA and TDMA? Design a circuit to generate

m-sequence of length 31. Why do we use Gold codes and how to generate them,

# 1A F LR
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