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Physical constants:

K=1.38x10% /K

e=1.60x10"° C

£o =8.85%1072 F/m

h =6.625x10%J-s

Silicon; Eg=1.12 eV (300 X)

Egi = 11.7 Eo

n

Bilicon ;m..* =1.08 mp; mh*=0.56 Mo

1. To calculate the open-circuit voltage of a silicon pn junction solar cell.

Consider a silicon pn junction at T = 300 X with the following parameters:
(20%)

Na = 6x10" em®; Nd = 1x10"® em™®; D,= 25 cm®s ; Dy=10 cm’/s ;
Tno=5%107"s ; Tpo= 107g ; ;= 1.5x10" cm™® ‘Let the photocurrent density
beJp = /A = 18 mA/cm? .

. Plot and explain the I-V characteristic of a tunnel diode with a reverse

bias voltage. {(10%)

. For a non-degenerate Silicon =n-type semiconductor, calculate the
maximum doping concentration of Arsenic (ionization energy = 0.05 eV in

Silicon) at T = 300 K., (10%)

. Derive to obtain the electron effective mass under an applied electric
field. (15%)

. For a undoped Si semiconductor; What is the possible type;norp ?
Calculate (8%0) and explain. (7 %)

. To calculate the actual Schottky barrier height in a metal-semiconductor
diode for zero applied bias. Consider a contact between metal ( ¢m = 4.55
V) and n-type Silicon doped to Nd =10 cm™ at T = 300 K; the electron
affinity for silicon; = 4.01 V. (10%)

7. Consider a Silicon pn junction at T = 300 k with doping concentrations of

Na = 10" cm™® and Nd = 10 cm’. To calculate (a) the space charge
region width in n-type; X, (b) the electric potential in the space charge
region, at X,=0.5 pm ; (¢) breakdown voltage .

( the maximum electric field in pn junction; Ec = 1x10° V/cm ) (20%)
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1. Determine and sketch the steady output voltage V, for the circuits in Figure
1.a and Figure 1.b respectively. Their input signals are given by its figure
respectively and assume the cut-in voltage 17 = 0V and on resistance r;=
0 for the diode, 2*10%

2. As far as the devices shown in Figure 2 are concerned,
(a). Please draw and explain what Base-Width Modulation Is and what
Channel Length Madulation is. 10%
(b}). Please plot the concentration profile of the minority carrier in (i) a
cut-off, (ii) a forward-active, and (i) a saturated npn bipolar transistor
respectively. 10%

3. Please use a Zener diode with a breakdowrn voltage of 5.6V to design an
Op-amp voltage reference source as shown in Figure 3 with an output of
10.0V. Assume the voltage regulation will be within specifications if the
Zener diode is biased between 1-1.2mA. In other words, please design the
values of Ry, Ry, Ry, R:and R-. 20%

4. Please design an astable circuit as shown in Figure 4 Using a 680pF
capacitor to obtain a square wave with a 50-kHz frequency and a 75% duty
cycle. Specify the values of R, and Rg, 2*10%

5. For the circuit in Figure 5,
(c). Please break the loop at node X and find the loop gain.

(d). For R = 10kQ, please find C and Ry to obtain sinusoidal oscillations.
2*10%
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Part1(25pts). The Fourier transform (FT) of x(r) is defined as

X(jo) 2 Ex(t)e'j"” di. Let w{f)=1 beaconstant function. Define

1, tz0 1 t=0
) = d . . . ] =
»(®) {—l, r<p ™ unit step function u(z) {O, <0

(@) Find the FTs: W(jo)=_ (1) _, Y(jw)=_ (2) _ and Ujw)y=__(3)
(b) Express the FT Z(jaw)=___(4) _ of z(t) = _Enx(r)dr in terms of X(ja).

(c) Evaluate the integral J:U (Jodw=_(5) .
Part I (10pts).  The spherical coordinates (r,6,¢) is related to the rectangular coordinates

by r=yzx’+y 42, @=tan(Jx* +y? /2), d=tan*(p/x). Let ?=5,1+592—a¢3.

() Find the surface integral Lﬁ' "ds=__(6)  where S isaportion of an upper sphere
(z>0)with #=%/3. The radivs of the sphere is 2.

M Find F=_ (7 the x-component of F ata point whose spherical coordinates is
2,xld,xid),

2. (30%) Let V=R"", W={we V|w =w'},andlet L be a(ransformation from ¥ to W. Definea
scalar-valued fimetion (,-):¥xV >R by {(u,v) = r(m’v).
‘(2) (4%) Showthat L defined by, forany veV, L(v):= %(v+ v7} is linear and onto.
(b) (4%) Showthat (¥,{,}) isan inner product space.
(© (6%) Derive the orthogonal complement W+,

Now let’s consider n=2 case. Let £ and F be the orthonormal bases, generated from the ordered

basis £ = [[(1) 8][8 })][‘1’ g][;’f g}] for ¥ and the ordered basis F = [B 0][(1’ (1)] [g ﬁ]] for W,

respectively.  For simplicity, assume that all entries of vectorsin £ and F are normegative.
(d) (8%) Derivethematrix 4 torepresent L with respect to the orthonormal bases E and F.

() (8%) Find the set of all vectors ve¥, denoted by v = [g 3] with a,b,¢,d e R, having the
property that the angle between v and itsimage w in W is 45°,ie. £(v,w) = /4.

: 32 : :
3. (15%) Evaluate 4(: PRy dz, by using the residue theorem,

‘where C © 51 =4.

. . : 2
4(209% Find the general solution of the differential equation: . x (y'-D=vy
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The Fourier transform (FT) of x(¢) is defined as

X(jw) 2 Ex(t)e"j"” df. Let w(f)=1 bea constant function. Define

-1, <0 0, t<Q
(2) Find the FTs; W{(jw) =_ (1) , Yo =_ (2} _and U(jw) =_(3) .

(b) Express the FT Z(jw)=__ (4) _ of z(f)= Esx(r)dr in terms of X (jw).

L 120 : : , 2
) = { and unit step function u(z) = {1 0

2. (40%) Let L:¥V > W be a linear transformation between vector spaces V' and W with dim¥V =p

and dimW =q, and let E = [vl,---,vp] and F = [w,,---,wq] be two ordered bases for ¥ and W,
respectively. Let 4 be the matrix representation of 7 with respeét tobases £ and F.
() (10%) Showthat L is onto ifand only if matrix 4 is full row rank,

Now let’s restrict ¥ =R"™™ and W = {weV | w=w'},and let L be a transformation from ¥ to W.
Define a scalar-valued function (,):Vx¥ >R by (u,v) := tr(u’ V).

(b) (4%) Showthat L defined by, forany veV, Liv) = %(v +v’) is linear and onto.

(c) (4%) Show that (¥,(-)) isan inmer product space.

(d) (6%) Derive the orthogonal complement W*.

Now let’s consider n=2 case. Let £ and F be the orthonormal bases, generated from the ordered

basis £ = [[}) 0},[8 é} [‘1) 8][5 g]] for ¥ and the ordered basis £ = [B 0][‘1’ (1)] [g ﬂ] for W,
respectively. For simplicity, assume that all entries of vectors in E and F are nonnegative.

() (8%) Derivethematrix 4 to represent L with respect to the orthonormal bases £ and F .

(f) (8%) Find the set of all vectors v €V, denoted by v = [‘; g] with a,b,¢,d e R, having the

property that the angle between v anditsimage w in W is 45%,ie. A(v,w) = xf4.
3. (15%) Find the general solution of the differential equation: x 2 (y=-D= y 2

4. (20%) Find the Laplace transform of the function: (1 —cost) /1.

. I | EE R I ' S
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For the closed-loop system shown in Fig. 1, please answer the following qﬁestions.

I. (20%) Suppose G(s)=1/(s*+4s+1), F(s)=1/(s+2) and C(s)y=4+(4/5),
please find the range of % for stabilizing the system. Also find the transfer
functions Y(s)/D(s) and Y(s)/R(s), where Y(s), D(s) and R(s) are the
Laplace Transforms of y(1), d(f) and (¢), respectively.

2. (10%) Suppose G(s)=(s—1)/(s* +4s+1), F(s)=1 and Cisy=1/(s-D. Is
the closed-loop system stable? Explain your answer.

3. (20%) Suppose G(s5)=1/(s+2}, =0 and F(s)=1/(s+4), and disturbance d is
known to be a sinusoidal signal of frequency 1/(27x) Hz. Please design a
second-order controller which has the form C(s)={(25+b)/(s* +a;s+a,) to

achieve perfect asymptotic disturbance rejection (that is, disturbance 4 does not
affect output y in steady state).

F(s)
r e + ¥y
Lol Cs) G(s) 1>
k [
Fig. 1

4. (20%) Consider a plant G(s), whose response to a umit step function is

W)= E(l—e'_r)dr. Please determine the transfer function G(s). Is it BIBO
(Bounded-Input-Bounded-Output) stable? Why?
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The block diagram of the circuit in Fig. 2(a) is plotted in Fig. 2(b). Please answer the

following questions.

5. (10%) Please find the transfer functions C(s) and G(s).

product 1C to obtain a gain margin of 20 dB. In this case, given a positive unit

6. (20%) Figure 3 plots the frequency response of G{s). Dietermine the value of the
step input r, what is output y in steady state?

u
Fig. 2(b)

Fig. 2(a)
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1. (15%) Please answer the following questions briefly.

(a} Compare the differences between RAID 3 and RAID 5. (5%)

(b) What is superscaler? What is superpipeline? {5%)

(¢} What are the differences among UMA, NUMA, and CC-NUMA? (5%)

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

INPR:  Input Register, 8 bits

OUTR: Output Register, 8 bits

FGi: Input Flag, 1 bit

FGO:  Output Flag, 1 bit

IEN: Interrupt Enable, 1 bit

Keystroke input from the teletype and printer output to the teletype are controtled by
the I/O module. The teletype is able to encode an alphanumeric symbol to an 8-bit
word and decode an 8-bit word into an alphanumeric symbol.

{a) Describe how the processor, using the first 4 registers above, can achieve I/O with
the teletype. (10%)

(b) Describe how the function can be performed more efficiently by also employing
IEN. (5%}

3.(20%) Consider a machine with a byte addressable main memory of 2'® bytes and
block size of 8 bytes. Assume that a direct mapped cache consisting of 32 lines is used
with this machine.
{(a) How a 16-bit memory address is divided when accessing the cache? (5%)
{b) Into what line would bytes with each of the following addresses be stored? (5%)
0001 0001 0001 1011
1100 0011 0011 0100
1101 0000 0001 1101
1010 1010 1010 1019
(c) Suppose the byte with address 0001 1010 0001 1010 is stored in the cache. What
! are the addresses of the other bytes stored along with ir? (5%)
i (d) How many total byies of memory can be stored in the cache? (5%)

4. (10%) Describe a simple techmique for implementing an LRU (Least Recently
Used) replacement algorithm in a four-way set associative cache.

5.(15%) Consider a computer system with both segmerntation and paging. When a
segment is in memory, the space overhead of the segment comes from two sources:
internal fragmentation and page table entries for the segment. Assume that the
segment size is 5, and each page table entry occupies 8 bytes, What page size (in bytes)
minimizes such overhead?

6.(10%) A computer has a cache, main memory, and a disk used for virtual memory.
If a referenced word is in the cache, 20 ns are required to access it, If it is in main
memory but not in the cache, 60 ns are needed to load it into the cache, and then the
reference is started agajn. If the word is not in main memory, 12 ms are required to
fetch the word from disk, followed by 60 ns to copy it to the cache, and then the
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reference is started again. The cache hit ratio is 0.9 and the main-memory hit ratio is

0.6. What is the average time in ns required to access a referenced word on this
system?

7. (15%) Consider a situation in which two processors in an SMP configuration, over
time, require access to the same line of data from main memery. Both processors have
a cache and use the MEST protocol. Initially, both caches have an invalid copy of the
line. The following figure depicts the consequence of a read of line x by processor P1.
If this is the start of a sequence of accesses, draw the subsequent figures for the
following sequence:

(a) P2 reads x. (3%)

(b} P1 writes to x (for clarity, label the line in P1’s cache x”). (3%)

{c) P1 writes to x (label the line in P1’s cache x°*). (4%)

(d) P2 reads x. (5%)

Main Memory
X
Memory
Access
Cache / Cache l
X Snoop
Processor Processor
P1 P2
State transition State transition

%

Hint:
I: Invalid, E: Exclusive. Both of them indicate the state of a cache entry,
and there are two other states for each cache entry.




;
i
i
!

FB ENERI(ersEtnmmEs)

A2 E % | ®

1. (20%]) Please answer the following questions briefly and 1o the point,

{8} (3%) Give two advantages of linked ¥ists over arrays and explain why.

(b} (3%) Describe how to use array to implement a stack and a queue, respectively.

(c) (3%) Describe how to use linked list to implement a stack and a queue, respectively.
(d) (3%) What is a heap? How to implement a heap using an array?

(e} (3%) What is binary search? Can we implement binary search using Jinked 1ist?

(f) (3%) What are advantages and disadvantages of hashing?

{g) (3%) Why don’t we use one MIN-heap and one MAX-heap together instead of one
MIN-MAX heap?

(h) (3%) What are advantages and disadvantages of AVL-trees?
(i} (3%) Give two representations for graphs.

(i) (3%) What are the main advantages with 2-3 trees over binary search trees?

2. (15%) Suppose you are given the following 10 numbers:
90,60, 70, 100, 10, 50, 40, 26, 30, 80,

(a) (5%) Consiruct a binary search tree for these numbers presented in the given order.
Please draw the resulting tree.

(b) (6%) Please show the in-order sequence, pre-order sequence, post-order sequence, re-
spectively, of the obtained tree of Problem 2(a).

(¢} (4%) Please deiete 60 from the obtained tree of Problem 2(a) and show the resulting
tree.

3. (10%) Suppose you are given the following 10 numbers:
95,65, 75, 105, 15, 55, 45, 25, 35, 85.

(a) (5%) Counstruct a MIN-heap for these numbers presented in the given order. Please
draw the resuiting heap.

{(b) (5%) Please delete 15 from the obtained heap of Problem 3(a) and show the resulting
heap.

4. (10%) Suppose you are given the following 10 numbers:
55, 45, 25, 35, 85, 95, 65, 75, 105, 15.

(a) (5%) Construct a 2-3 tree for these numbers presented in the given order. Please draw

the resulting tree.

{(b) (5%) Construct an AVL-tree for these numbers presented in the given order. Please
draw the resulting tree.,
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i; 3. (10%) Suppose &V numbers are placed in amray elements all], e[2], ..., and a[N]. Please
| write pseudo-code for sorting these N numbers by insertion sort. Note that after sorting,
| all], a[2], ..., and a[V] contain numbers in increasing order.

i, 5. (10%) Suppose you are given the following 10 numbers;

55,45, 25, 35, 85, 95, 65, 75, 105, 15.

(a) (5%) Pleasc sort these numbers in increasing order using merge sort. Please show
necessary steps such that the use of merge sorting technique can be recognized.

(b} (5%) Please sort these numbers in increasing order using quick sort. Please show nec-
essary steps such that the use of quick sorting technigue can be recognized.

- {10%) Suppose you are given the following numbers:
20,62,31,14,1,25,3,19,11

and the following hash function:

H(x)=xmod 11,

You are asked to store these numbers by hashing. Let the size of the hash table be 11. Please
build and show the hach tables using the following overflow handling techniques:

(2) (5%) Linear probing.
(b) (5%) Chaining.

|}
&. (5%) Suppose you are given an undirected graph with five nodes a, b, ¢, d, and e. Also the
graph has eight edges e.., e.s, 2ge. €bes Cods Bhes Ccd; E4e With weights 300, 80, 50, 70, 75,

200, 90, and 60, respectively. Please find and draw the minimurm-cost spanning tree for this
graph,
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1. (15%) Given an axiom that
rp » 49 =~ p Vv oy
prove the following expression is trué by enumerating and examining all possible cases in the truth table.
fa v b ~ (~ b — a

‘ (We restrict you to prove in above specified way (via truth table). Prove in other way will at most get.
| half score of this question.)

2. (10%) Given a bag containing three balls (one red ball, one blue ball, and one white ball), the probabilities
to draw the red ball, the blue ball, and the white ball out from the bag are 0.5, 03, and 0.2, respectively.
We draw & ball from the bag and put it back to the bag repeatedly.  Compute the probability of drawing
a ball for ten times and having the red ball, the blue tall, and the white ball being drawn exactly for twice,

three times, and five times. respectively.

3. (10%) Given arule
like(A,B) *~ like(B.C) — like(4d,C}
it says that if A likes B and B likes C, then we can deduce that A likes C.
Given some facts as follows:
like(John, Mary), like(Peter, Jenny), like(Tom, Ivy), like (Ivy, Mary),
like(Mary, Jenny), like(Peter, John), like(Mary, Peter)
derive all possible like relationship between these 6 persons with transitive closure of relation like.

4, (15%) Given a connected graph G(¥E) where cach vertex v is labeled with a weight w;, write a recursive
' algorithm based on depth-first search that traverses all vertices, add up their vertex weights, and finally

returns the total weight. We select one vertex s in V as the source vertex. The recursive function is in
the form of

int calculate weight(vertex IN_VERTEX);

(Hint: You can utilize 2 Boolean visit_flag (initially false) on each vertex to decide whether it has been
traversed. You can also utilize the function
vertex get next adjacent_vertex(vertex CURRENT_VERTEX);

|
| to get next adjacent vertex from the adjacency list of CURRENT VERTEX in constant time. Note that
i this function may return a vertex that you just traversed.)

5. (15%) A complete bipartite graph K,,, has a vertex set divided into two disjoint subset ¥; and V> that

i contain m and 7 distinct vertices, respectively. In either V) or V>, there are no edges connecting vertices

inside. However, between any vertices v, in ¥7 and v, in V2, there is an edge connecting between them.

(a) (5%) Calculate is its maximum cut set size.

(b) (10%) Given that m 23, n > 3. m is even, and » is 0dd, determine whether there is an Eulerian path in
the graph. Proveit.

(An example of K3 is shown in the following.)
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(20%) A 2D n x n mesh is a graph as shown in the fcllowing figure (e.g. n=35). It is composed of n
vertices organized in a 2-dimensional » x » array. Each vertex has edges comnecting with adjacent
vertices horizontally and vertically. '

(a) (5%) Derive the average path length between the origin vertex vy and all vertices (including itself) in ':
row 0 (i.e. y = 0) as a function of n. :
(b) (5%) Derive the average path length between the origin vertex vyg and all vertices in row i (ie.y= :)
as a function of » and i.

(¢) (10%) Derive the average path length between the origin vertex vp and all vertices (including itself) in °
the mesh as a function of . .

0 1 2 3 4 x

origin i
0 @ @——&Vj u)——-{\h o) row O :
‘r’ .
1. ,L I T |

f@}_(@_{\,::) row 1

Vu} V32 }—{W;} row 2
— ?

e L
3 \Voﬁ)-—rvu)—éz’z!\"—\vz;\r——{vag TOW 3
Lo T

4 (V;, 4}-— Vig VL..)——L)——(\”J; Tow 4
i n=>5
y
(15%) Given a binary rooted tree with n nodes such that its postorder traversal sequence is the same as its
inorder traversal sequence, prove that the free satisfy above property must be a lefi-oriented chain
consisting of only left child nodes.

(i.e. Such chain satisfies above property and any other rooted binary tree violates above property.)
A left-oriented chain @
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1. Figure 1 shows the one-line diagram of a simple three-bus power system with
generation at buses 1 and 2. The voltage at bus 1 is ¥ =1.0£0° per unit. Voltage
magnitude at bus 2 is fixed at 1.05 pu with a real power generation of 400 MW.

A load consisting of 500 MW and 400 Mvar is taken from bus 3. Line admittances
are marked in per unit on a 100 MVA base. For the purpose of hand calculations,
line resistances and line charging susceptances are neglected. (20%)

(2) Show that the expression for the real power at bus 2 and real and reactive
power at bus 3 are

P, = 40[V, [V, cos(90° - 5, + 8, + 20[F, |V cos(90° - &, + &)

Py =207, || cos(90° - &, + 8,) + 207, |V | cos(90° - &, + &,)

Q; = 2007, ¥, |sin(90° ~ &, +5,) - 2007, |V, | sin(90° - &, + &, ) + 40fY,
(b} Using Newton-Raphson method, start with the initial estimates of

Vi =1.0+j0 and ¥/” =1.0+ /0, and keeping [V}, =1.05pu, determine
the phasor values of ¥, and V,. Perform two iterations.

1 Y12 = —3j40 ¥
Py = 400 MW
ths = —420 Y23 = —j20

Slack Buas 3 | V2 |= 1.05
Vi = 1.040°

500 400

MW Mvar

Figure 1

2. For a power system. with positive and negative sequence network impedance
matrices as follows

70.145  70.105 ;0.130
Zi =2Z,.| j0.105 j0.145 j0.1201.
70130 j0.120 70.220

Find the phase fault currents for a double line-to-ground fault at bus 3 through a
fault impedance Zr = j 0.1p.u. (20%)

3. For the circuit shown in Figure 2, the generator is delivering real power P.= 0.8 p.u.
and Q = 0.074 p.u. to the infinite bus at a voltage V = 1.0 p.u. Find the power angle
equations (Pe =Ppaysin §, note that B =Bl £ &) (20%)

(a) During is a fault at the middle of one of the lines.
(b) After the fault is cleared.
(c) Before the fault occurs (normal condition).

1 2
g 3 =02 Xy =03 ¥ =1.0
5 P n m
A =03 DO
O—g Se = N
X d=0.3 F

Figure 2
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4 The three-phase power and line-line raiihgs of the electric power system shown in
Figure 3 are given below. (20%)

D G ETED
C GRS

Figure 3
Gl: 60MVA 20kV X=9%
T1: 50MVA 20/200kV X=10%
T2: 50MVA 200/20kV X=10%
M: 43.2MVA 18kV X=8%
Line: 200kV Z=120+j200Q2

(a) Draw an impedance diagram showing all impedances in per-unit on a
100-MVA base. Choose 20kV as the voltage base for generator. (15%)

(b) The motor is drawing 45MVA, 0.80 power factor lagging at a line-to-line
termina] voltage of 18kV. Determine the terminal voltage and the internal emf
of the generator in per-unit and in kV.

5 Three loads are connected in parallel across a 12.47kV three-phase supply. Find
the total complex power, power factor, and the supply current. Also find the
" capacitance per phase in pF to improve the overall power factor to 0.8 lagging.
(20%)
Load 1: Inductive load, P=60 kW and Q=660 kVAR
Load 2: Capacitive load, 240 kW at 0.8 power factor
Load 3: Resistive load of 60 kW
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1. A parallel RLC load is connected to a sinusoidal voltage source which has the
output resistance of 10 ohm, as shown in Fig. 1.
{2) (10%) Choose the capacitance value C so that the load has unity power
factor.
{b) {10%) With the value of C chosen in problem (a), find the value of ® such
that the average power dissipation on resistor R is maximized. Also, what is
the maximum average power delivered to the resistor R?

Wy

10 G

[0cos(109 1) %10 mF == ¢ R

Fig. 1

2. For the network in Fig. 2,
(a) (10%) find the input irapedance Z(s) (the transfer function from i to ¥) and show
its pole-zero locations.

(b)(10%) Connect a sinasoidal voltage source to Z(s). what frequency @ of
sinusoidal input v will result in zero current i in steady state,

1H
S i

o B

v Z(5) > 1/4 F 19

. Fig. 2

3. InFig. 3, the switch has been at the position A for a long time and is moved to
position B at /=0.
(a) (10%) Finé i(r) fcr £>0.
(b) (10%) Find the maximum instantancous energy siored in the capacitor for
(.
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4 B
- o
30 =0 i
12A (0 10 0.14 3 ¥i 0.2F:

I

Fig. 3

4. (15%) Suppose the v-i characteristic of the nonlinear resistor satisfies the
relationship v=2i+#, find its total harmonic distortion from the input
i=cos(wf) tothe output v,.

; s Nonlinear .
Vs resistor - 1F

Fig. 4

5. (15%) For the circuit in Fig, 5 find the value of € that cases oscillation at @ =2
rad/sec for some initi lly stored energy.

c V2 H
——YY
2H % 2H % 40

6. (10%) Design an inverting amplifier which bas the gaio of -10 and an integrator
which has the unity gain at @ =1000 rad/s, using ideal OP-Amps.

Fig. 5
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- A conducting cone is separated from a ground plane by an infinitesimal insulating gap, as

shown in Fig. P1.  The axis of the cone is perpendicular to the conducting ground plane,
The potential of the cone is maintained at ¥, while the potential of the ground is 0.
Solve Laplace equation in the spherical coordinates for the potential distribution @ in the
region ¢, < &< 90° and the surface charge density on the cone. Hins: You may need the
integral formula | (1/sin6) d8= In(tan® /2). (20%)

* =V,

Insulating gap
=0

L L

Fig. P1.

B S e e o
T e T

. A constant current source of 10 A along the z-direction is placed at the corner of two

perfectly conducting plates, as shown in Fig. P2. The material filling the region
between the two plates has a conductivity of o = 0.01 mho/m. Find the potential at
point B shown in the figure. (20%)

YA

b 7 7 LA ax
Perfect conductor
Fig. P2.

. A fransmission line with characteristic impedance Z; is terminated with an unknown load

impedance Z;. Through measurements it is known that the standing wave ratio S and

the first voltage minimum nearest to the load is located at z,/A. Express Z; in terms of §
and z,, /1.

(20%)
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4. Find the polarization (linear, circular, or elliptical and left-handed or right-handed) of the
following fields: (4% each)

(8 E=(/a, + a, Ye <

_fa 3] + jiz
(b) E=(a, - i e
(©) E=[(l+)a, +(1- ), le,
(d) E=[2+ )4, +(3~j)a,le ™,
(&) E=(ji, + 24 ).

5. Consider a rectangular waveguide with cross section a x b, shown in Fig. P5. The
region z < 0 is air and the region z > 0 is filled with lossless material characterized by &
and 5. A TE;y mode with amplitude E, is incident from z < 0 on the boundary at z= 0.
Assume that the reflected wave is TEo with amplitude E, and the transmitted wave is

also TEq with amplitude E,. Find the ratio Ey [ Eyin terms of g, g and Mo, & and ip.
(20%)
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L Explain the basic principle of Differential Pulse Code Modulation (DPCM)?
What is the statistical condition under which the quantization error performance
of this method is better than that of PCM? (10 points)

2. What is noise figure? How can we compute the overall noise figure of a 3-stage
system? Derive your answer in detail. (10 points)

3. Define clearly “Additive White Gaussian Noise” (AWGN). (10 points)

4, Derive the optimal detection receiver for binary signals at base band by the use of
cost functions, prior probabilities and class conditional probabilities.
(10 points)

5. What kinds of modulations are used for the audio signal and video sigpal

reception for the commercial TV? Explain their principles in detail, state the
reasons why different modulations are used? (10 points)

6. Define the energy utilization efficiency and the bandwidth utilization efficiency of
a digital communication system. Derive the relation for these two measures for
the ideal channel and explain clearly your resubts. (10 points)

7. Explain the operation principles of the Wiener filter. State the reasons why we
use it n the communication system. (10 points)

8. Explain the operation principles of the matched filter. State the reasons why we
use it in the communication system. (10 points)

9. A recorded conversation is to be transmitted by a pseudo-noise spread spectrum
system. Assuming the spectrum of the speech waveform is band-limited to 3
KHz, and using 128 quantization levels. Find the chip rate required to obtain a
processing gain of 20 db. (10 points)

10.  For the above PN Spread Spectrum System, given that the sequence length is to

be greater than 5 hours, find the number of shift register stages required.
{10 points)
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1, Let the random variables X and ¥ be independent and Gaussian, and let each have a
mean of zero and a variance of 2
2

1 X
Sr(x)= fr(x)= —Z'J—;—l"exp[—'ﬁ]
If a new random variable Z is defined by

z=-Z
¥

{(2) Find the conditional probability density function of Z given ¥. (15%) (b) What is
the probability density function of Z (15%)?

2. Let X and ¥ be the jointly Gaussian random variables with joint density function
defined as

F (X, ¥)=

{ -1 [(x-z?:»z 2p(x - X)(y -F) (y—l")j}
= EXp 7 5 - <+ 3
2ZGXGYJ1—p“ 1-p7)} oy OxTy Oy

(2) Find the conditional density functicns £, (x [t = yyend £, (y|X = x).(15%)
(b) Show that X and ¥ are both Gaussian random variables, where X = E[X] and
Y =E[Y))(8%) (Note that p is the correlation coefficient of X and ¥)

(c) Assume that o, = o, = o, show that the locus of the maximum of the joint
density is a line passing through the point (X ,¥ ) with slope -E— (or -%)

whenp =1 (or p =-1)(7%)

3. Consider the probability density fanction of the random variable X to be defined by

1 .
)= T e i x>0 (The p.df. of Chi-square with n=1)
0, if x<0

(2) Please evaluate E{X], E[(X-E[X])]. 10%)
(b) Find the moment generating function, Mx(f) = E[e™. (10%)
(Note: T(n)= (n-1) D(n-1), T(n+1) = n!, PA/2)=(m'* and T(1)=1)
4. Let Xjand X; be two independent Poisson random variables with identical distribution.

(8) Find P[X1 = x; | Xi + X;= ] (10%) and (b) E[X; | X+ X; =y] (10%). Note

-8,
that: P(X,=x)=5 0
X

1+




By LREIOLEFERLHBAES AR

#F8  GHEAR(EhEELETE] 225 %l 7

Linear Algebra

1. (15%)

{a) (3%) A is a 4 x 4 matrix and has eigenvalues -4, -2, 2, and 4. Is A orthogonally
diagonalizable? Answer YES, NO, or NOT ENOUGH DATA. (You do NOT have
10 give explanations.)

(b) (6%) Answer TRUE, FALSE or NOT ENOUGH DATA. (You do NOT have to give
explanations.)

i. A = 0 is néver an eigenvalue,

it, A= [ _45 Z ] is an orthogonal matrix.

21 & 0 73 8¢ 2

. 00 8 0 12342

(¢} (6%) Find ¢; = 13 & 2 ;andez=|6 1 3 9 7
02 © 2 4 1 7 3 1

2 46 8 4

2. (15%) Suppose u, v, and w are nonzero orthogonal vectors.

(a) (5%) Show that [u+v+w|? = [u)® + liv|® + | wl)®.
(b) (5%) Show that u, v, and w are linearly independent.

(¢} (5%) Suppose u, v, and w are linearly independent vectors. Show that u-+v +w,.
v + w, v — w are linearly independent.

3. (20%) Assume that
1/2 1/4 1/4
A=|1/4 1/2 1/4
1/4 1/4 1/2
(a) (5%) Find the cigenvalues and all the real eigenvectors of A. It is a symmetric
Markov matrix with a repeated eigenvalue.
(b) (5%) Find the limit of A* as k — oo. (You may work with A = SAS™! without
computing every entry.)
(c} (6%) Choose any positive mumber r, s, ¢ so that A — ¢l is positive definite, A — sI
is indefinite, and A — tI is negative definite.
(d) {4%) Suppose this A equals BTB, What are the singular values of B?

4. (15%) Assume that 41(0) = 32(0) = %(0) = 4, 15(0} = —4. Solve the initial value
problem.

H
n
I
Y

2y +ya+ 1)+
—5yy + 2y2 + Byy — ¥h
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5. (15%)

{a) (8%) If o # ¢, find the eigenvalue matrix A and eigenvector matrix S in
A= [a b ‘ = 5481
0 ¢

(b} (7%) Find the four entries in the matrix A.190,

1
6. (20%) Consider the matrix A = | 1
1

b

(a) (6%} Give a factorization A = QR, where R is an upper-triangular matrix and Q
is a matrix with orthonormal columns.

(b) (7%) Find the least square solution to the system

[+

Az =5, forb=1 8

[=>]

(¢) (7%) The projection matrix P = A(ATA)"1AT projects all vectors onto the column
space of A. Find a vector ¢, not in the column space of A such that

1
Pg=| 4
4

~End~
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[Preblem 1] By Boolean algebra to determnine and prove whether or not the following expressions are valid, i.e.
whether the left- and right-hand sides represent same function. (10%)

a. X2X3X4 4 X1rzx4 -+ Xuexs + xu:zxs xzxa + XXz + X2X3

b (x1 o+ x3)(x + X2+ x»z)(xz + X3 X4) = X113+ X273 + x3%6 + Xz + X104

[Proeblem 2] Construct a NAND-gate circuit to irnplements a ncgative-edge-u'igged D flip-flop. Let the basic
gates take the same delay time as 14, Determine the delay time of the D flip-flop critical path. (15%)

[Problem 3] Given the 4-bits fast adder (named Add4) , the Z-to-1 1-bit muitiplexers (named MUX_2tol), the

2-to-1 4-bit multiplexers (named MUX4_2tol) and the basic gates such as NOT, AND, OR, NAND, and NOR,
construct a 2-digit BCD adder. (10%)

fProblem 4] Given the 8-bits fast adder ( named Add8), the 2-to-1 8-bits multiplexers (named MUXS8 Ztol)
and the basic gates such as NOT, AND, OR, NAND, and NOR, you are asked to design an ALU in function
block diagrams, which must match the following requirements:
(1) Support add, sub, and slt (set on less than) functions. Their operation selection bits (op_sel) are as
follows: add(00}, sub(01), slt{11),
{2) Report the result status in sign, zero, overflow, and carry bits.  (20%)

wy & . .y
W

5.

MUX8_2to1

{Problem 5] In VHDL or Verilog HDL, write an 8-bit up/down counter with synchronous clear. (10%)

{Problem 6] Given the positive-edge-triggered D flip-flop (named Dff), the 4-to-1 2-bits multiplexers (named
MUX2_4to]) and the basic gates such as NOT, AND, OR, NAND, and NOR, derive a circuit by the
state-assigned table as table 1. (20%)

—_ Q Wo :
W, Ly

b G b Wy 72;-
ehews
® MUX2_4ta1
Present Next State Output
State | W=p | w=1
¥20 Y1Y1 Y2Y|
00 01 11
01 11 00
10 10 00
11 00 01
Table 1

Clock

OO | DN

[Problem 7] In VHDL or Verilog FIDL, write an 8-bit mulhphcr with the constant 7, i.e. function for X*7, but
can not use the multiply operator “*”_ {(15%)






