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[. (35%) In this problem, {ili in the pnderlined blanks. Wri_le'yon answers in the answer sheet.

The detailed derivation is NOT required.
Part I (15pts). Suppose x(t)=f*, —m<t<n,and x{t+2z)=x(). Expand x(#) in
tertns of Fourier series (D =a,+ Z[“k cos(ka,t)+b, sin{kay)], where @, isthe
%41

fundamental angular frequency.
{a) Whatis «a,, k=12,---7 Answer 1y .
(b) Whatis b, k=12,--7 Answer (2) .

- =1 1 1 1
{c) Evaluate the series at t=x fo get Zk—2=1—2+?+3—2-+~~= 3y .
[
Part 11 {(10pts). The Fourier transform of x(¢} is defined as

1, 0<r<d

X(jay 2 Eﬂx(t)e""‘” dt . Suppose x({)= {O ol * and x(7) isodd.
f 2

(2 Whatis X(jw)? 4.
(b) Compute ‘[‘JlX(jco)jz da=__ (5} .

Part JH (10pts). Let field A= @’ existin aball of radius 1, where F=dx+ dy+az is

the position vector, »=|7|,and &_ isthe unit vectorin 7 direction.

(a) What is the volume integral LV-}I‘dv over the ball of unit radius? (6) .

(b) Whalt is the surface integral J./Z -ds over the surface of the top-half hemisphere of the ball

of unit radius? (A

2. (15%) Let L:V — W be aone-lo-one and onto Jinear ransformation between vector spaces ¥V and
Wowith dim(V)=r=dim(W). .
Show that;  iftheset {x,,-++, %} isabasis for V, then the set [L(x,),--, L{x,)} is abasis for W.

1 0 2 -2
3. (15%) Given A=}0 1 —1 3| andletits column space be denoted by R(A).
-1+ -3 5

fa} (6%} Whatis R(A)', the orthogonal complement of R(A}7
(b) (9%) What is the projection matrix that will orthogonally project any vector b e R* onto R(AY'?

4. 1158)Find Lhe general solulion of the following differential equation

(=xy Sin x + 2y Cos x)dx +(2x Cos x)dy = 0

5.410%) (a) Find the Laplace transform of bthe following function
Sy
'

4
- ' ' L 3
1
'
1
)

{(10%)(L) Find the inverse Laplace transform of the faollowing function

g + 12

82 4 108 + 35
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I. The T'TL circuit has paramebers : Voo — & V, Ry = 6 k2, Ry = 2 kQ, Ry
— 800 Q, Ry — 1.5 k2, Bp = 25 and fg = 0.1. (20%)

(a) Determine the volatges at ¢ach node and currents in each transistor
(g , and ig,) for Vx = logic 0.

{b} Repeat for Vx = logic 1.

VCC

9. Consider the difference amplifier shown. Let B, = Hy = 1052 and Ry =
Ry = 1M If the op amp has V,, = 2mV, Ip = 0.3uA, and [, = 50nA4,
find the worst case (largest) de offset voltage at the output. (20%)

R

2

3. For the bias circuit shown, the transistors have the same parameter : Ig =
10-1A. Also we have R,=40k), Ry=5kQ, V=16V, and Vggp—15V.
Calculate : (20%) :

{a) the reference current through Rr.y.
{b) the collector current Jeap.
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4. For the series-shunt feedback amplifier shown, determine A, 8, Rin, and
R, The transistors have f;, =100 with Q) biased at 1mA, @y at 2mA, and
Qs at 5mA. The circuit paremeters are : Rg= 508, Rp=9500Q2, Rc1=1kL,
30230.51{9. (20%)

5. For the oscillator circuit shown, determine the oscillating frequency and the
ratio of £2for oscillation. (20%)
R, R,
mAAA l_ VWV
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1) In a nonuniform n-type doped semiconductor, assume the doping profile
is linear increasing, i.e. dn/dx>0, under thermal equilibrium. Choose and_
explain the corrective answer (a) dE¢/dx>0, (b) dEc/dx<0, (¢) dE/dx=0,
(d) dEy/dx>0, (e) dE/dx>0, (f) dE#dx=0,(g) none of above (10%)

2) Choose and_explain the corrective answer.In the energy band diagrams,

for a Zinc-rich ZnSe semiconductor, the Fermi level, By is located at (a)
toward to Fc above E; , (b) toward to Ey below Ej, (c) closer to the
middle gap, E;  (d) none of above . Where E; is the position at middle gap.
(10%)

3) Describe and explain : how to distinguish the GaAs and Si wafer” ?
(20%) '

4) Under a special condition, the Boron doped Si semiconductor, Na=10"
cm” shows an intrinsic property. What condition can match above
description?. ( Boron : ionization energy=0.045 eV, my*=0.56 mg ; m,*=1.08
mo ; Eg=1.1 eV; and Ne=2.8%10"" cm”, Ny=1.04x10"" cm™ at 300 k) (10%)

5} A silicon pn junction diode at T=300 K has the following parameters:
Nd=8 x 10 em™, Na=2x10"" em? , Dn=25 cmzls, Dp=10 cmz/s,
To=5%x10"s and Tpo=1 0775, The cross section area is A=10” cm™. The
diode is forward biased at Va=5.0 V. Determine the ratio of Trec to the
ideal diffusion current. (Iyec = forward-biased recombination current.)(10%)

6) (a)Describe and explain “the type of junction between n-type Silicon
and aluminum”, and (b) what is the minimum n-type doping
concentration required to obtain an “Ohmic contact “. (20%)

( For Si; eleciron affinity = 4.01 eV; Work function: aluminum = 4.28 eV)

7y Comparison of the Schottky barrier diode and the pn junction diode
(10%)

8) Describe and explain : the conductivity as a function of inverse
temperature for a n-type Si when Nd=10 Pem” (10%)
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1. The electromechanical system shown below represents a simplified mode! of a capacitor microphone. The system
consists in part of a parallel plale capacitor connected into an electric circuit. Capacitor plate a is rigidly fastened
to the microphore frame. Sound waves pass through the mouthpiece and exert a force /;(f) on plate b, which has
mass A and is connected {o the frame by a set of springs and dampers. The capacitance C is a function of the
distance x between the plates, i.e, C(x) = ed/x, where € denoles the dielectric constant of the material between
the plates, and A is the surface area of the plate. The charge ¢ and the vollage e{1) across the plales are related
by ¢(r) = C(x)e(t). Note also that i (1) = §(¢). The electric field in turm produces the following force f, on the

movable plate that eppeses its motion (i.e., opposes the direction of its velocity):

(2)(10%) Write differential equations that describe the operation of this system.
(b)(10%) Assume the above system has the following dynamic equations:

Mi+ Bix+kx + = = f:(t}
Lg+ R+ -EE =
Suppose that the input signal is v, find a linearized model (by assuming x; = x, X3 = X, x3 = ¢, x4 = g) of
(1) at the origin.

2.(17%) The block diagram of a conirol system is shown below. Compute the value of k to minimize the index

fanction

R Rl
I_.fo e“(t)dt,

“where e(¢) = r {1} -- p(2) is the tracking error due to a step input (£} = Au,{¢), A is a constant.

R(s 1 Y(s)
(s) ()
(o) s*3 ()
3. Given a characteristic equation of a control system as
S tasttks+k=0, 00 < k < o0
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We first assume o = 12. Find the
(a)(4%) open loop poles and zeros,
(b)(2%) intersect of the asymptotes (Centroid),
(c)(4%) angles of asymptoles,
(d){5%) breakaway points, then
(e)(5%) use the previous information, construct the Root Loci for o0 < & < oo.
(£X(5%) Now suppose that « is a variable, determine the value of & so that there is only one nonzero breakaway

point on the entire root loci for co < k& < oc. Construct the root loci.

4. Consider a control system willt the loop transfer function

L) = i,
E+2pEr+ 4
(2)(8%) Sketch the Nyquist Plot of this system for X > 0.
{b)(6%) Using Nyquist criterion, determine the range of K (> 0) such that the closed-loop system is stable. If the
system is unstable due to the range of K, find the number of closed-loop poles in the right-half of s—plane.
(c)(6%) Using Nyquist criterion and the Nyquist plot of £ > 0, determine the rangé of K(< 0) such that the
closed-loop system is stable. If the sysiem is unstable due to the range of X, find the number of closed-loop

poles in the right-half of s—plane.

5. Given a controllable and observable dynamic system in the form of

(1) = Ax(2) + Bu(r)

@)
y(1) = Cx(¢)
Suppose that P € R"*" is a nonsingular matrix which transform (2) into
2(¢) = Az(z) + Bu(r)
&)

y(6) = Ca(t)

through the transformation 2(r) = Px(2).

(a)(4%) Are the characteristic equation of (3) the same as that of (2)? Prove it if you think they have the same
characleristic equation. '

(b)(4%) Are the transfer function of (3) the same as that of (2)? Prove it if you think they have the same transfer
function, B

(c)(10%) Prove that (3) is still controliable and observabie.
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1. (25%) In this problem, fill in the underlined blanks. Write you answers in the answer sheet.
The detailed derivation is NOT required.
PartI(15pts). Suppose x(s)=t*, —mw<t<m,and x(t+27)=x(f). Expand x(f) in
terms of Fourier series x(f)=a, + Z[ak cos(kayt) + b sin(kw,t)], where @, is the
k=1
fundamental angular frequency.
(3) Whatis a,, k=1,2,---7 Answer .
(b) Whatis b,, k=1,2,---7 Answer 2y .
(c) Evaluate the series at t=7 to get Z% = llz"“%*’%z*”' = [€)
k=t
Part Il (10pts). The Fourier transform of x(¢) is defined as

? and x(t) is odd.

Ca it 1, O<t<d
X(jw)= Ecx(t)e " dt. Suppose x(t)= N

0, t>
(a) Whatis X(jw)? 4 .

() Compute [ | X(jo) do=__(5) .

2. (25%) Let V and W be vector spaces with dim(V)=r=dim(W) and let L be a linear mapping
from V to W, ie. L:V - W is linear. Let {x,,---,x,} be a set of vectors in V with the
corresponding image set {L(x,),---, L(x,)} lying in W. In each of the following questions, please first
answer the question then prove the statement based on your answer.

(a) Under what condition (or conditions) of L will the statement “if the set {x,,--+,x,} is linearly
independent, then the set {L(x,),---, L(x,)} is linearly independent” hold?

(b) Under what condition (or conditions) of L will the statement “if the set {L(x)), -, L(x,)} is
linearly independent, then the set {x,,---,%,} islinearly independent” hold?

(c) Suppose the condition (or conditions) proposed in (a) hold. Under what extra condition (or conditions)
of L will the statement “‘if the set {x,,---,x.} isabasis for V, then the set (L(x)),--, L(x,)} is
abasis for W” hold?

(d) Suppose the condition (or conditions) proposed in (b) hold. Under what extra condition (or conditions)
of L will the statement “if the set {L{x}), -, L(x,)} is abasis for W, then the set {x,,--,Xx,} is
abasis for V7 hold?

Now, let’'s denote E={x,,-,x,} and F={y,.--,y,}] as two bases for V and denote
G:={L(x)), -+, L(x,)} and H:=(L(y,),---,L(y,)} as two bases for W. Let P be the transition
matrix from basis E to basis F and let Q be the transition matrix from basis G to basis H . Denote

A as the matrix representation of L with respect to bases E and G, and denote the matrix
representation of L with respect to bases F and H by B. Please answer the next guestion without
giving any proof.

() Whatare A and B, respectively, and what is the relationship between P and Q7

3. (15%) Let Ae C™. Show that:
@ (7%) if IAx), = lIxH, forall xeC" then (Ax,Ay) = (x,y) forall x,yeC".

(b) (8%) A is aunitary matrix if and only if TAch, =flxll,.
4.158)Find the general solution of the following differential equation

(-xy Sin x + 2y cCos X)dx +(2x cos x)dy = 0

5.110%) (a) Find the Laplace transform of the following function

1 1t
l/\z 3
t
\ i s + 12

-1
(10%)(b) Find the inverse Laplace transform of the function

amd

s2 + 10s + 35
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1. (10%) Given a postfix expression as followed (where % means the remainder computation operator),
20 5 3 + 6 *f 83 - % 1 +/
show its.evaluation sieps (also show the stack of buffered values during execulion).

2. (10%) Given a linked list of values, we wanl to gel a new list of values that has the saine set of values ina

reverse order.  Write one such algorithin reverse(L).

3. (20%) in an arbitrary binary search tree of n values, we want (o perform loskup(key,BS_tree) to search an
element in the tree that maiches key value.
(a) (5%) What is its besl case computation lime complexity? What the binary search tree will look like?
(b) (5%) What is ils worst case computation time complexily? What the binary search tree will look like?
Note: Use big O notation O(f{n)) to specify computation time complexity.
(c) (10%) Write an alporithm for delete(key, BST _tree) operation to delete an clement matching key value

in a binary search tree.

4. (15%) Given a tree as in Figure i,
(a) (5%) Show its inorder traversal.
(b) (10%) Write a inorder traversal alporithm inorder(Tree) that returns a list of elements in the inorder

traversal order.

Figure 1 Fiuuie2z

S. (25%) Use the breadth-first search algorithim to find a shorlest path from vertex 9 1o veriex 2 in a directed

graph as in Figure 2.

(a) (10%) Show the running steps of the aigorithm,
(b} (15%) Wirite a pseudo algorithi shortestpathlength(V,E,s,d) ihat retuns the shortest gath length from
vertex s to vertex d where V is a list of verlices with dala structure (vertex_id, next) and £ is a list of
¥

edges with data structure (edge_id, src_vertex_id, dst_vertex_id, next).

6. (10%) In the quticksort sorting algorithm, a pivol value is chosen from the list of values. 1t is then
compared with the resi of the values in the list to arrange the list of values into two sub-lists,  One sub-list
contains values greater than the pivot value. The other sub-list contains values smiatler than the pivot value.
The efficiency of quicksort depends heavily on the way to select pivot values. Given an arbitrary
quicksort sorting of r values, answer (he following questions. '

(a) (5%) What is its best case compulation titne coinplexity? Explain such situation.
(b) (5%) What is its worst case computation time complexity? Explain such situation.
Note: Use big O notation O(f{n)) to specify computalion lime complexity.

7. (10%) Given 1he sequence of five values 4, 8,9, 2, 1, show the running steps of heap sort of the sequence.
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[Problem 1] By Boolean algebra to determing and prove whether or not the fullowing expressions are valid, te.
whether the lefl- and n;:,hl -hand sides represent sante function. (1()%)
a X2 x3+x3- x4 xl-x2-x3 xd o= (024 a3 X3+ x H(\]+ N2 4 XD \4)

b, (xl+ .\13)(.\'1 +x2 4 _1'3)(_\'1 + a2y = (b 20 X2 + x.:)(xl 4 x3)

[Problem 2|, Given the 8-bils fast adder { named Add8), the 2-10-1 8-bits multiplexers (named MUXS 2101}
and the basic gates such as NOT, AND, OR, NAND, and NOR, you are asked 1o design an ALU in function
block diagrais, which must mdln,h the foiiowmj: reguiremnents:
(1) Support add, sub, and sgt (set on great than) functions. Their operation selection bits (op_sel} are as
follows: add(00), sub{01), sgt(i1),
(2) Report the result stawis in sign, zere, overflow, and earry bits.  (20%)

A s .
W -l Ly
rime R Wy
B s
s__ "]
Addg MUXB_2101

[Problem 3] Given the 3-bits counter { named Count3 ), the 2-10-1 3-bits multiplexer ( named MUX3 _Z2tol)
and 1he basic pates such as NOT, AND. OR, NAND, and NOR, complete the seanning display controller in
the following functional block diagram to control six 7-segment display with the scanning display method.
{20%}

cleck 4§, :Eo e i "
— b2 W‘—,i-‘——
s__ ¥

Count3 MUX3_2tod
T T
I T O O I L Ll
T T 1 [
Ml enﬂ' Ent en2 and en‘r! FEnE T

BCD 1o 7-segment 4

LED Decoder  fa scanning disptay |, _clock
controller
?l‘- 4 T/
Bufler Bulfer
Address Data

{Problem 4] The output of a combinational circuit may make a ransition. Describe what kind hazards maybe
happen in the following civenit and modify ihis circuil (o eliminate those hazards, (20%)

.1'2 o r———

. P
*y
Xy 4

iProblem 5} Given the positive-edge-wiggered D tlip-flop (named DfY), the 4-to-1 2-bits multiplexers (named
MUX2 4to]) and the basic gales such as NOT, AND, OR, NAND, and NOR, derive a circuit by the
state-assigned table as table 1. (20%)

Present Next sime ]
stae | ab=00 0F 10 | | Ouiput
b Q . Wy —,.:!—j yan Yat, ¥
Wy B §
Clock - 6 b— W2y 00 00 01 Gt 10 )
: Wy R 01 60 0F 81 1o 1
su-‘.-a-/;-, 10 61 0 10 11 0
Dif Mmuxz_stet |11 0L 10 1o 11 1

{Problem 6] In VHDL or Veritog DL, write a 4-bits BCD counter. (10%4)




@ﬁ¢MK%J+£%$E@£ﬁ%¢%ﬁﬁ%
fa st AkEs  [ERIEEAALS ma] NI

1. (10%) Calculate how thany times the sldtement x=x+] are exe(,uted after running the followmg program 7
For(I=1;1<=n;[++) .
For (J=1;T <=1, 1 ++) .
For(K=I,; K<=J, K++)
x=x+1,

2. (10%) IEEE-754 floating-point representation
(1) (5%) Using 32-bit floating-point format (8-bit exponent, exponent bias = 127, and base = 2) to represent -1/64
(2) (5%) Using 64-bit floating-point format (11-bit exponent, exponent bias ~ 1023, and base = 2) to represent -1/32

3. (20%) A workstation uses 200 MHz processor o cxecute a given program mix with 50,000 instructions. Assume one
cycle is needed for instruction decoding, one cycle is needed for instruction execution, and three cycles are required
for one memory reference. On average, every instruction will require two times of memory references.

(1) (5%} Calculaie the total CPU time for executing this program mix.

(2) (5%) What is the effective CPI (Cycles per Instruction) of this computer?
(3) (5%) Calculate MIPS (Million Instructions per Second).

{4) (5%) Calculate the maxirmum CPU throughput (programs per second).

4. (20%) Consider a cache and a main memory hierarchy, in which cache = 32K words, main meimory = 128M words,
cache block size = 8 words, and word size = 4 bytes. ‘
(1) (5%) Show the physical address format for Direct Mapping (How many bits in Tag, Block, and Word?)
(2) (5%) Show the physical address format for Fully Associative Mappmg (How many bits in Tag, and Word?)
(3) (5%} Show the physical address format for 4-way Set Associative Mapping (How many bits in Tag, Set, and Word?)
(4) (5%) Show the physical address format for Sector Mapping with 16 blocks per sector.
(How many bits in Sector, Block, and Word?)

5. (20%) Given the following high-level source code. Perform a flow analysis and draw the dependency graph
(flow, output, and anti-dependency) among all the statements. Note: use ----—> represents flow dependency,
---0--> represents output dependency, and --|--> represents anti-dependency.

81 A=B+C
52: C=D+E
83 F=G+E
S4: C=A+F
85: M=G+C
§6: A=L+C
87 A=E+A

6. (20%) Identify major differences between the following terminology pairs.
(1) (5%) SDRAM vs CDRAM
(2) (5%) RAID-1 vs RAID-2 )
(3) (5%) Multi-programming vs Multi-threading
(4) (5%) Superscalar vs Superpipeline
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Complete ihe following truth table for the well-formed formula (wif): (A > B) & (A'v B) .

Is this wiT a taviology and why? (15%)

AtBIASB A | AvE | (A & B) & (A'VB)
T{T F
T{F| r
F|T T
F|F T

A survey of 150 college students reveals that 83 own awtomaobiles, 97 own bikes, 28 own
motorcycles, 53 own a car and a bike, 14 own a car and a mwotorcycle, 7 own a bike and a
motorcycle, and 2 own all three.

a. How many students own a bike and nothing else? (6%)

b. How many students do not own any of the three? (6%)

How many distincl nonnegative integer solutions are there to the equation

xph xytxg +x,=10
where the solution x; =3, x; =1, x;=4, x, =2 and the solution x; =4, x; =2, x; =3, x,=1 are
distinet? (12%)

Two fair dice are rolled. The sample § contains the 36 combinations ol two mumbers. Far each
member {p, q) of S, the random variable X{p, )= p + q.
a. Write a table showing (he values for X and p. Instead of 36 columns each with probability
1/36, do a column for each value ol .Y and show the probability of that value. (8%)

b. Find the expected value of the sum of the numbers that come up when (wo fair dice are

rolled. {8%)

Draw the Hasse diagram for the relation “v divides y™" on {1,2,3,5, 06,10, 15, 30}, (14%)

Detenuine if the following graph is planar (hy finding a planar representation) or nonplanar.
(15%)

A B 3 ¢ ’ )
ala

F G H
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7. Minimize the lollowing {iniie stale machine where S; is the internal state, {0, 1} is both the
input alphabet and output alphabet, v is the next slate function and w is the ouiput state
function. (16%)

v W

0 1 0 1
Si {8 5|0 0
S 18 S| 0 1
511 8 5% I I
Se | & 5 1 0
Ss 152 S| 0 1
S¢ | Sa S| O 0
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1. In the circuit shown, the sinusoidal input voltage ¥; has a magnitude of 1 V rms.

Please find the average power delivered to the load Ry (20%).

260 Q 160 Q2
AN AN 4]

A (f) 000 S K <f> 20 ¥, é E ?Rsz’ﬂ

WA

2. In the ideal op-amp circuil shown, where Fi(s} and Vy(s) are the Laplace
transforms of vy{(1) and v,(f), respectively. (1) Find the transfer function V(s)/ V(s)
(10%). (2) With zero initial condition, determine the response of the circuit to the
unit impulse input, v (2} =48() (10%).

)
|

+
Ideal opamp v,

ot

3. In the circuit shown, the input is a sinusoidal voliage source sin(r). Choose L and
C 50 that the power delivered to the load Ry is maximized (20%).

ANy T Iy

2Q L
X +
sings) V C“‘)

Al
|
iy
B
-
I
L]
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4. In the circuit shown. switch St has been in position 4 for a long time. At /=0 it

switches to positior 8. Determine v, for ¢ 2 0(20%).

1 fl 81

B
O

=

5. The input to the citcuit shown below is v, (£} = 10sin{w¢ + (.5} . For what value

of @ will resull in zero steady-state output v, (20%)?

240

oolu-a

v, (t)(i)

wl'—
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1. Threc loads are connected in parallel across a 1400-V rms, 60-Hz single-phase
supply as shown in Figure 1.

Q
(20%) 1 in [ 15
1400 ¥V Cj I 2 3
l | | o
Figure 1

Load I: Inductive load, 125 kVA at 0.28 power factor.

Load 2: Capacitive load, 10 kW and 40 kvar,

Load 3: Resistive load of 15 kW,

a) Find the total kW, kvar, kVA, and the supply power factor.

b} A capacitor of negligible resistance is connected in parallel with the above
loads to improve the power factor to 0.8 lagging. Determine the kvar rating of
this capacitor and the capacitance in g F.

¢} Find the total current after the capacitor is installed.

2. Consider two ideal voltage sources cormected by a line of Impedance Z= R-th o
as shown in Figure 2.

(20%)

Vi

Figure 2

Let the phasor voltage be V, =|V||£8, and V, =[V,|£8,.
Prove that the real and reactive power at the sending and are -

I l CoSY —~ | '" 2Icos(’y+|'51—82)

[z
_ME g

Q. ny-—l sin{y + 8, -8,)
12 12
Assummg R=0(ie., Z =X.290%, the above equations become

M\A
P,= sin(d, -8,)
i

_

Q,, [|V|—|V |cos(8, - & )}

3. The generator power angle equation during one system condition is P, = 2.10sin 8,

assume mechanical power input is 1.0 p.u., show that 6 =2844° is a point of
stable equilibrium, on the other hand, 6 =151.56° is a point of unstable

equilibrium. - (20%)
e ' |
2{f——=——— - I P =210sind

| P =150sind
I P, =0.808sin &
1.0 ; E,
|
]
0 I
28.44° 90° 151.56° 180°

‘Figure'3.
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4. ) Beseribe the procedure for power How solution by l-he Newlun-iﬂmhsun method., (IUV%V)_
(hy Peseribe e ancasures apd cquipnrent that can be used to control the J{'al and reactive

power flows ina power network. (H0%)
5. A load draws current from a practical vollage source, as shown in Figure 5.

{20%)

Figure 5

Use the phasor diagrams for the ac circuit, without any numerical calculation,to
show that |V ;i could be smaller than, greater than, or equal to |Vy|, depending

on the phase relationship between I and V.
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Electromagnetics
May 2, 2004

1. Consider a sphere of radius b having uniform charge of volume density p in free

space. Determine the electrostatic encrgy of this churge configuration. {20%)

I

The electric field component of an electromagnetic wave in air used by an aircraft to

communicate with the air traftic control tower can be represented by

- E(z,0) = 50.02co0s(7.5x10° - B2)

Find the corresponding wave magnetic field 4(z,f) and constant . (20%)

3. Consider a uniform plane wave propagating in air incident normally on a large copper
block. Find the percentage time-average power absorbed by the copper block at 1, 10,
100MHz and 1GHz. (hint : conductivity of copper is 5.8x10’ $/m) (20%)

4. (20%)

a. Please describe the meaning of the homogenecus and inhomogeneous transmission
lines.
b. Please compare their characteristic impedance and propagation velocity for the

following wansmission line structures. And explain why

Casel case3

5. Please derive the approximate expressions for y and Zo for a lossy transmission line at

very low frequencies such that wl < B and oC <« G. (20%)
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I. Letthe random variables X and Y be independent and Gaussian, and assume that each
has a mean of zero and a variance of o”.

2

S0 = Sr () = e expl - 2221
- Tra -

If a new random variable Z is defined by

Z:a-—)‘-i
¥

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

2. Random variables X and Y have respective density functions

Fets) = Liu ()~ utx )}

L) =bu(y)e™

for a>0 and b>0, and 1 (x) is denoted as ihe 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 moment generating funciion of W. (10%)

3. (a) Show that the correlation coefficient satisfies the expression  (8%)

- M_S 1, where g, = EN{X - X)'(¥ -T))

e
‘ | RN I

where X = £|X ] and ¥ = K[V ]. Suppose we wish to predict the value of a
random variable Y by observing the values of another random variable X Assume

that the following model is employed to predict Y, that is,

Y,=aX +

(Linear Prediction) Our task is to adjust the coefficients o and f in order 1o minimize

the mean—square errer
e=E[(Y -¥,)"]

(b) To find the opttmum values of & and £ (7%), and
(c) the value of minifmum mean-square ervor, &y, (5%)

4. Let X be a random véria‘ble and A={X>t}. (a) Find the conditional probability
disuibution function, Fyx1a{x | A), and (8%)b) find the conditional density
function fxia(x | A). (79%)
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The probability that a tefephone call Lasts no more than f minufe is ofien described by

an exponential crnulaiive distiibution function (CDF), ie.,

P = I—e™, =0
! 0 ,otherwise

For a= 1/3 (a) What is the probability density function, f«{t), of the duration in
nunutes of a felephone conversarion. (5%) (b) What is the probability that a
conversation will last between 2 and 4 minutes. (7%) (¢} What is E[T} (mean) and
E{T°] (8%).

Consider a Binomial random variable X, with 0 <p<l,andN=172, , and the
density function, i.e.,

N

NY L
Iy (x)y = Z(k Jp"{lw- PY Sty - k)
e

(2) Find E[X] (5%) and (b) E[X?] (5%).
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1. What is the time average autocorrelation? Please explain why the time
average autocorrelation is so defined?

2. An ldealized magnitude spectrum of a transmitted TV signal is shown in
Figure (a). The magnitude response of a shaping filter for the TV signal is
shown in figure (b).

{i) Where should this shaping filier be placed? Transmitter or receiver?
(ilPlease expiain by plot how the goat of the shaping filter can be
achieved.

] r:nﬁi [jm 45MHz — > = 0.25MHz

- ~ |
osf- |

0.75 MMz

Sound
carrer

Picture

|
4 |
| |
I |
| }
| I
| |
: cairier :
| !
] |
i
}

Maximum radiated field strength
relative to picture carrier 1.0

- |
O 56 58 g0 /M

()

Picture Sound
carrier carrier
|

05

Normalized response

3y ! I l . MHz
° © 54 56 58 80 J{MRz)

_ Channel bandwidth I

6 MHz

1t
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3 Consider the case of a discrete amphtude spectrurn of an FM signal,
normalized with respect to the carrier amplitude, for the case of sinusoidal
modulation of fixed frequency and varying amplitude. Only the spectra for

. positive frequencies are shown. Please give the definition of Afand
explain the meanings of 2Af shown below.

4.0

N

g=10 e | 2N g7 beme
Cer)
.0
TyTT
A 4‘ 4 'y v
8 =20 — 2 b=
oy
1.0 —
M\frTTT TfTATTTdn.“ .
&8 = 5.0 | -
-si—ru—‘-— e 2 e ”

e

4 Please give the typical plots of the transfer function for the Pre-emphasis
fiter and De-emphasis filter shown below. Explain how they work.

Pre-emphasis FM S £ De-emphasis Message
tilter, Ho(1) lransmitter receiver lilter, Hyo(f) plus noise

my) ——>

MNoise
wir)

5. The following system is for recovering message signal m(!) from PAM signai

s(f). Please describe the function of the reconstruction filter and equalizer
shown below.

PAM signat Reconstruction Messa
-~ 1 ge
sy T filter BQualizer e cional (1)
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6. Receiver for baseband transmission of binary-encoded PCM wave using

potar NRZ signaling is shown below. What is the impulse response of this
match filter?

PCM wave

< Lo ey 1ty
Matched . ! Decision y iy >4

Al filter dovice _
" Sarnple at 5= Say 0 if v <
time s =7, T
White Gaussian Threshoid

noise wirk A
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Lincar Algebra_2004,  Each problem counts for 10 points, Pagel/2

Let A be an N by N nonsingular matrix and let b be an element in N-dimensional
real number space RN Let A; be the matrix obtained by replacing the ith

column of A by b, 1f x is the unique solution to Ax = b, prove in matrix theory

that

xi=det(Ai)/det(A) fori=1,2, ..., N

What is the Wronskian of the N functions {;(x), fz(x),.., and fN(x) defined in

C.‘N"I[u_ bj. Define the terminology and make some examples to illustrate its
applications.

Wilat is the Canchy-Schwarz Incquality, state the importance of this incquality in

Communication Scicnce and make some real examples to illustrate its applications

Let s, s(1), $(2), ... ,s(N-1) e the obscrvations from some experiment, we want

io find the best lincar mean square error {mse)} estimate of s(P), s(P+1)..., s(N-1)

by the first P samples, s(0), s(1). ..., s(P-1), by some unknown best coefficients ay,

LETRR and ap that is the linear predicted sample values are the linear

combination of the previous P samples :

s_mse(P) aq*s(P-1) + ay*s(P-2) +...+ ap*s(0)

s_mse(P+1} ag*s(P) + az*s(P-l) +.t aP*s(l)

s_tmse(N-1) ay*s(N-2) + a5 s(N-3) +...+ aP*s(N-P»l) N

solve this problem for the unknown best coeff icients ay. ap,... and ap .
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Linear Algebra_2004,  Each problem counts for 10 points, Page2/2

5. Find the best quadratic least square fit to the data set { X, Y ) by first deriving the
least square error matrix equation and then finding the minimum

X
Y 3

6. What are the eigenvalues and the eigenvectors of a matrix? Please explain in a
geometric way and find the eigenvalues and their corresponding normalized

cigenvectors of the matrix A

-2 +2 -3
A =|+2 +1 -6
-1 -2 +0

7. 1In a certain town 30 percent of the married women get divorced each year and 20
percent of the single women get married each year. There are 8000 married
women and 2000 single women and the total population remaios constant,  Find
the number of married women and single women after 5 years. What will be the
fong-range prospects if these percentages of marriages and divorces continue

indefinitely into the future?

8. What is the Parseval’s theorem? State the importance of this theorem in

Communication Science and make some real examples to illustrate its applications

9. Given
+0 +2 -1
A =]+2 +3 -2
-1 -2 +0

Find an orthogonal matrix U that diagonalizes A

10. Let A be a real symmetric N by N matrix. Show that A is positive definite if and

only if all its eigenvalues are positive,






