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1. (Totally 10 points) To get full credits, you have to answer the guestions in terms of
mathematics explicitly and accurately.

(@) (5 points) What is the weak law of large numbers in probability theory?

{b) (5 points) What is the central limit theorem in probability theory?

2. (Totally 20 points) Let X and Y be two independent Gaussian random variables,

where E[X]=E[Y]=0 and Var(X)=Var(Y)=1. Denote the probability that X is smaller

than x by Pr(X<x). Let Axand Aybeiwo sufficiently small positive real numbers.

() (5 points) Prove that Pr(x =X SxtAx, ySYZyrAyEU2 )
exp(-0.5(x*x+y*y)) Ax Ay

b) (15 points) Let Z=X+iY, where i is the square root of —1. Calculate Pr{Z|=1)

3. (Totally 15 points)

(a) (5 points) What is a basis of a vector space?

(b) (10 points) Consider the regular two-dimensional Buclidian space. Let v(1)=[3 4]
andvfz)=[{1 1]. First, pormalize v(1) and then use Gram-Schmidt procedure to
derive an orthonormal basis from {v(1),v(2)}

4. (Totally 55 points) Let X(1), X(2), ....X(n), X(m+1) ... be an infinite sequence of

random variables having a common state space {0,1}. Namely, in any realization, X(i}

is either zere or one. In addition, X(1), X(2), o X(m), X(n+l) ... form a

time-homogeneous Markov Chain in the following sense. For any n greater than one

and any real - numbers x(nt1), x(10),...x(2),x(1),

Pr(X(n+1)=x(n+1)[X(n)=x(n).X(n-1 Y=x(n-1),....X(1 Y=x(1))=Pr(X(n+ D=x(n+ 11X @)=

*(m)=Pr(X(2)=x(n+1)[X(1)=x(n)).  Furthermore, Pr(X(2)=1[X(1)=0)=1/3  and

Pr(X(2)=0|X(1)=1)=1/4. Let A be a 2 by 2 matrix such that the clement in the

intersection of the (p+1)-th row and (q+1)-th column is Pr(X(2)=g/X(1)=p)-

(2) (5 points) Calculate the eigenvalues of the matrix A '

(b) (10 points) Calculate two linearly independent eigenvectors with unit norm

(¢) (10 poinis) Suppose that Pr(X(1)=0)=1/2. Calculate Pr{X(3)=0}.

(d) (10 points) Suppose that when n is large enough, Pr(X(n+1)=O)=Pr(X(rs)=0)=u(0),,
where u(0) is a positive real number. Calculate w(0). (Hint: Use conditional
probability)

(e) (20 points) Let A*‘{n}=A*A*A...*A, in which there arc n identical matrices
multiplied in the right hand side. Suppose that when n goes to infinity, A™{n}
converges to a 2 by 2 matrix B. Calculate B. (Hint: Use diagonization)
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1. (20%) Compare Amplitude modulation, SSB modulation and DSB modulation in terms of
(a) Bandwidth (b) Transmitter complexity (c) Receiver complexity (d) Quality.

2. (20%) Consider a digital communication system in an AWGN channel. The signal-to-noise
ratio is normally defined as Ej/N,, which is assumed to be 10 dB at the receiver, where F; is
the energy per bit and N, is the two-sided power spectral density of the noise. If the variance

. of the noise and bit duration both are unit, calculate actual signal level in volt received at -

the receiver.

3. (20%) The terms of 2ASK, 2PSK and 2FSK stand for three binary digital modulation
schemmes, which represent binary amplitude shift keying, binary phase shift keying and binary
frequency shift keying, respectively. (i} Draw the schematic diagrams of the transmitters and
receivers for the three schemes; (ii) Compare the three schemes in terms of (a) complexity;
(b) BER performance in AWGN channel; (c) bandwidth required; (d) the capability against

interference.

4. (20%) Answer the following questions in a concise yet accurate way:
(a} Describe the differences between a baseband chip and a RF chip. -
(b) Should a modulation unit be impleménted by using baseband chips or/and RF chips?
(¢} What is software radio? Give a simple description.
(d) Write down the mathematical expressions for phase modulation (PM) and frequency
modulation (FM) |
(e) What is the relation between the PM and FM?

5. (20%) Consider a two-path multipath channel in a communication system, where the relative
delay between the two paths is bne unit of time and the two paths have the same strength.
(2) Draw the system block diagram of the channel; (b) Write down the impulse response of
the channel; (c) Write down the transfer function of the two-path channel; (d) Explain the

meaning of the term "frequency-selective fading” from the obtained results in {c). -
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(a) Refer to Fig. 1, explain the function of the offset nulling terminals and sketch the offset nuiting
circuit. (3%)

{b) Sketch the transfer characteristic vo versus v, for the circuits shown in Fig. 2. All diodes begin
conducting at a forward voltage drop of 0.5 volt and have voltage drops of 0.7 volt when fully
conducting,. (6%)

(c) What is Early effect? (3%)

(d) An NMOS amplifier with depletion load and its transfer characteristic are depicted in Fig. 3.
Indicate the operation modes of Q; and Q; in the regions I~IV. (3%)

(€) The magnitude response of a capacitively coupled amplifier is shown in Fig. 4. Explain the reason
for the magnitude decreasing at low and high frequencies. (3%)

() Sketch the safe operation area of 2 BIT and explain it briefly. {3%)

(g} The 741 op amp circuit is shown in Fig. 5. Indicate the short-circuit protection circuitry and explain
its operations. (3%)

- (l) Give the transfer function of a second-order bandpass filter with a center frequency of 10° rad’s, a

center-frequency gain of 10, and a 3-dB bandwidth of 10° rad/s. (3%)

(i) Sketch a CMOS realization for the function¥ = A+ B(C+ D). (3%)

A simple op amp circuit and its dc bias currents are shown in Fig. 6. Assume all the transistors have

=100, determine

(2) the input resistance R;#(3%)

(b} the voltage gain v,/viy (10%)

{c} the ouiput resistance Ro. (3%)

For the circuit in Fig. 7, |V =1V, &’W/L =ImA/V?, f =100, and the Early voltage for all devices

(including those that implement the current scurces) is 100V, The signal source ¥, has a zerp de

cormponent. ‘ '

(a) Identify the feedback topology. (4%)

(b) Find the values of open-loop gain 4, feedback factor B, close-loop gain Ay input resistance Ry,
and output resistance R,,,. {(20%)

Consider the oscillator ¢ircuit in Fig. 8 and assume for simplicity that # =, Find the frequency of

oscillation and the minimum value of R¢ (in terms of the bias current [) for oscillations to start. (10%)

In the TTL circuit shown in Fig. 9, the transistor parameters are §r =20, fz =0.1 (for each input

emitter}, ¥y =0.7V, Feg(on) =0.7V, Vga(sat) =0.8V, and Vcz(sat) =0.1V.

(a) Calculate the maximum fanout for ve=vy=5V. (10%)

{b) Calculate the maximum fanout for vy=vy=0.1V. (10%)

{Assume vg is allowed to decrease by 0.1V from the no-load condition.)
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1. (15pts) For the differential equation

x* —2x+xy'(x) +2y(x) = 0, obtain
(a) the homogeneous solution, and (8pts)
(b) the particular solutions. {7pts)

2. {20pts) Solve the following initial value probleni

Y(O+B () +10p(#) =0 with ' (0)=1 and p(0)=0, given
(a) b=7 (10pts)
(b) b=6 (10pts)

3. (20pts) We wish to solve the Laplace’s equation using separation of variables
%2?:+%2’:=0 within 0<£x<? and 0<y<a with boundary values given by
w(x=0,0<y<a)=u(x=>b0sy<sa)=u(0<x<h,y=0)=0 and
u(0sx<by=a)=1.

Let u(x,y)=X(x)Y(»).

(a) Showthat X"/ X =24, where A is aconstant. (Opts)

(b} Derive the boundary conditions for X (0) and X(b). (3pts).

{c) Discuss whether A>0, 2=0,0r 1<0.(5pts)

(d) Impose the boundary conditions for X to determine the possible values of 4. (5pts)

4. (I5pts)Let 4 and f be vector and scalar fields, respectively.
(a) Prove V-VxA=0.(5pts)

(b) Express V-(f4) intermsof f, 4, Vf and V4. (5pts)

(c) Suppose A4 =a_ 2xy+ dx’+dz. Findan f such that A=Vf.(5pts)

5. (15pts) We would like to evaluate the directional derivative of a scalar field

Vix,y,z)=xy+x+z+1 atthe origin.
(a) At first let us find the derivative along the direction (1,1,1). Choose a nearby point
AF = (At, At AL,

(i) Find AV, theincrementof ¥ from the originto AF.

(i) Determine the derivative lim _Q_T:/:_

IAFI-*0| AF |

(b) Consider the derivative along any direction in the xy-plane. We should now use
A7 = (Ax,Ay,0).  Which direction will give the maximum derivative?
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6. - (15pts) Verify divergence theorem for the vector field Fx,y,2)=d,x+ d,2x+a,xyz

over acube bounded by x=0, x=1, y=0, y=1, z=0 and z=1.
{a) Compute V-F‘(x, y,2). (5pts)

(b) Perform the volume integral. {5pts)
{c) Perform the surface integral. (5pts)
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.1.(10%) Prove that the Lorentz condition for potentials is consistent with the equation of .

continuity.

2. A parallel-polarized wave is incident from air onto a dielectric with €. = 2.56.
(a)(10%) Find the standing wave ratio for a normal incidence.
' (b)(lO%) Find the Brewster angle for the complete fransmission.
{c}(10%) Calculate the reflection coefficient for a perpendicularly-polarized wave incident from

air onto the same dieleciric at the Brewster angle.

3. Consider a very long coaxial cable. The inner conductor has a radius a and is maintained
at a potential V5. The outer conductor has an inner radius b and is grounded. The conductors
are assumed to have a surface resistivity R,, and the material filling the space between the
conductors is assumed o have a complex permittivity ¢ = ¢ — je and a permeability p.
{a){10%) Determine the potential distribution in the space betweén the conductors.

--=- (b)(10%) Determine the electromagnetic fields of a traveling TEM wave inside the coaxial
cable.

(€)(10%) Determine the transmission-line distributed parameters L, C, R and G.

4. Cousider a length of air-filled copper X-band rectangular waveguide, with dimensions
@ =2.286 cm, b = 1.016 cm. The conductivity of copper is ¢ = 5.8 X 107 §/m. '
(2)(10%) Find the cut off frequencies of the first four propagating modes.

(b)(10%) What is the attenuation in dB of a 1 m length of this guide when operating at
f =10 GHz?

(c)(10%) Determine the energy-transport velocity of the guide when operating at f = 10 GHz.

—— . R . PR—— - B e



