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Consider the Zener diode circuit shown in Figure 1. The Zener breakdown voltage is
V, =56 at I, =0.1m4, and the incremental Zener resistance is r, =10Q, (a) Determine

¥, with no load (R, = ). (b) Find the change in the output voltage if ¥, changes by +1, (c)
Find V,if V,, =10V and R, =2kQ. (12%)

The parameters of the transistor in the circuit shown in Figure 2, are £ =150 and V, =w.{a)

Determine R, and R, to obtain a bias-stable circuit with the Q-point in the center of the load
line. (b} Determine the small-signal voltage gain A4, =v_/v,, (12%)

The equivaient circuit shown in Figure 3 has circuit parameters R; =1kQ, r =2.6kQ,
g, =38.5mA/V and R, =5kQ. (a) Derive the expression for the voltage transfer function -
T(s)=V,(5)/V,(5). (b) Determine the required value of C, such that the 3dB frequency is 500
kHz. (c) What is the maximum gain asymptote? (d) Sketch the Bode plot of the voltage
transfer function magnitude and phase. (16%%)

Consider the instrumentation amplifier shown in Figure 4. The circuit parameters are:
R, =10kQ, R, =50k, R,=20kQ, andR, =30kQ. Let V,,=25sin¢ mV and
V. =—-25sinet mV. Find vy, vy, v,, and the current in each resistor. {12%)

The transistor parameters for the circuit shown in Figure 5 are: =100, V,,(on) = 0.7V ,and
¥, =o. (a) Determine R; such that I, =150u4. (b) Find 4, 4_,, and CMRR,, for a one-
sided output at ¥,,,. (c) Determine the differential- and common-mode input resistances. (15%)

For the op-amp shown in Figure 6 , the input offset voltage is ¥, = /0 mV , the input bias
current is I, =2ud, and the input offset current is I, =0.2u4. (a) Determine the worst-
case, or maximum, output voltage when ¥, = 0. (b) Design compensation circuit(s) to minimize
v, when v,= (. : (12%)

Consider the Schmitt trigger shown in Figure 7. Assume the saturated output voltages are
+V,. (a) Derive the expression for the crossover voltages Vand V. (b) Let R, =104€2,
R, =204Q, R =5kQ, R, =20kQ, V, =10V, and Vpe = 2 V. (a) Find ¥V, and V. (B)
Sketch the voltage transfer characteristics. (12%)

Describe the specialized characteristics of the following diodes: (a) Schottky barrier diode; (b)
light-emitting diode; and (c) photodicde. (9%
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1. Give an example to explain the probability measure should not be assigned to the
outcomes in the sample space.

Gin-1BEEEES
2 An urn‘contains b black and r red balis. The ball is drawn at random without
replacement until the first white ball is extracted. What is the expectation of the
number of the extracted black balls? Please give the exact answer. (Hint: Do not use
the probability density for the number of the extracted black balls or you will get a
messy answer. Think about the relation of some expectations of some useful random

variables.)

3. Describe how the idea of inner product for vectors is applied to the concept of
correlation of random variables in probability theory.

4. Prove or disprove by counter example that orthogonality implies linear independence
in the linear. space.

5. What is the dimension of the possible linear space of the real field over the complex
field if it is 2 space? Explain in detail.

6. What are the eigenvectors of a rotation transformation in the real plane?
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10 points fof each of the 10 questions. Be concise and complete !

1. Define “noise figure” and derive “cascaded noise figure” of 3 stages with noise figures Fy, Fy,
" Fjand gains Gy, Gy, Gj.

2. Define “linear time-invariant lumped system” and show that the output response of this system
is the convolution of the input excitation and the system impulse response function.

3. Define “additive white Gaussian noise - AWGN “. How can we generate AWGN samples ?
Explain your confirmation procedures. '

1L

4. Derive “Bayes’ decision rule”, “maximum a posteriori decision rule” and “maximum likelihood
decision rule”.

5. What are “Wiener filter “ and “matched filter” ? - Why do we use these filters and how ?
6. What is “signal companding” ? Why do we use it and how 7

7. What is “Gram-Schmidt procedure” ? Why do we use it and how ?

8. | What is “spread spectrum communication system” ? Why do we use it and how ?

9. A pre-emphasis/de-emphasis system is to be designed to work with noise having a spectral
density

Sy =exp(5* 10| f]), VZ/Hz
The de-emphasis filter is designed to whiten the noise spectral density over the range of 0 ~ 15
kHz. Find the power transfer function of the pre-emphasis filter required to prevent signal
distortion. What SNR improvement can be obtained with this system as compared with a

system with no pre-emphasis/de-emphasis ?

10. A binary communication system uses antipodal signals of the form
s =(1)1[1-cos (2%3.1416*t/T)], 0<t<T, i=0,1

And the two signals are equally probable. These signals are received in the presence of non-
white noise having a two-sided spectral density of

Sy, (W) =8%10%/ (w? + 4*1010)
The bit rate is 30,000 bits / sec.

(a) Find the transfer function of the whitening filter that is needed.
(b) Find the impulse response of the matched filter that follows the whitening filter.
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(20pts) We would like to solve the differential equation

Y@ +2y(0)+y0)y=x(t), Y @=0, y®=1.
(2) Find the natural response due to the initial conditions alone, i.e., x(f}=0.
(b) Find the forced response for a given input x(f) =sint with zero initial conditions.
(20pts) Consider the partial differential equation

du du _

FEaria |
(a) Show that u(z,0}= f(az—¢), a>0,is asolution and determine the constant 4.
(b) If the function () is a Gaussian pulse f(x)=exp(—x’), can this function be a
solution to the equation? Why?
(c) Suppose the solution f(-) is sinusoidal, e.g., f(x)=cosx. Does the position ofa
peak of u(z,t)= f(az -t} move as the time increases? If so, what is the speed?
(d) It can be shown that a complete solution is u(z,f) = f(az—-)+glaz+t). If
f(x) = g(x) = cos x, does the position of the minimum |u(z,1)| move as the time
increases? If so, what is the speed?
(15pts) The Laplace’s equation in Cartesian coordinates and cylindrical coordinates
x=pecos¢, y=psing are - '

Pu Pu u 1w 1 du

a7 g pop OB
We will carry out the derivation only partially.
(a) Write ou Aﬂ+ Ba—u. Find 4 and B. (5pts)

ox 8p o

2 B

{b) Express % in terms of the derivatives of u withrespectto p and ¢. (10pts).

(15pts) A helix is described by 7(t) =d,2cos(t/2)+4,2sin(t/2) + apg.,

(a) Write di(r) = A(f)dt . Determine the vector A(?). (Spts)

(b) Find a unit tangent to the curve at (2,0,0). (5pts)
{c) Find the length of the curve from (2,0,0) to (0,2,7). (5pts)
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(15pts) The directional derivative of a function @¢(x,y) at (x,,¥,) in the direction ofa

unit vector &, =du, +du, isdefined by

_ﬁ_i_?_ 2 lim ¢(xﬂ + hux! Yot huy) " ¢(x0= ye)
da, w0 B '
Express this quantity in terms of &, and Vg(x,,1,). Show your derivation.

(15pts) Verify Stoke’s theorem for the vector field F(x, y,z)= ax+a,x+d,2xy using
the hemijsphere x? +3? +z° =4, z<0.
(a) Compute Vx F(x, y,z). (5pts)

{b} Perform the line integral. (5pts)
(c} Perform the surface integral. (5pts)

*2F %2R
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1.(20%) A capacitor consists of two coaxial metallic cylindrical surfaces of a length 30 (mm)
and radii 5 (mm) and 7 (mm). The dielectric material between the surfaces has a relative
permittivity ¢, = 2 + %, where r is measured in mm. Determine the capacitance of the

capacitor.

2.(20%) An air coaxial transmission line has a solid inner conductor of ra.di'u.s o and an outer
conductor of radius b and thickness d. Determine the inductance per unit length in terms of

a,b,d for the line.

3. Arright-hand circularly polarized wave represented by the phasor E(z) = Eola, — ja,)e™7P*
is incident normally from air onto a perfect conducting wall at z = 0.
(a).(10%) Determine the polarization of the reflected wave.

(b).(10%) Find the induced current on the conducting wall.

4. The open-circuit and short-circuit impedances l;neasured at the iﬁput terminals of an air-
spaced transmission line 4 (m) long are 2504 — 50°(£2) and 360£20°({2}, respectively.
(a).(10%) Determine Zp, o and § of the line. . . -

(b}.(10%) Determine R, L, 3, and C,

5.(20%) The power handling capacity of an air-filled waveguide is limited by voltage break-
down, which occurs at a field strength of about 3 x 10° (V/ m}) for room temperature air at sea
level pressure.d Find the maximum arount of 10 {GHz) average power that can be transmitted
through an air-filled rectangular waveguide with dimension a = 2.25 (cm) and b = 1.00 (cm)

at the TE;; mode without a breakdown.






