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(b) Please find its eigenvalues & eigenvectors. (10%)-

2 3+4i . .
1. 4 =[ ljl () Is the matrix A Hermitian, skew-Hermitian or unitary?

2. Please find the inverse of the given linear transformation: (10%)
x¥=19x + 2y ~9z
y¥=—dx -y + 2z
z¥=—2x +z.

Is+4

3. Please find the inverse Laplace transform of the function —
§ 4+ 4545

(10%)

4. Please evaluate the real integral: f %dx (10%)
=X

5. Find the Fourier transform of the function f(x). (15%)

F(x)= e ,wherea >0

6. Please solve the initial value problem:
Y =321y 161y =6y =0,3(1) =2y 1) =1yW=—4 = 5‘3;{—) (15%)
228 427 +4

7. Please evaluate c_& s
z Z

dz, Cthecircle |z 2| =4, clockwise. (15%)

* 8. Please solve x%+z—j=xr, u(x,0=0 if x20, u(0,/)=0 if ¢=0.(15%)"
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Modern Physics 2005

1. Write down the name(s), in English, associated with the following major events in
modern physics and the year (full credit if within 5 years) of occurrence. (5% each)
(25%)

(a). Special theory of relativity.

{b). First stable atomic structure model.

(c). Wave mechanics (quantum mechanics) for the electrons in matters.
(d). Exclusive principle for electrons in an atom,

(e). Big-bang theory for the origin of the universe.

2. (a). Describe the Max Planck’s theory of black body radiation and its importance
in revolution of modern physics. (10%)
(b). Derive the equation for the black body radiation distribution.  You must
clearly state all the assumptions needed for this equation. (15%)

3. (a). Compute the photon flux density inside the core of a single mode
step-indexed optical fiber carrying 1 milli-watt of power operating at 1.3 um.
For this calculation you need to estimate, from EM waveguide theory, the
core diameter. Please state clearly all the necessary assumptions. (10%)

(b). At extremely low power level, continuous EM theory is insufficient and the
particle-like photon characteristics become apparent.  Estimate the
maximum theoretical bandwidth caepacity (Giga-bit/second) of this
milli-watt optical fiber assuming that ten photons are needed to carry one
single bit information. {15%)

4. (a). Write down the time harmonic Schradinger equation in spherical coordinate for

the single-electron hydrogen atom. {10%)
(b). Outline the mathematical procedure for solving this equation and list the
special functions used in the solutions and discuss their properties. {15%)

Planck’s constant k = 6.63x10% Jg
Electron‘s mass m, = 9.11x 10 kg
Speed of light c=3.0 x 10° M/s
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{1} A pn junction with a bias voltage ¥ is shown in figurel. (20 points)

{a) Please draw the schematic current-voltage (/-¥) relation in forward- and reverse-
biased PN junction. You should indicate voltage polarization, the turn voltage,
the breakdown voltage, dark current level in the plot.

(b) Using the plot in (a), draw and explain the I P
equivalent circuit models for forward- and
reverse- biases.

(¢) In figure 1, please draw schematic diagram — P [ N
for charge density, electric field density, and —_—
clectrostatic potential with position x.

(d) Define depletion capacitance and diffusion capacitance of a PN junction. As in
reverse bias, is there any diffusion capacitance effect in the junction? why?

Tigure 1

(15points)

(2) (a)Explain and compare the functions of BJT and FET.
(b) State the Early effect. -
(c) Explain the function of charge-couple-device (CCD).

(15points)
(3) (a)Plot the circuit diagram and cross sectional view of a CMOS inverter and state ifs
operation principle,

(b)Explain that the CMOS inverters have advantages over NMOS and PMOS
inverters,

(30points) -
(4) A discrete BJT common-emitter (CE) amphﬁer stage is shown in figure 2.
(a) Explain the effects for all the capacitances.

(b) Draw the Jarge-signal D.C. equivalent circuits.
(c) V=30 V,R~7kQ, Ri=90k{l, Ro=10k (2,
Re=1 k{2, 8 =100, then calculate the operation

point, i.e. the I, and V., of BIT. (You could v,
assume I;o~0)

{d) At the low frequency, draw the smail signal
A.C. model using hybrid- z model and derive
the expression for voltage gain (V/Vy). You
must define all the parameters in BJT

(20 points)
{5) OP-Amp is shown in figure 3.

(a)} Define an ideal operational amplifier (Op-Amp).

(b} For an ideal noninverting OP-Amp, what is the voltage v
gain(A=w,/v) in terms of Ry, Ry and R3? (You should " -
state your reasons).

(c) If the OP-Amp is not an ideal one, please find the output
voltage gain in terms of Ry, Ry, Rs, A, {the voltage gain
of Op-Amp), R; (input resistance of Op-Amp) and R,
‘(output resistance of Op-Amp). And explain why the
results will approach to the results of (b) in an ideal case.




