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o I. Problems (40%) : n
i 1. Asshown in Fig. 1, the inner conductor of the coaxial cable is now carrying a DC i
5L current of magnitude I flowing in the direction out of the plane of the paper, and 45
the thin outer conductor is carrying an current of équal magnitude but in opposite ’
i direction. If the cumrent flows uniformly in the conductor, please find the _1 _
B inductance per unit length of the cable. (20%) 4
10} 410
Fig. 1 Fig. 2
2. An EM wave is propagating from medium 1 into medium 2 as shown in Fig. 2.
» The refractive index of the medium 1 (ny) is larger than that of the medium 2 (ny). J-
Please use the poynting theorem to verify that there is no energy propagating
- along the z direction when ; > B, (the total internal reflection angle). (20%) 7
150 : 115
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II. Questions (60%):

1. A conducting sphere of radius R is surrounded by free space. At t = 0, a charge
density of p, is disttibuted uniformly throughout the sphere. Flease find the E
field as a function of time for r < R. The dielectric constant and conduetivity of
the sphere are £ and ©, respectively (8%).

2. Please draw the E field between the conducting plates of a capacitor with a finite
dimension. Charges of magnitude Q are installed in the capacitor (5%}.

3. Consider an electric dipole separated by a distance d. Please draw the
equipotential surfaces and E lines of the dipole (6%).

4. A point charge q is completely enclosed inside a metal sphere shell of radius ro.
The thickness of the metal shell is d (< ro). Please find the potential as a function
of r outside the sphere (7%).

5. IfA is a vector function and f is a scalar function then Vx (fA) =7 (5%).

6. A visible light is launched directly onto the following metals : gold, silver,
chromium, zinc and copper. Please choose the one from above list with the
highest reflection of the incident light (3%).

7. A circular polarized light is incident from medium 1 into medium 2 at the
Brewster angle. Please describe the polarization states of both the reflected light

in medium 1 and the transmitted light in medium 2 (8%},

8. Please find the guided wavelength of the TEjo mode of a rectangular waveguide
" with a width of 3 cm and a height of 1 cm (5%).

9. Please draw the directions of the vector potential A of the magnetic dipoles
shown in the following. (6%)?

74 z
I . I
b 1 ¥
% @ X ® T
Magnetic dipole 1 Magnetic dipole IT

10. Please write down the two interface conditions for both H and E fields (5%).
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Note that to answer the following problems, you are required to provide the necessary details or key points in
order to get the full credit, and you should answer the problems in number sequentially in your answer sheet,
1. The field-effect fransistor (FET) source follower. (10%)

{a) Describe its typical characteristics of voltage gain, and input/output impedance, and (b) what kind
of application of this circuit is commonly used.

2. The operational amplifier (op amp). (10%)

Describe (a) the defiaition of the common-mode rejection ratio (CMRR) of an op amp, and (b) the
gain, input resistance, and output resistance characteristics of an ideal op amp.

. 3. The negative feedback amplifier circuit. (10%)

(a) What means negative feedback? (b) Describe the general properties (advantages) of a negative
feedback amplifier.

4. The ideal diode. (10%)

For the following circuit using ideal diodes, find the values of the (a) voltage, ¥, and (b) current, I,
indicated. R

10 k0

-1V

5. The full-wave rectifier. (20%) .
For the following full-wave rectifier circuit, sketch (a) the transfer function, v, versus v;, (b) the input
and output waveforms, i.e., both v; and v, and (c) find the peak inverse voltage (PIV) of the diode.

By
Pe
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’;y "'F 3
> . .4
- B ¢

line

1§ +d

voltage & + =
l
- r -
. 4
o M

Ll
D2

6. The digitat-to-analog (D/A) converter circuit. (20%)
The bipolar junction transistors (BJTs) in the following D/A converter circuit have their base-emitter
junction areas scaled in the ratios indicated. Find I, to /, in terms of I

R (TR T PO
IR

=

I

(1

7. The operation of a single-stage bipolar junction transistor (BJT) amplifier. 20%)
For the following circuit let Rp = 100 kQ, Rz = 10kQ, Rc =10k, R, = R, = 10kQ, Vec = Vg =10
V, and let the BJT have § = 100 and ¥, = 100 V. (a) Find the dc value of ¥, Vg, Ic, and Ve. (b) Also
find the values of R,, Ry, 4, (= v/Vy), and 4; (= 1,/ .
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1. Write down the year (full credit if within 5 years) when the following events took

place in the history of modern physics. (15%)

a. Max Planck theory on black body radiation.
Einstein published paper on photoelectric effect.
Neil Bohrs theory on atomic structure model,

¢ a0 o

Wofgans Pauli suggested exclusive principle for electrons.

Erwin‘s Schrodinger introduced theory on wave mechanics.

2. &) Explain the meaning of “time-dilation” and “length contraction” under the
special theory of relativity. b} If you are traveling at a speed of V=0.6cona

spaceship, compute the time (your time) it needs for you to arrive at a distance

planet which is 12 light years (measured from earth’s coordinate) from earth (the

star is assumed to be fixed relative to earth). ¢) As soon as you arrive at the planet,

you send a radio signal back to the earth. For the people on the earth, when will

they receive your signal after vou take off the earth? (20%)

3. A 0.5um CW laser produces a collimated optical beam (2 cm diameter).

Assume

the total output power is 1 watt, compute a} the photon flux density and b) the

optical pressure exerted on a mitror of 100% reflectivity.  State clearly your

assumption and provide both numerical values and the units of your answers.

(15%)

4. a) Write down the time independent one dimensional Schrodinger equation and

explain the physical meaning of the wave function. (8%)

b) Solve for lowest three energy levels and associated wave functions for an

electron in a infinitely deep well of width L=20nm. Please include both

derivation and numerical value of your answers (12%)

5. State the significant features of Rutherford‘s theory of atomic scattering.  (10%)

6. State the particle properties of Bosons and Fermions (also give example of the

particle, their quantum statistical distribution, ete.} (10%)

7. What is the Mossabauer effect? How does the physicist measure small change of

energies of the photons due fo the motion of the photon source.

. Planck®s constant iz = 6.63x10%" J.s

Electron‘s mass m, = 9.11x 10% kg

(10%)
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