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Question 1 (20%)
(1) Prove following vector calculations. (10%)
lax bl = [a]’[b|* - (a,b)?

(2) Calculate the distance between two lines, 32;1 = yT—2 = Z and x=y=z.(10%)

Question 2 (20%)
Calculate the following integration using the Laplace transform. Note that even if you obtain an answer,

you do not receive any score unless you use the Laplace transform.
T sinax
'[ dx

-

Question 3 (20%) A
The Fourier transform is often used to relate the time domain parameter t and the frequency domain
parameter ®. Suppose that a function x(t) has Fourier transform X(jo). Now, consider another function
1g(t) whose shape is the same as the shape of X(jo), that is
gB)=xX(j1). |
Show that the Fourier transform G(jo) of g(t) has the same shape of 2nx(-t), that is, show that
G(jo)=2m(-m). :

Question 4 (20%)
Solve following differential equations to obtain general solutions.

(D cosxsiny%y =sinxcosy (6%)

(2) (x+y+1)%:—=x+y—1 (6%)

) y+2 =0 5%)

Question 5 (20%)
Assuming z =re? and ¢ = pe”, calculate following values.

(1) ReZEE (10%)
z-¢

) ImZEE (10%)
z-¢ '

(END OF QUESTIONS)
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1. (Total:15%) The circular arc of radius a shown in Fig.1 lies in the xy plane and has a constant linear
charge density A and center of curvature at the origin. (2)(10%) Find E at an arbitrary point on the z
axis. (b)(5%) Show that when the curve is a complete circle your answer becomes

_ Aaz

B Ze, (a? + z2)32

Y

E

Fig. 1.

2. (Total:lS%) (2)(10%) Please find out the potential ®{z) in Fig.2 for points on the z axis for positive
z. Assume the bound surface charge density on the uniformly polarized sphere is oy, {8") = Prosf.
(b)(5%) Also please find out the electric field on the z axis outside the sphere (|z]>a).

Fig. 2.

3. (10%) Please find the magnetic field a distance z above a long straight wire (finite) carrying a steady
current I as shown in Fig. 3.
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Fig. 3.

4. (15%) Consider the following boundary conditions shown in Fig. 4 and solve the potential ${x, v, z}
according to the boundary conditions

atx=0 ¢(0,y,2)=0 plane 1
atx=L ¢(L,y,z)=0 plane 2
aty=c ¢(x,0,2)=0

aty=0 ¢(x,0,z)=f(x) stripe 3

Fig. 4.

5. (Total: 25%) Please refer to Fig. 5. A plane wave traveling in a medium of impedance Z, is normally
incident at z=0 on a second medium of impedance Z, The second medium has thickness I, and
behind it is another medium of impedance Z3, which extends to the rest of space. (a)(10%) show that
the ratio of the reflected and incident electric field amplitudes in the incident medium is given by

Eor _ Z3(Z3— Zy)cosk,L —i(Z — Z,Z)sink, L
s  2,(Z3+ Zy)cosk,L — i(ZZ + Z,Zg)sink, L

(b)(5%) Show that if Z; & Z,, the reflected wave will be zero when L equals an odd multiple of a
quarter wavelength in medium 2 and Z, = {Z,Z,)1/2
(©)(5%) Find the corresponding conditions for zero reflected wave when 2. =2, %2,
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(d)(5%) If light of wavelength 5* 10""m is normally incident in a vacuum upon a large slab of glass of
index refraction 1.5. If the glass is to be coated with a layer of material in order that the light not be
reflected, find the required index of refraction and minimum thickness of the coatings.

N

77
o L. Fig. 5.

6. (20%) Consider the infinitely long coaxial cylindrical conductors shown in Fig. 6. The inner
conductor carries a total current I in the z direction, while the outer conductor carries a current [ in
the - 7 direction. Assume the currents to be uniformly distributed over their respective cross sections.
Find B everywhere and plot your results as a function of p(the radial variable).

Fig. 6
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1. The pion has an average lifetime of 26.0 1is when at rest. For it to travel 10.0 m, how fast must it
move? . G )

2. A proton has a kinetic energy of 1MeV. If its momentum is measured with an uncertainty of 5.0%,
what is the minimum uncertainty in its position? ' S

3. The density of gold is 19 glem®, and its molar weight is 197 g/mol. What is the Fermi energy of gold
y

at 0 K? G )
4. (a) What is the associated operator of energy [E]? G %)

(b) What is the associated operator of momentum [P]?

G @)

= AL

5. For the simple harmonic oscillator, the potential energy function is Ux)=1/2 mwzxz,

(a) Write down the time-dependent Schrodinger equation. S )
(b) Derive state energy and wavefunction from Schrodinger equation. . (15 %)
(¢) Use uncertainty principle to calculate the ground-state energy of a harmonic oscillator. (10 49
(d) How do the quantum probabilities agree well with classical probabilities? X))

6. The central force on an atomic electron is one directed toward a fixed point, the nucleus.
(a) Derive the radial wave equation with orbital quantum number ¢ and magnetic quantum number m.
| (10 %)
(b) For hydrogen-like atom, the force is the coulomb force, with its associated potential energy U=kZe*r.
Calculate the radial wave functions Rpe(r) for =1, 2 (154
(c) What are the physical meanings of these quantum mumbers (1, ¢, m) and how do they relate to each
other? CED)
(d) Explain the Zeeman effect and how do Stern-Gerlach experiment detect space quantization. (10 %)

Electron mass: 9.11¥107'Kg
Proton mass: 1.67*¥10%" Kg.
Planck constant: 6.625%10*Js
Boltzmann constant: 1.38%107 J/K
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(a) (5%)Please give an equation to express current flow in a semiconductor material. You should
explain all the terms you give. : 4

(b) (5%)Please write down the equation for current-voltage (I-V) relation of a pn diode and also
draw a schematic of I-V relation. You should define the reversed and forward bias regimes.

(c) (10%)Please -explain the basic operation principles of MOS and BIT, also write down and
explain their small signal circuit models. '

Figure 1 Figure2

(2) (20%)As shown in figure 1, a diode serially connected with a resistor R and a capacitor C is served
as a rectifier circuit. The voltage source Vs is a time-varying voltage source and the output voltage

is placed across R.

(a) (5%)Please state the operational principle of this circuit and also plot the large signal equivalent
circuit model for this circuit.

(b) (10%)If V&=V, * sin(2x - f - t), please draw the schematic diagram of the output waveform
within a period of time. V,, f, and t are source amplitude, frequency, and time. If removing the
capacitance, what is the difference in output waveform? Please explain all the plots in details.

(c) (5%)If the diode has turn-on voltage of V, and series resistance of Ry, use the large signal
model to estimate the values of R and C to get output rectified DC voltage within 10%
variation. _

(3) (25%)In figure 2, a BJT common-emitter circuit is used for ampliﬁer. BJT has common-base
forward short-circuit gain 0F=0.98. R;, Ry, Ry, and Rg are 100, 10, 2, and 1KQ respectively.

Vcc=12V.
(a) (10%)Determine the operation point of BIT (i.e. Ic and Vcg) if ideal BJT is used. And also

find the AC gain. ,

(b) (5%)The linearity of amplifier is quite important to amplifier.operation. If the BJT is not
ideal, what are the major factors leading to the nonlinearity as large input signal is
coupled? :

(c) (5%)What are the purposes of C; and C; in the circuit?

(d) (5%)Draw the equivalent circuit model of circuit at low-frequency and high-frequency

regimes.

Vb Vop iD (uA)
3 00/ A

I Vbp R ' ?
20 § :
e ’ : C | /)
100 ;
B —

Figure 3

Figure 4
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(4) (15%)

(a) (5%)Please draw the cross section of CMOS circuit in IC fabrication.
(b) (10%)Figure 3 plots a CMOS logic circuit with two inputs ports, A and B,
C. What is the logical function of this circuit? Please verify it by truth tabl

A © 435004
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and one output port,
e.
(5)(20%)As shown in figure 4, a current mirror is formed b
drain current with drain-source voltage (ip
R=40kQ and Vpp=12V.
(a)(5%) Please explain how the current mirror functions.

(b)(10%) Use ip-Vpg relation to find the ip of the output transistor. Give all the details in your
calculation.

(c)(5%) If the mirrored current should be scaled up to a ratio of r (right ip transistor / left ip

transistor = r), how to scale up the geometrical structure of such two MOS transistors? Explain
that.

y two identical MOS transistors, where the
-Vps) at different Vgg levels is also shown in figure.




