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1. ﬁ@T?’Jﬁﬁiﬁ: y' +y tanx =sin2x ,y(0) = 1. (10%)

2. BEAIFRK: y'+y= 2t yGm =;my (G1) =2 V2. (108)

(1-23)’

3. K Maclaurin series of f£(z) = atzy =0. (10%)

4 —Ell=2 @AY, & w2+l Sh(uapping) %, FRIEEL?
(357 z=xt+iy, w=utiv). (10%)
5. & (a) VET) ,(b) V- @fX) , and (¢) Vx(FL(X)), (d&: T =xi+y]+2kK). (9%)
6 mFare: X =1 fx+ 2] o
L& [ (9%)
8. ##Acos(f)+cos(f + a)+-+cos( +na) =&1§%§f—aCos(9 +§na) o (7%)
9. MGRIRGR)TREMALFER, 7=2+20 , 2ZEMRSRAFER - (85
10, MsTFHARRLESMAME: (185)

(a) Bessel’s Functions

(b) Laplace Method

(c) Green’s Theorem

(d) Taylor’s Series

(e) Cauchy-Riemann Equation
(f) Spline interpolation
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1.

(10%) Please derive the two divergence equations of Maxwell’s equations from the two
curl equations of Maxwell’s equations by making use of the equation of continuity.

(12%) A square loop shown in Fig. 1 with side a = 0.2 (m) in the zy-plane carries
a current J = 2 (A) in a uniform magnetic field B = 45 + Gy4 + 23 (T). Find the

torque on the loop.
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Fig. 1 Fig. 2

(12%) A very long cylindrical capacitor shown in Fig. 2 comsists of coaxial metallic
surfaces of radii @ and b. The dielectric material between the surfaces has a relative
permittivity e, = 1 + (4/r). Please determine the capacitance per unit length of the

capacitor.

(20%) Consider a 100 () distortionless transmission line. The line has an inductance

" of 0.25 (uH/m) and the attenuation on the line is 0.04 (dB /m).

(a) Find the resistance, capacitance, and conductance per meter of the line. (12%)
(b) Find the distance at which the amplitude of the voltage traveling wave decreases
to 1% of its initial value. (8%) ‘

(20%) A magnetic dipole formed by a small circular loop of radius a carries a current
I and centers at the origin as shown in Fig. 3.

(a) Find out the vector magnetic potential A at a point whose distance, R, from the
center of the loop satisfies R > a. (10%)

(b) Find out the magnetic flux density B from (a). (10%)
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6. (26%) Consider the problem of the normal incidence at multiple dielectric interfaces
for a uniform plane wave in medium 1.

(a) For a situation shown in Fig. 4(a), there is a dielectric discontinuity at z = 0,
which can be characterized by an infinite medium with an intrinsic impedance
Z(0). Please find out Z(0) and the effective reflection coefficient at z = 0. (10%)

(b) If m # ns and d is equal to a quarter wavelength in medium 2, please determine
ns to have no reflection at z = 0. (6%)

(c) Sometimes we cannot find a material having a suitable intrinsic impedance to
satisfy the condition of no reflection. We can place one more layer with a thickness
b in front of medium 2 to reduce the reflection as shown in Fig. 4(b). If b and d
are quarter wavelengths in medium 4 and medium 2, respectively, please express
the effective reflection coefficient at z = —b. (10%)

m ™
E, E,
ﬁil—banj [;-[‘,L—>&ni
medium 1 medium 1
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Figure 1 shows a circuit based on a MOSFET which works as an amplifier. Assume the.

please

channel-length modulation cannot be neglected, thus induces an output impedance Io;

choose the correct answer of the following questions.
1. (5%) What is the input impedance (Ri) of the circuit?

@R OGR+Rs ©RIR @DRI[R, (&)
2. (5%) What is the output impedance (Rouw) of the circuit?
@R, ), () Ry+r, (@ Rp I, () Rpll7oll Rs

3. (5%) What is the voltage gain of the circuit?
@g,R, B)-2.8 © g Rplr) @D-8.,Rollr) (@) —gaRpli7o 1l Rs)

4. (5%) Which one is unchanged if Cs is removed?
(a) inputimpedance  (b) output impedance (c) voltage gain  (d) all of the above

Voo

Ry = =Rp
c 2 Vout

L,

+
Vi
"N Rg Ics

Figure 1 ) T =

Figure 2 shows a circuit based on two BJT. Assume Early effect can be neglected, and the current

gain of the two transistors Q; and Q are B and B,, respectively.

chc
!
I ¢ gm1 : transconductance of Q1
_B> gm2 : transconductance of Q2
rma : Small-signal impedance of Q1 seen at the base
Q2 2 : sSmall-signal impedance of Q2 seen at the base
Figure 2 °
5. (5%) If the base of Q, is grounded, what is the impedance seen at the emitter of Q,?
1 1
1 (rn‘] ” —) + rﬂZ (rn'l ” _)
(a) rir1+r7r2 (b)rlrl ” L) (C)(rzrl ” —)+r7r2 (d) ol (e) ;—'—m—+rn
& P +1 pptl T

6. (5%) If the emitter of Q, is grounded, what is the impedance seen at the base of Q;?
(a) rzrl +r7r2 (b) rﬂl “ rzr2 (C) rﬂ] + (ﬁl +1)r7r2 (d) rﬂ'] + (ﬂZ +1)r7r2 (e) rﬂ'l “ (ﬂl +1)r7r2
7. (5%) what is the current gain Ic/Ig? '

(@ Bi+BA+B) ®)BA+S) ©) B+p Q) BB (&) BB
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1. (5%) What are Zener breakdown and avalanche breakdown in pn junction?

2. (5%) Please define the drift current and diffusion current of semiconductors.

3. (5%) Draw the large-signal and small-signal model of a BJT operating in active region at
low- frequency. _

4. (5%) A MOSFET can be viewed as a voltage-dependent resistor in triode region. Please
draw the Ip-Vg characteristics and state the operational principles.

5. (5%) A MOSFET can be viewed as a voltage-controlled current source in saturation region.
Please draw the Ip-V characteristics and state the operational principles.

6. (5%) Express the small signal transconductance g of a MOSFET operating in saturation region
in terms of (2) Ip, Vs and Vr and (b) Ip and W/L.

7. (5%) Please draw the physical structure of a PMOS and a NMOS including substrate, isolation
island and contacts.

8. (5%) Please draw the circuit of a simple CMOS inverter and describe the operation principles.

9. (5%) What are the basic requirements on input impedance and output impedance for a “good”
amplifier? Why? |

(E=85) BHEE 20%, B HREEEE
Figure 3 shows an op amp circuit.

1. (5%) Assume the op amp is ideal. Please derive the voltage gain Vou/Vin of the circuit and draw

the equivalent circuit model.
2. (5%) If the op amp is not ideal and exhibits a finite open-loop gain A, please derive the voltage

gain of the circuit. ‘
3. (5%) In Figure 4, consider a capacitor C; is in parallel with R, please derive the expression for

the transfer function Vou(s)/Vin(s). Assume the op amp is ideal.

4. (5%) What is the dc gain and-3dB bandwidth of the circuit in Figure 4?

G
| SS—
R, R
—
I ,_.__.__IZ
v x Ry
in 0—':7 - Vln o '__—'ll —_
—0 Vout o Vout
v v
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. (20 points) A three-dimensional isotropic harmonic oscillator has the energy
eigenvalues i (n + 3/2) where n =0, 1, 2... What is the degree of degeneracy

of the quantum state # ?

. (20 points) Use the variation principle to estimate the ground state energy of a
particle in the potential
V=0 forx<0,

V=cx forx>0.

Take Xxe€ ™ asthe trial function.

. (30 points) Write expressions relating the wavelength to their energy for following
particles. What are the energies for these particles of wavelength = 1 nm,
respectively? |

(2) photons, (10 points)

(b) electrons, (10 points)

(c) neutrons. (10 points)

. (30 points) For particle statistics, there are three distribution functions: (1)
Maxwell-Boltzmann distribution, (2) Bose-Einstein distribution, and (3)
Fermi-Dirac distribution.

(a) Write down the three distribution functions. (10 points)

(b) What are the particle properties of each distribution? (10 points)

(c) For each distribution, give an example of the particle. (10 points)

Physical constants:

Reduced Planck constant i = 1.05458 x 10* J-s
Electron volt 1 eV = 1.60218 x 10%°J
Boltzmann constant kp = 1.38066 x 102 /K




