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1. LetA=|1 2 0 |.Findthe rank and the determinant of A’ = AAAAA . Show the details
2 1 -1

of your work.  (10%)

2. Transform the quadratic form: 7x7 +5x; + 6x2 —4x,x, +4x,x, =210 to principle axes (to a
canonical form;, i.e. the form of A,y + 4,y2 + 4,y; =210). Express the new coordinate vector

y=[» ¥ y3]T in terms of the original coordinate vector x =[x, X, x3]T. (15%)

3. Find respective general solution y(x) for the following ordinary differential equations.

Note: y' =& y(x), ¥ =< y(x), and y"'=5y(x))
a. y’-l—y—x\/;:O (10%)

b, yT-3yi3y—y=citxt (10%)

c. y'+y=cos’x (10%)

4. Find the steady-state temperature T(x,y) of the thin rectangle in the following figure, if the
left side is kept at 50sin(37y / b), the upper side is kept at 10sin(zx / a) , and the other sides
arekeptat0.  (15%)

T(x,b) =10sin (”—x]
a

T(0,) = 50sin (3—”—31]

5. For a given Sturm-Liouville problem: (Note: ¥ =4 y(x) and y"'= fz- y(x))
X’y +xy'+Ay=0, 1<x<3
Y'(1)=0 and y(3)=0
a. Find the eigenvalues A and eigenfunctions y(x). (10%)

b. Verify orthogonality of the eiéenfunotions. (Hint: rewrite the given equation in the
form of [p(x)y'T +[g(x)+Axw(x)]y =0 to find the weight function w(x)) (10%)

6. Show the triangle inequality for complex numbers, |z +2, | < |z, |+]2,| (10%)
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1. Inthe general orthogonal coordinates, prove that the divergence of a vector function B is given by
1 [8Blhzh3 L OBuhy 6‘Bsh1h2)
h,h,h, \  Ou, Ou, ou,
Where Bj, h;, and u; (i = 1,2,3) are the coefficients, metric coefficients, and coordinates in the general
orthogonal coordinate system, respectively. (10%)

V-B=

2. A point charge +q is at a distance d from the center of a grounded conducting sphere of a radius a
(a<d) as indicated in Figure 1. Please determine (a) the potential distribution and electric field
intensity inside and outside the sphere (12%) and (b) the charge distribution induced on the surface
of the sphere (6%). (c) If the conducting sphere is not grounded, please recalculate the potential
distribution inside and outside the sphere. (10%)

3. An infinitely long coaxial transmission line has a solid inner conductor of radius a and a very thin
outer conductor of inner radius c, in which two magnetic materials 1, and p, are filled as shown in
Figure 2. Determine the inductance per unit length of the line. (15%)

4, Please derive the equation of continuity from Maxwell's equations. (10%)

5. Please describe Maxwell's corrections to Ampere’s Law. (10%)

6. Determine the dielectric constant and thickness of a transparent coating layer deposited on a glass
substrate (g, = 4, p; = 1) to eliminate the reflection of red light (660 nm). (8%)

7. For a step-index fiber shown in Figure 3, assume the core index is ny = 1.45 and the cladding index is
n, = 1.44. Also assume the free space wavelength of the light is 49 = 1.5 pm.
(a) Determine the numerical aperture NA and acceptance angle. (8%)
(b) What is the range of the propagation velocity along the fiber axis according to geometrical
optics? (6%)
(c) What is the maximum value of the core radius R allowed for this fiber to operate at single mode
condition for the wavelength range of 1.2~1.6 um? (5%) "
(Hints: The V-number of an optical fiber is defined as V = 2nR(NA)Ao ™. For single-mode operation, V

< 2.405)

ny=1.44

Ny= 1.44

Figure 1 Figure 2 Figure 3
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W~ RS EEREEAT (8%
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[2. —{EEAE & 3w 4MF(relativistic loartlf:IE)EI’]g % )FIEN & (p) Ay FBE T
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B~ 3B v AR o v BERER > BERTE v * v BENEE ? (10%)
7~ BT 2B o (5%)

3. —#EEE TR (- 5) 2+ viw ) = Fe ()
B~ %%%ﬁ%%iﬂiiﬁﬁsﬁ =R VU TR EEEE -
(8%)
o~ E-BEnINT EERERI—FETF 0 HARE
TE x=0 Jz x=a ZEEE X > ﬁﬁf O<x<a ;B & o FiRIL—4EE: | M7
R B Un(x) 2 En » n EEE (n>0) (10%)
A - %‘éﬁﬁé“ﬁ%%ﬁ@% ETEHZR - (5%)

4. FEAEERT > &7 n (HEES m {E2 (conduction) BT -
B E%%EH;E;%#“ Fermi)gE= £5(10%)
Z, ~  EEER AR - FrA ZE;&F@@@E (5%)

(%m noccupied"n( )* (E )’ ﬂ{ﬁ}—mzng ’ P%T&?mﬁi

5. F& 11.0pm B X )% » H—EFHREHT
H o~ Bl X 1E 45 ERHEUE R R (5%)
Z~ BHIEX ) T2 R RIER(5%)
N~ B X SEEETT 0 KFE (recoil) ETEREIRE(5%)
(FeRETHY Compton i &s& 2.426pm)




2. An amplifier circuit is shown in Fig. 2 and its frequency response is given in Fig. 3. For &, = 10k,
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1. A PN-junction operated reversed bias exhibit I-V characteristic as illustrated in Fig. 1 (a).
(1) Please state and explain possible mechanisms leading to such character. (10%).
(2) When operated at the breakdown region, a diode can be used as a rectifier shown in Fig. 1(b).

Please plot its equivalent circuit (4%) and find the dc line regulation j{j (4%).

(3) ¥+ =10V, R = 10kfland C = 100nf. When a small signal v, = 0.15in(27f.t) is added upon
V¥, estimate the maximum frequency £, achievable when the diode still works in breakdown
region (4%) and estimate the associated phase angle between signal and output (4%).
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Fig. 1

please find the values of R, R, Ry C,; C,and g,,(12%). If one insert a resistor Ry = 2.2k£2 between
node 1 and ground, what kind of feedback topology was utilized (3%)? What is the closed-loop gain
A, = %at zero frequency (3%)?
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3. A common-Emitter differential amplifier in Fig. 4(b) is biased by a current source built by circuit in Fig.

4(a).

(1) Assume the current gains in Qi and Q:and are B, and in Qs it is B'. Obtain the expression for Ipigs .
(5%)
Assume the Early voltage of Qsis Va, what is the output resistance of the current source in Fig.
4(a). (5%)
Transistors Q1,Qz, Qs and Qs have identical current gain B and Qs has its current gain B'. The Early
voltage for Qi, Qz Qs and Qsis Va and Q4 has its early voltage (1+x)Va where x is much smaller than
1. Find the expression of common mode rejection ratio (CMRR) of the CE differential amplifier
in Fig. 4(b). (10%) ** credits without detailed calculation procedure.
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Fig. 4
4. MOSFET characteristics:

(1) Plot the structure of n-type MOSFET. Indicate in your plot the depletion region at thermal
cquilibrium when drain and sources are grounded. (4%)

(2) Explain the how depletion region is formed.(4%)

(3) Explain the basic operations of n-typc MOSFET (4%).

(4) Explain body effect; how does it affect the device characteristics; plot the equivalent circuit model
including the body cffect (4%).

(5)  Explain channel length modulation and how it affect the MOSFET characteristics. (1%).

(6) Two MOSFETs arc fabricated on one substrate using the same technology. The dimension of the

transistor are listed in table 1 and MOSFET are in operated in saturation region. Calculate the ratio of
the following parameters: drain current (2%), channel conductance(2%), Early voltage (2%), output
resistance (2%), gate-to-channel capacitance (2%) of the two transistor , i.c.

parameterof trugistorl

rerometare frengistor?
Explain the operation of CMOS inverters and clucidate the effect if the two transistors are not
matched. (6%)

N

Transistor Oxi-d:thickness Channel length Channel width
#1 4 nm 0.4pum 2um
#2 6 nm 0.8um um

Table 1




