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1. Solve the initial value problem:
y?+y=0.001x%y(0)=0, y(0)=15 (15%)

2. Findthevatueof [ F()dr = [FG) ()
when F(r) =[z,x,y]=z { +x j +y k and C is a helix:

r(f)=[cos t,sint,3f]=cost i +sint j +3¢ k (0 <t < 2m)

(20 %)

3. Find the Fourier series of the function:
fix)=x+n if-n<x<nm and f(x+2n)=1{(x) (20 %)

4. Find the currents I,(f) and I5(¢) in the figure below. Assume all currents
and charges to be zero at /=0, the instant when the switch is closed.
(15 %)

L=1nhenry C =025 farad
& iL

1 21
Switch <[ "}T a (Z r:}

t=0
Rl = 4 chms
E =12 wlts =—
LA
Rz = 6 ohms

5. Find the temperature u(x , f) in a laterally. insulated copper bar 80 cm
long if the initial temperature is 100 sin (7x/80) °C and the ends are
kept at 0 °C. How long will it take for the maximum temperature in
the bar to drop to 50°C? Assume physical data for copper: density 10
g/em®, specific heat 0.1 cal/g.°C, and thermal conductivity 1 cal/cm.s.

°C. (15 %)

6. Find an upper bond for the absolute value of the integral:

2
LZ dz , C the straight-line segment from 0 to 1+ (15 %)
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1. (10%) Figure 1 shows the basic structure of a step-index optical fiber with the
dielectric constants of the core and cladding being & and &, respectively. Please
find out the acceptance angle of the fiber, that is, the maximum value of & to
induce the total internal reflection at the core-cladding interface, and describe why
we use optical fiber instead of microwave waveguides or metallic waveguides for
light transmission?
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Figure 1.

2. (12%) A point charge @ is placed between two large intersecting conducting
planes as shown in Fig. 2. Find out the surface charge density on the horizontal

conducting plane.
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Figure 2. Figure 3.

3. (12%) A straight conducting wire A carrying current {; (length = a) is placed near
another straight conducting wire B (length = L) carrying current /; as shown in Fig.
3. Please find out the magnetic force experienced by the wire A.

4. (12%) Assume an antenna generates the radiation fields (in far region) as

B Eé(](}dl) cos @ 2 - jBR ﬁ(fodl) COS_EQ_H;R
i 47R 47R
meaning of the directivity of an antenna and find out the directivity of this

and HG$ = . Please describe the

antenna.
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5. (12%) A transmission line of characteristic impedance Ry = 50 (Q) is to be
matched to a load impedance Z;= 30+ j10 (Q) through another transmission line
with length L and characteristic impedance R. Please find out the required L and
R.

6. (12%) For a sinusoidal time-varying uniform plane wave propagating in free
space, the frequency is f= 2 GHz and the polarization is right-hand circular. The
wave propagates in the —z direction with the initial conditions Ex(z = 0, = 0) =
J3 Ey and Ey(z =0, t = 0) = Ey. (a) Please express the electromagnetic field, E(z, ¢)
and H(z, 1), of this wave. (b) Write the Poynting vector of this wave. (c) If this
wave is incident from free-space into a dielectric medium, please describe the

polarization states of the transmitted and reflected wave.

7. (30%) Consider a dielectric slab waveguide with the indices #| > ng > #;, shown in

Fig. 4. For TE modes: (a) Please derive the corresponding wave equation in terms

of Ey. (b) If Ey can be expressed as £, = Acos(k x —¢)in the core region with k,

being the wavenumber along the x-axis in the core, please express Fy in the
cladding and substrate regions. (c) Please find out the dispersion equation by
fulfilling the continuity condition. (d) Derive the cutoff frequencies for the TE
modes. (€) If n;= 1.6 and n; = ny=1.5, find out the maximum value of a to support

single-mode operation for an incident light with free-space wavelength being

1.3 pm.
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Figure 4.
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Answer the following questions:

1
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wn

6.

9.

10.

What is the difference between intrinsic and extrinsic semiconductors? (5%)
Please draw the electric field intensity and electrostatic potential for electrons in
the depletion region of a pn junction. (5%)

What is the Early voltage? (5%)

What are the typical values of Ve of a BIJT at cut-in. active. and saturation?
(5%)

Please draw the circuit of a simple BIT inverter? (5%)

What is the most extensively used analogy integrated circuit? What are the input
and output resistance of this integrated circuit? (3%) _

What are the four topologies of feed-back amplifiers? Which one (or ones) is
suitable for applications of circuits with high input impedance? (8%)

The circuit shown in Fig. | includes two identical NMOS enhancement drivers
and one depletion load. What is its function? Please use the truth table to verify

vour answer. (8%)

Voo Ve =10%

Load

.- 50 kQ R Sk
Y
A O0——4 Driver
B O— £ Ditrer 10 kQ Ry =1kQ
— Fig.l =9 - Fig, 2

What is the DC equivalent circuit of the circuit shown in Fig. 2? (8%)

The circuit shown in Fig. 3 is often referred to as a Darlington pair. Please show
. = . o . i - . . -

that the current gain (I¢/1p)) of the circuit is 7. where [ is the current gain of

each transistor. (8%)
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11. The Schmitt trigger, as shown in Fig. 4. makes the change in output from -7 V to

+7 V for a swing in input of about | mV. Please {ind the hysteresis voltage of the
circuit. (8%)

Vop=6V Ip (LA)
A

Vagg =6V
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Fig. &

As shown in Fig. 5, the circuit contains two identical transistors with Vy =2 V.
Q, is the driver, and Q, is the load. Please draw the resistance characteristic, load

line, and voltage transfer characteristics of the circuit. (15%)
13. The return ratio of a two-pole amplifier is
100 3
1+ s/10)1+5/9x10%)

Please determine the phase margin. Is this amplifier stable? (15%)

TSy =
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(a) Stark effect
(b) Bohr radius

(c) Selection rule
(d) Uncertainty principle

24w EF(FH fE & A E) b A 13245 A4 — retangular barrier(f M & Vo)
V)= 0, x<Ox>L
) { Vs =<l

E
o mmp
1 2 IV., 3

0 L X

()2 E>Vo 35 & Hrr A B3R ed & $2(6%) & x=0 5 x=L &4 & R4k 1+ 5
157 2(6%)
(b) & i ¥ % barrier a9z % tunneling coefficient T R 4% %
reflection coefficient?(12%)
(COEHBB Btk AN E PAETE FHRAEEFEE E<V.. 158
ITHRRERRT ¥ L AATHEY 4 & o6 7 (6%)

n, =2 n,=4, 0=40°

3. WARAE £ mobility RASBIEF LM —EEZ L3 FA AP 4
SR S £ 5 R 4F 2] MR 89 mobility(10%)
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4. —4%37 & # (Second-Harmonic-Generation, SHG) & JE4 4 ¢ — @ %
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(a) ¥k 800nm #9334z sh & IR - HAESR 2 ik & £2(10%)

(b) 'ﬁu%ﬁaﬂﬁg*éﬁ%%?gfﬁﬁﬁﬁ%ﬁ?txﬁ] % %%Frﬁ SHG ‘Q‘ff?/ﬁ:

B2 K3 )(10%)
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