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1. Solve xy’ =y + xy” (10%)
2. Determine general solution to y™’- y* ~ 8y’ + 12y = 7e* (15%)

3. (A) Show that f e*"dx:-ﬁj—;’i (10%) (B) Show that r[-;-]= VT (5%)

5 2
4. Diagonalizes A,A= |3 6 (15%)
6 6

O W N

5. Find the point (x, y, z) on the given plane x — y + 2z = 4, that is close to the point
A(2, 0, -1), and the shortest distance. (15%)

6. Compute the line integral _LF‘ (r)-df, where F(r)=3»*7 —x°J

C is a straight-line segment from (0,0} to (1,2). (15%)

2
7. Solve the partial differential equation: —aé“? = ‘zx—’j L0<x<m,t>0,

LC. u(x, 0) =x and B.C. %(o, = %(7:, =0 (15%)
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1. 3FR AT L 473 Maxwell’ s equation » (9%)
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Answer the following questions:

1. A Si layer with a donor and an acceptor concentration of 10'% cm™ and §x10%

em” is used as a conducting line on an IC. Assuming the two different types of
dopants of are fully ionized. What is the conductivity of this sample? The
intrinsic carrier density, the mobility of electron and the mobility of hole of the

layer are 1.45x10"° em™, 1500 cm®V'sec and 450 cm¥/V'sec. (10%)

2. Please draw the charge density, electric field intensity, and electrostatic potesntial
for electrons in the depletion region of a pn junction. (10%)

3. For the given circuit, please find the output v, as a function of input v;. What is
the breakpoint of this circuit? The cut-in voltage and forward resistance of the
diode is 0.6 V and 10 Q. (10%)

Vig

10V |-

t

16 ms
4. Please draw the physic structures of an IC pnp bipolar transistor and an

p-channel MOSFET including substrate, isolation island and contacts. (10%)

5.  The characteristics of 2 MOSFET are given in the following figure, Please draw
the output waveform of the circuit. (15%)
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6.  Please find the output v, when v, = 5 sin 10°% R =1k Qand C = 2 nF. (10%)

c
R F—

Vs

Ly Vg
—

7. The return ratio of a three-pole amplifier is

TO
(U Ho )+ Ho )+ )

What is the phase margin for 7, = 10*? (15%)

T(s)

8.  Please draw the equivalent circuit without feedback of the following Series-shunt
feed-back pair. What is the B of this circuit? (20%)
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1. Incident photons strike a sodium surface having a work function E,=2.2¢V
causing photoelectric emission. When a stopping potential ¥, = 5.0 V is imposed,
there is no photocurrent. What is the wavelength of the incident photons? (10
points)

2. An atom absorbs a photon having a wavelength of 375nm and immediately emits
another photon having a wavelength of 580nm. How much energy (in eV) was
absorbed by the atom in this process? (10 points)

3. Solar radiation falls on the earth at a rate of 2.0 cal/em*min. How many
photons/cm® -min is this, assuming an average wavelength of 550nm? (10
points)

4. A mass spring system has a mass m = 1.0kg. The spring constant of the system is k&
= 20 N/m. The system oscillating with an amplitude of Smm. (a) what is the
quantum number # of the system? (b) If # changes by 1 unit, what fractional
change in energy occurs? (20 points)

5. The rest energy of a particle is 620MeV. (a) What is the rest mass of the particle?
(b) If the particle is accelerated to 0.75-c (¢ = 3 x 10°ms™ is light speed), what is
the Einsteinian kinetic energy of the particle? (¢) If the accuracy of the
experimental system for the speed measurement is 0.010%, with what
fundamental accuracy can we locat the position of the particle? (30 points)

6. The wave function for the description of an eleciron in the ground state in an atom
is given as

where a is a constant. {a) Show that the probability P, that the electron lies within
a sphere of radius #, is given by

’ 2
P =1-—e'%[2L2+£+1].
a aq

(b) What can you expect if 7, — 0?7 (20 points)

Useful Constants

1eV = 1.602x107'°]

h=6.626x10"].s

1 electronic charge e = 1.602 x 10" coulomb
1cal = 4.187




