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2. The inverse Laplace transform of the function 23S_137 is e4*(3cosBt — 7sinBt), where
§°+2s5+401 -
(A) A=-1, B=-20, (B) A=-1, B=20, (C) A=1, B=-20, (D) A=1, B=20, (E) A=2, B=30. ~
3. A genefal solution for the equation y'"''—6y"'+11y'—6y =3x is ae* + be?* + ce’* + % - % ,

where (A) A=3, B=2,(B) A=3, B=-2, (C) A=3, B=3, (D) A=3, B=-2, (E) none of the above.

4. Evaluate the volume of the tetrahedron defined by four vertices (1 0,-1), (3 0,2), (1,6 1),
(4,3,-1).
(A) 66, (B) 33, (C) 22 (D) 11,.(E) none of the above

5. The Fourier transform of the function f(x) = xe* does not include
(A) 2,(B)4,(C)6, (D)o, ().

6. Find the smallest positive integers m and n such that,.(\/_B_- + i).m = (1+ i)™, where -
(A) 1n=3, n=6, (B) m=6, n=12, (C) m=9, n=18, (D) m=12, n=24, (E) none of the above.

7. Integrate § t?nzl dz counterclockwise around the.C: ]z}z% The integral is
Z —_—

(A) 2z, (B) 27i, (C) 2w tan 1, (D) 2ni tan 1, (E) none of the above.

8. Find gﬁc (x? + 29)dx + (4x + y*)dy where C is the circle x% + y2 = 1.
(A) 27, (B) -2m, (C) 6m, (D) -6, (E)none of the above.

. . 1
9. The residue of the complex function f(z) = (z + 2)ez at z=0 is
(&) 112,(B) 1, (€) 312, (D) 2, (B) 5/2.

10. Fmd the analytic func‘uon f(z) = u(x y) + [ v(x y) where v(x y) = e 3*sin 3y
(A)—e~3%  (B) e~32, (C) —e®%, (D) €3, (E) none of the above.
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. An electromagnetic wave E, is incident at the interface of two mediums with permittivities ; and &5,
as shown in Fig. 1. The angle of the incident wave in medium 1 is 01. Please find the direction and

magnitude of the refractive wave E, . Consider now if g, = ey, + 7 &2i, what will happen to E, ? (15%)

. Please draw the equipotentials and electric field lines of two oppositely charged (+Q, -q) spheres with
a separation distance d. (10%) '

- Please find the potential distribution in the space between the conductors of a very long coaxial cable,

- as shown in Fig, 2. The inner conductor has a radius a and is kept at a constant potential V. The outer
conductor has an inner radius b and in grounded. (10%) _ _

. Consider the charge distribution of a metal-oxide:semiconductor system under a specific bias

condition, as shown in Fig. 3. Q; is the total positive charge at the metal-oxide interface, Qnis|
negative charge due to accumulation of electron at the oxide-semiconductor interface, and Qu is the|

Idepletion charge caused by the field at the metal. Qn can be considered as a two dimensional electron
gas. Please draw the electric field and potential distribution of this system for x > 0. (15%)

Fig.3 "Q=Q+Qq

Semiconductor

x=0 t

. Consider now a metal bar which is sliding with a constant velocity v 4, over a pair of metal railsin a -

uniform magnetic field B4,, as shown in Fig. 4. Please determine the open circuit voltage between
~ terminals 1 and 2. If now frictions take place at both the metal rails causing the metal bar to
deaccelerate with a constant acceleration velocity -aq, . Please find the open circuit voltage as a

function of time. (15%) '

. Please find the magnetic field at point P beside a section of cable (from x = a to b) carrying a current
I, as shown in Fig. 5. (10%) :

a
Fig. 4 /p ’ % Fic. 5
& g Tl ® P (x,y,)
28 © @ | ]
d & :eb

IE @ @ l t /I\ 7 :ea : R
> ' > d,
1) Xx=a 1 b

- A5 GHz plane wave travels in free space with an electric field Ey = 10 V/om. Please find the phase
velocity, wavelength, and propagation constant. What is its magnetic field intensity? g, = 8.854x101
F/m and po =4nx107 H/m. (10%) |

. Please find the potential distribution and electric field in the space above the conducting plane of]
infinite extent. Note that a point charge Q is positioned at a distance h above the conducting plane.
Please also draw equipotentials and electric field lines above the conducting plane. (15%)
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1.

(o) #t =48 (light emitting diode)#24% % 2 (photodiode) ¥ & &7 PN diode ATEH » HHA LR

(30%) B#* Semiconductor #2 PN diode » 3£ & X F ) B 58 :

(a) FR9AE f & JE(Hall effect) > M&&aﬂ;’p]ﬁﬁ Pk JE ¥ '“EFH“%-‘E’*##H% Pl N - (4%)

(b) 38 —#% PN diode #1 Zener diode s 45 £ & » £ F R E 4k Zener diode 85 » K ip3E
A8 — % PN diode & 47K F] = (6%) ,

(c) 3 AA Zener breakdown Fo Avalanche breakdown £ #73E# % L es £ & - (6%)

(d) 388 & 47 Zener diode T 2 Fl A 3 — & /B 98 % % (voltage regulator) - (6%)

=

MEAMHHEE - (8%)

(14%) B# MOSFET > # & X F 7| K& :
(a) 3% & PMOSFET #» NMOSFET# A E L LB R E B E AL LB T E » B%

B RE R e KRB P REIR - (4%) :

(b) 3388 % 47 NMOSFET 48 7 PMOSFET B4 & # /] BLif & Hx 6045 B « (4%)

) HAEREATHRI—EMOSEARE  UEALAABGRER TR R i 2 &
¥ lo A F 0 AT B E S E 3 R E ¥ U (channel length modulation effect) A

ERGBE o (6%)

(12%) B 1 8~ — 182 5% MOSFET KA S » E¥HABRViIEH—EXERHELE M
RIBOEHERLERS —KAELBEGEEREMRL - BBLELBE Vi=15V > ky (%) =
025mA/V? > Va=50V BEf6EREHR > EERBETIRALEL  $4MLBAAEL
R EOINE 3R E B 3 3 (small-signal voltage gain) 24 & # A\ B, FA.(input resistance) °

+15V

Rp=10kQ

B 1

[HEHA
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6. (10%) 4 H— T RMWHABZZTHE - FBEB=100 FRETHTER E -

Vee=+10V

Re=3kQ

Ras =100k0
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L. For each question find one correct answer from five possible choices:
1. (2 points) The phenomenon of the emission, or ejection, of electrons from the surface of a metal in

response to incident light is known as
(a) photon-electron collision effect, (b) photon-induced-current effect, (c) photo-electric effect,

(d) light-induced-conducting effect, (e) light-electric-coupling effect.

2. | (3 points) The energy that can be obtained from complete annihilation (R2E%) of 1 gofmassis
(2) 0, (b)0.001J, (c)10"17, (d) 3x 1027, (&) 9x 1027,

3. (3 points) Ifthe energy produced from complete annihilation of 1 g of mass (c.f, question 1) is
completely convert to photon, the wavelength of the light can be '
(@) 22x10¥m, (b) 22x10%m, (c) 2.2 x 10 m,
(d) 2.2x 102 m, (e) 22x 107 m.

4. (2 points) In his scattering experiment, Rutherford and his colleagues used a beam of a-particle that
composes of

(a) one electron, (b) one electron and one proton,

(¢) one proton and one neutron, (d) two protons and one neutron,

(e) two protons and two neutrons.

5. (5 points) If arod of length L travels, in the sky, with a speed u = 0.8¢ along its length, its length as

observed by a man on the ground, will be
(@) 0.4Ly, (b)0.6Lo, (c)0.8Ly, (d) Lo, (e)1.2L.

6. (5 points) At 0K, the Fermi energy of silver (Ag) is 5.54 eV. The Fermi temperature of silver is
(@ 65000K, (b)5000°C, (c)0K, (d)100°C, (e)0 °C.

7. (5 points) The mean life-time of muons is 2.4 x 10 s when they decay at rest. When a beam of
muons travels with a speed of u = 0.8c, their mean life-time as observed in the laboratory is found to

be
(@) 2.0 x10°s, () 2.5 x 10 s, (¢) 3.0 x 10 s, (d) 4.0 x 105, (€) 5.0 x 10 s.

8. (5 points) For hydrogen atom at very high energy level, i.e., the principle quantum number n is very
large, the gap between the neighboring energy levels is proportional to '

@O0 © = @ —, @ .
n n n

9. (5 points) The ground state electron configuration of sodium (Na: Z=11) is
(@) 1s, (b) 157257 2p° 3s, () 152257 2p°, (d) 1s5%2s% 2p° 3¢%,
(e) 1s%2s% 2p° 3s%3p.

10. (5 points) Point out which one of following transitions is forbidden.
(@ 2p—>1s, (b)3s—>2p, (c)2s—> ls, (d)3p—> 1s, (&) 3p— 2s.

ERAEE




Biv LRS00 F5EALEAL T A LR AA

FHE 25 HRWE [HEFALIES] T3k : 435003
SR BRI ERE T, RS (B~ AN GRER) £3EE2E

II When potassium, which has a work function ¢ = 2.0 eV, is exposed to a beam of light of wavelength A
=400 nm, the electrons are found to emit from the metal.

11. (5 points) The photons in the light beam have an energy

(@) 3.1eV, (b)4.0eV, (c) 52¢eV, (d) 6¢eV, (e) 8eV;

12. (5 points) The velocity of the electrons emitted can be

(2)400 nm/s, (b) 800 nm/s, (c) 5.5 x 10° m/s, (d) 6.22 x 10° m/s, (e) 8.0 x 10° m/s;

13. (10 points) The electrons have a wavelength
(a) 400 nm, (b) 800 nm, (c) 1.17 nm, (d) 0.5 nm, (¢) 0.25 nm.

III. For the velocity distribution of gas molecules of mass m at temperature 7 is

N (u)du = 47N (L) GXP(— i Juzdu | (1)

14. (10 points) The average speed of gas molecule <u> is
kT " 8kT " 8kT\"? 4kT\" 2T
(a) (_J , (b) (*j . (©) (—j , (d) (——j , (€) (—*j ,
m 3mm m m m

15. (10 points) The equation (1) is known as Maxwellian distribution, in which the most probable speed
of the gas molecules is u, = (2kT/m)""*. For Maxwellian distribution, the root mean square of speed is

written as <u2>”2 . So the relation of the three speeds is
(a) <u2> <u,’ < <u>2, (b) <u2> =u,’ < <u>2 ,

© u," <)<, @ u,”<(u)=(u),

@ u,’ < <u>2 < <u2>.

IV - A particle at ground state is described by the wave function

3 272
2
‘//(P) = -;[\/g(—h—j /[p2 + (—FLJ } , where % is Plank constant, p is the momentum of the particle

0 a,

and ag is a constant.

16. (5 points) The momentum distribution £ {z)}dp can be given by
5

v (Y

(7 n
ﬂ kao} dp, (b) ig_ kaoj dp

] ]

(a) -
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&) &)
© — = pdp, (@ S (),

2
(& — 2L _4mpd
6]
Pt —
a,

17. (5 points) The most probable magm'tude of the momentum of the particle is.
, (e |
( ) , (B @ (©) & d ) ( )

18. (10 points) The expectation value of momentum ( p> is

@ ﬂgh D s s . L W R

a, 7 a, 3ra, * 7a, Sz a,

Constant and special functions

- [Plank’s constant: £ =6.63 x 10°* Js

Mass of electron: m.=9.109 x 10! kg
1J/=6.2415x 10" eV

Boltzmann constant: £=1.38 x 102 JK™!
Avogaderlor constant: N, = 6.022 x 10% mol!
Ground energy of hydrogen : -13.6 eV
Charge of electron: 1.602 x 107%° C

Speed of light: ¢ =3.0 x 10® m s™

< 2
. n_—ax
Values of the integral L= ,[ x"e™ dx
0
n I
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