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1. (15%) Find a real general solution of the following system. Show the details.
y1 = 10y; = 10y, — 4ys
¥z = —~10y3 + 7y, — 14y;
Y3 = —4y1 — 14y, — 2y

2. (15%)Solve the nonhomogeneous linear ODE. Show the details.
y" + 2y + 2y = 4e *sec3x

3. (15%) Given F(s) = £(f), ﬁnd f (t). Show the details of your work. (L is constant)
48 90

S
@ Zs2r1/an? Oi—w © CHV°

4. (20%) Find the Fourier transform of f(x).
e"" ifx<0(k>0)
@ fG) = fex ifx>0

_ e"‘ if—-1<x<0
() fx) = { 0 otherwise

5. (15%) The current in network in picture are obtained from the system

1
R( — i) + 71z =0.
Solve this system, assuming that R = 10Q, L = 20H, C = 0.05F, v =20V, i;(0) =0, i,(0) = 2A.
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6. (20%) The tank in picture contains 80 Ib of sugar dissolved in 500 gal of water. The inflow per
minute is 20 Ib of sugar dissolved in 20 gal of water. The outflow is 20 gal/min of the uniform
mixture. Find the time when the sugar content y(t) in the tank reaches 95% of its limiting value (as

t - o0).
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1. (10%) A square of side w carries a surface charge density ps(x,y, 0) = polxyl, as shown in Fig. 1.
- Please find the electric field intensity above the center of the square E(0,0, z), for z > 0.
2. A point charge Q with mass m is located at distances a# and £, respectively, from two grounded
2

perpendicular conducting half-planes, as shown in Fig. 2, where a = 2 > 1. After releasing the
2+7

charge from rest, please determine, (ignore radiation loss)

(a) (10%) how long will it take for the charge to strike a plane, and |
(b) (10%) the position where the charge will strike.

3. Apoint charge Q is located at a distance £ from a plane interface at z = 0, which separates two semi-
finite dielectric media with dielectric constants €; and €,, as shown in Fig. 3(i). To determine the
electric potential V(x,y, z), the image method could be used, as follows. For z > 0, the potential is
determined by adding an image charge Q' at the symmetrical position, as shown in Fig. 3(ii), and both
Q and Q’-act with dielectric constant €;. For z < 0, it is determined by adding an image charge Q"' at
the position of actual charge Q, as shown in Fig. 3(iii), and both Q and Q" act with dielectric constant
€,. The values of Q' and Q"' must satisfy the boundary conditions at z = 0. Please determine,

(@) (10%) the values of Q' and Q"

(b) (6%) the electric potential V (x, y, z), and

(c) (10%) the polarization-charge density on the interface.

4. (10%) As shown in Fig. 4, a conducting circular loop of radius b is next to an 1nf1mtely long straight
conducting wire, but they are not coplanar. The shortest distances from the wire to the loop center and
the plane where the loop exists are € and £ sin 8, respectively. Please determine the mutual inductance
between the loop and wire.

5. (12%) A uniform plane wave of an angular frequency w is incident from air on a flat perfect conductor
at an angle of incidence 8; with parallel polarization, as shown in Fig. 5. Please find the surface charge
density ps and surface current density J on the conductor, in terms of the magnitude of E;, Ejo.

6. (10%) Beginning with the Maxwell’s equations, please show that the propagation of an
electromagnetic wave in a source-free nonconducting simple medium is transverse. That is, show
that E and H are perpendicular to each other, and both are transverse to the direction of propagation.

7. For a ferromagnetic material,
(a) (4%) Please draw a hysteresis loop and explain hysteresis, and
(b) (8%) define hysteresis loss, incremental permeability, residual flux density and coercive field

intensity in accordance with the hysteresis loop in 7(a).

Fig. 5
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(a) B3R L4 > 40% (b) K2 RATEY » 40% (c) Ik 85 » 60% (d) KREAATH » 60% o

2. (05 2)EFBMETWET R » # 30KV B BB ok » FREFRwikts > 3] 30KeV &
EER  HABUERGRS DO
(2) 1nm (b) 0.5nm (c) 0.02nm (d) 7pm () 0.3pm.

3. (5 MIRMEN T » ARMTHRHBRESHI » HHMT— ARG ELRH? BB
DR (©)— b - " EELRE? @UER

L (5 MRBIHY > $BAABRRTHERT > B4 T HIRALE? @ =0 (1)
) 27

E=mc* (o) p=ﬁ (d) AxApZi
A 2z
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2. (20 %) (&) B F B — » 3% 3 % 48 45 A8 (bound states) & &, (b) 2 sl dE Rt =
%’é R 0 B V(x.y)=-Vo, —-a<x<a and -a<y<a; V(x,y)=0, others » 3 & # MAERRIE TG BT
; [+

V(x)
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6. (10 2-) % 1 3L & 5 e T ot 2 50 6 2 M8 2 ) W e

Constants

Plank’s constant: #=6.63 x 1034 Js
Mass of electron: me=9.109 x 103! kg
1J=6.2415x 108 eV

Speed of light: ¢ =3.0 x 108 m 5!
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1.  (30%)R# PN Junction ## Diode > WA F #|F5E :
(a) #F#8 PN Junction % % & (depletion region)&y s B & PN Junction f£ME % 1&E
(forward bias) & i %116 B (reverse bias)#y3giE4EH - (6%)
(b) %% #2 %2 Zener breakdown #£ avalanche breakdown #y#y = #4] - (6%)
(c) 35 AT Zener diode THAAMNK R TR HEL E (voltage regulator) - (3%)
(d) ## b PN Junction #2 Shocttky-Barrier Diode #4#Fik EEMERER - (6%)
(e) 35#%E photodiode #9346 B = - (3%)
(f) KB 1 4 E% B > PN Junction D1 # Is=5x 10-16A » PN Junction D2 s PN
Junction D1 & junction area tbfl A 1:2 > HibsMimE - Z2EHBETE R YER
%0.5mA> FFEMRRESE S (6%

ImA D,

D =g

E1

2. (I5%)ZKEHB 2 9% » 183% BIT #48 ~o00 > #HE %8 collector & bias EH (5%) ~
emitter FELix (5%) A ’J‘/{gﬁi?é(vol _Uo2)/vi (5%) °

+15V
100kQ 4.3k
Uo2
It I
U; | oC

'—-Uo |

100kQ
6.8kQ

B 2

3. (15%) Bfi» MOSFET - =1 & TF 5| P44 :

(a) 3% & & PMOSFET #= NMOSFET 2 #32 & #3 & E > BELHEA PR AR - (5%)
| (b) s s NMOSFET & #5) » #2245 38 channel modulation effect $A & body effect(5%)s | 7
(c) bl M MOSFET % BIT #Z i £ & i 69 Eiisaay £ £ (5%)
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4. (12)F K —BREFAKRE4 B 3 /T » HH B EHRKIE Bvo vt AR -

R

AN WA AR

Vrd + ?\ +
AN\,

. (18%)et B 4 WA KBy LT3 38(6%) » L4310 2H(6%) AR B3]t (CMRR) (6%). &
18 MOSFET &4 %4 % 41nCoz = 0.2 mA/V’, W1/L; = 100 » Wy/Ly = 110 » EARp = 5kQ
Rp =25 kQ, Iwr=0.8 mA °

VDD
rog
R, ; § Rp
Uni | - + Vo2
Vear + vy o—| Q1 I—O""v(,-‘i\f — Ud
Q,
RSS % Iref
-V
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6.

(10%)F RHE 5 EH FyBIT B L2 HAL > 3FH KM T transfer function (5% A&
3-db 38 Z.(5%) -




