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1. (15%) Please solve for y = y(x) .

(a) (05%) xy'=3y =0
(b) (05%) y' =4y +4y=0
(c) (05%) y" + =y~ Sy =0
(15%) Find the integration factor and solution of the ODE equation
(x>~ 4y)dx —xdy =0
3. (10%) Solve ODE solutionof y"—4yp'+ 3y =sin2x

(10%) Laplace equation:

(a) (05%) If f(f) =cos(2t+0)), 20, please find L[ £(1)]

1

(b) (05%) F(S):m,pleaseﬂnd L'F(S)] -

5. (15%) A transform T(x) = [2] : [_ﬂ, where X = [;C;] € R? and - denotes the inner
product.
(a) (10%) Prove T(x) islinear.
(b) (05%) If T(x) = AX, find the matrix A.
x
6. (15%) Let W = {[y} inR%:x+2y—z= O}.
z
(a) (10%) Prove that W is a subspace of RS3.

(b) (05%) Find the orthogonal complement of W, denoted as W+.

7. (20%) A linear transformation T(x) = Ax, where

-1 -1 1
A= 0 -2 1
0 0 -1

(a) (08%) Find the eigenvalues of A.
(b) (08%) Suppose V = {vy,v,,v5} formsthe eigenbasis for A, find V.
(c) (04%) Find the transformation matrix of T(x) when using V from (b) as the basis.
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1. Beginning with ¥p,on =800mV for each diode, calculate the change in Vout if Jin changes from 2.0
mA to 2.1 mA in the circuit of Fig. P1 (a), (b), (c). (the thermal voltage, V1= 26mV)

vl

D 1 Vout D 1 Vout Dl VOU’E
D—e—o0
%
Iin Ri=1kQ I Ri=1kQ
mn D2
@ AVour=?(5 93) (b) AVout= 7 (5 77) (c) AVou=7(557)
Fig. P1

2. Determine the voltage gain of the stages shown in Fig. P2 (a), (b), (c).
(8) (5 47) find the voltage gain, vout/ vin (Assume A = 0).
(b) (10 3) find the voltage gain, vout/ vin (Assume A # 0).
(¢) (10 72) find the voltage gain, vout/ vin (Assume A # 0).
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(a) (b) (©)
Fig. P2

3. (10 51)Suppose the bipolar transistor in Fig. P3 exhibits the following hypothetical characteristic:

BE
I = Ilexp ——
c = Isexp A Vee
and no Early effect. Compute the voltage gain for a bias current of 1 mA. Re<21kQ
(the thermal voltage, Vr=26mV)
vln vﬂl.lt
O,

Fig.P3
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4. A closed-loop block diagram is shown in Fig. P4.
(a) (10 43) Derive the transfer function of the loop (Vout / Vin).
(b) (10 43) If Ay is 80 dB and Kr= 0.5, what is the total loop gain of this closed loop?

Fig. P4

5. Tt is known that the common source circuit shown in Fig. P5 has been working in the linear
amplification region. (Assume: Vpp =10V, Rp = 10 kQ, Rs =100 Q, Cgs = 10 pF, Cop =2 pF,
Cp =5 pF, and gm1 = 1 mA/V, M without channel length modulation effect)

(a) (10 4Y) Draw the small signal model of this circuit.
(b) (10 57) Find the pole frequency at vin.

(¢) (10 43) Find the pole frequency at vout.
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1. (10 pt.) Add the following bit patterns. Leave your results in binary form.
(a) 2pt) 1011 + 0001

(b) (2 pt.) 0000 + 1010
() 2pt)1100 + 0011
(d) 2pt)0101 + 0110
(e)2pt) 1111 + 0001

2. (10 pt.) Convert the following unsigned binary numbers to hexadecimal.
(a) (2.5 pt.) 1101 0001 1010 1111

(b) (2.5 pt.)001 1111

() (2.5pt) 1

(d) (2.5 pt) 1110 1101 1011 0010

3. (10 pt.) A symbol of 2-to-1 mux is listed below. Please draw the gate-level circuit of 2-to-1 mux.

2x1

MUX Out

4. (20 pt.) Complete the timing diagram of the following circuit:

Please draw the waveform of the output f.
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5. (10 pt.) Assume that the scheduling of a processor is shown in the following table. There are three
procedures to be done. Priority Scheduling (PS) scheme for procedure arrangements has been adopted.
The priority of procedure P2 is the highest, followed by procedure P3. The lowest priority is the
procedure P2. The execution time of the procedures 1-3 are 7, 5, and 4 milliseconds (ms), respectively.

What is the average waiting time for a processor?

Procedures Orders of Priority Execution time(ms)
P1 3 7
P2 1 5
P3 2 4

6. (10 pt.) According to the IEEE 754 single-precision number representation, the binary value is
110000100010101010000000000000002). What is the decimal value?

7. (20 pt.) Emile and William are important company developers. Every time they send a message,
they use the Diffie-Hellman (DH) algorithm to generate a set of keys, which will be XOR-encrypted
with the message before sending it to each other. Even if others see it, they cannot get the content of
the message. According to the DH algorithm, Emile and William selected two public numbers g=5
and p=3, and each selected two numbers a=2 and b=3, which are known only to each other. After
calculating the key, the ciphertext sent is 0x00¢16), 0x00(16), 0x03(16), 06(16). What should the plantext
(decoded text) be?

8. (10 pt.) Computers and microprocessors usually contain
1.DDRS main memory,
2. Register register,
3. Cache
4.SSD high-speed hard disk,

Please arrange from fastest to slowest.
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1.

10.

BAEST 43
(a) i@ F ;T (excess carriers) (5%)
(b) % # R, -F(majority carrier) (5%)

B RETE
(a) PEAET oY f B30 8A B 4 AR T (direct

bandgap)-f 3 ## 1 ) 3 4E 4 (indirect 710 (cm3)
bandgap) ¥ S 42 e5 £ B - (6%) 10

(b) B Lo — 4638 A B L 0 A 7 . ////
AR 2 (4%) ] - _

133% ’iﬁﬁ&#ﬁ{%% ’ ;}%%T /)ﬂ%\fj“‘:% 5 % 1014 oHE .
em? #95H(P) - BTk - ¥ BT TREME

13 L
BENSLEAAE « BRATTREAL O
B £ 3o Bl 6 B AEAB S - (10%) oL
RS (drif) S (diffusion) & #4742 4 48 [ - _—

L 1 |
C100 200 300 400 500 600 700

) AR o F I AR - (10%) T(K)

TBRHF — R EEE & T=300K Bibsk >

5 i (acceptor) iR AL A Na = 10" em™ ~ 76 #% (donor)ifk £ & Na=9 x 1015 om™ « {5354 % 4 T
(intrinsic carrier)ikR £ & ni=1.5x 10" em? « 3 E 8P4 2 FiLE 0157 B - (10%)
FEH-PNEG > R PERETZASE » 4 8 E %R T 4(Ec) ~ 18 & L4 (Ev) ~ &
&R B (B & K A1 (EF) « (15%)
%L’%gﬁmME@ﬁE@mmﬂmw%%T’RN%@Z%%E’ﬁ%%%ﬁ?%ﬁ%
FZmEHE o (10%)

SEILIIFTIR & ok A (&K A5 € B © (5%)

% N2 S8 d— & ] A s # 4% .48 A5 (Schottky contact) » 353 4 T 47k AE T 2 45 2
 BE G BERT &(E)  BRREGE)LE K P (Er) - (10%)

%%m%i%%ﬁ%%%mmﬂwnzﬁﬁﬁﬁ’ﬁﬁﬁm%%@ﬁ\mﬁ\&ﬁﬁ%ﬁc
(10%)
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Useful physical constants: &, (F/m); g, =47 %107 (H/m)

36x
0H oH oH
ViHy =2 Py ) Mo O, (L0 O,
p 0¢ Oz 0z op plop kY,
Vo Hogne =; i( ¢sm9)_ Gt a, 2 ;__GH, —i(ngf) a, +2 i(ng)_ o, a,
rsing| 06 o r|sing o4 or r|or o0

1. 55R N8 4 {E Maxwell’s equations HIASYFELFESTEE > G HFE =3 -
(12 57)

2. BWEELEBIR » HEIFR A4 A5 > BRI AL ; B FFSEHE
5y BIEHHE Ry A Bk 24-nC B2 B 2k 96-nC  HUHERI(E A - B SIHIF— 04 E
BB —ID - SRS BRI E DRI E R BB 2 (8 4))

3. A HRHPARES - WIRINEEAIZ R Vo o 18IS d - RIS EERANEE
Bk &, (RFFEEES - EEBARNSBRNEENATSENEEEHE
BRI oy SURIERTE 0, - BIHISESE D B - P == B
%7\ (Constitutive relation) » WG E3lk V)~ d~ e, ERFEAES 0/~ gbe (15 53

4 H—IERRE - Py = 2em  NBE1Zen=25p>2cm> HEE 2
& = 4 EREFEAEEEEAHBHES > AEFEZNEE 1§
Ei=4a,+6a,+9a,; KIEFENEE 2 {7 By (5 4Y)

i

i

5. A—-EMEESE L PHSEIETR o SNEE —AMESEE - 21T
R p2 > PRIERASEG N SEANEN B R e, = 40 - BEEg= 107
S/m - ZEILFEEE TSI —EAE V) o SRS E B e > WA
W BEMAEZ T P« (10 53)
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6. E&IEIT(0, 0, HAIBINEES R H=5a,(A/m) » FERIFE (0,0,-h) IEAVHES
e Y (BEBEREAN J7R - Bfi)  1557)

Z

H=5a,

a

X

7. [RERTES R H=(zsing) a, — (p%) a, (A/m) » FHETEE (4 m, 0°,4m) (IERYE
FEE I (2047)

8. (B —REMEAE 2 HEEER Zu=49 > MHGESEE B=0.02T - 3551 EUT=
{E{E © (BETHYEFRT - BR B BELHEA)
(1) FEEMEER us (5 77)
(2) HEEWE H (5 97)
(3) F{LERFE M (magnetization » FEHHMEIEE) ° (5 47)



