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Question No. 1: Electrical engineering (1/2)
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(1) Fig. 1@ R TRIBOEEBESEZG(s) £T5. ZITelt) IANEE, v () IXHAHEE
THB. EQEV.)IENBLDTTIRAERTHD. a7 M OMMAERIO LT5.
(@) E(s)D BV, (s)~DEZEBEK G(s) RO L.
(b) R,=10,R, =10,C =1 FOBDBMRT v TIHEEERD K.

(2) Fig. 1(b)D X 5 7e8kl (REtEER) TRALZWEMEATIHREREHD. i1, &l
2 OWEMR X OEYBERIZENFENS,, So, L, L, SFLOBREBE u, 24 NVOEEK
#N, aANVIHTEHREIE TS, 2K LL=1,/10,5,=5,/2L%%.

(@) 0 1 BLUERL 2 OBEKER REKY 727 2 R) 23FhThRD, SOHNDOBK
2Pl LTRSEIRBROFEREZRD L. HELRhBHRIIEBHRTEZL735.

(b) SRLDOREALEBIZBZE L, &L 1 L&D 2 ONHOER ¢ BLXUENEFNDORER
BEE By, B,Z N, Sy, Ly, | EAVWTERE., HELBIWERIIERTELT5.

(©) FR)®IZIBNT, KL LTV gL oRLiR % Fig. 1) X 5 IZIERBERIL,
FOMMBERBE LB, & T 5. (1) B1<Bg/2 & (ii) Bs/2<B; DENENIZHONT, gk 1,
&0 2 B LB OREFRMROER 23117,
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Question No. 1: Electrical engineering (2/2)
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(1) The transfer function of the circuit shown in Fig. 1 (a) is G(s). Here, e(t) is the input voltage, v (t) is
the output voltage. E(s) and ¥, (s) are their Laplace transforms. The initial charge of the capacitor is 0.
(a) Find the transfer function G(s) from E(s) to V(s).

(b) Find the unit step response when Ry = 1Q,R, =1Q,andC=1F.

(2) There is a magnetic circuit made of iron core (magnetic material) with different cross-sectional areas, as
shown in Fig. 1(b). The cross-sectional area of the iron core and the average magnetic path length of iron
corel and iron core2 are Sy, S5, I3, and l,, respectively; the permeability of the iron core is j, the
number of coil turns is N, the current flowing into the coil is I. Here I, = [,/10,S, = §,/2.

(a) Find the magnetic resistance (magnetic reluctance) of iron corel and iron core2, and find the equation
of the magnetic circuits when the magnetic flux is ¢. The leakage flux can be ignored.

(b) Assuming the magnetization curve of iron cores is linear, find the flux inside the iron core ¢, and the
flux densities B4, B; of iron corel and iron core2 using N, S1,1;,and I. The leakage flux can be
ignored.

(c) In question (2)(b), the magnetization curve of the iron core is non-linearly approximated as shown in
Fig. 1 (c), and its saturation magnetic flux density is B. For each of (i) By<Bs/2 and (ii) Bg/2<B,,

draw a sketch of the magnetic flux lines in iron corel, iron core2, and the surroundings.
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Question No. 2: Communication engineering (1/2)
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h(t)={1, 0St<TDL %
0, Z Dt
TE2bONB. g)DATEARZ PAG)DEREFig. 21277, UTOMIZEX K.
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Question No. 2: Communication engineering (2/2)
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Consider the sample holding operation in which a band-limited waveform g(t) to —fnax <f <
finax is instantaneously sampled at period T and the sampled value is held to the next sampling point.

The impulse response h(t) of the filter for the sample holding is given by

1, when0<t<T
h(t) = {0, otherwise.

The real part of the frequency spectrum G(f) of g(t) is shown in Fig. 2. Answer the following
questions.

(1) Derive the transfer function H(f) and sketch the outline of |H(f)|.

(2) Let Gs(f) and Gg(f) be the frequency spectra of the sampled waveform gg(t) and the
waveform §g(t) obtained by the sample holding, respectively. Derive Gs(f) and Gg(f) using
G(f).

(3) When g(t) can be completely recovered from gg(t), sketch the outline of |Gs(f)| and derive
the condition that the period T should satisfy.
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Question No. 3: Electronic engineering (1,/2)
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Fig. 3(IZ7Rd n F ¥ XL MOS BRZIFER b F -V X% (n-channel MOSFET) % HV72Y
— REEHIEIRERR &, Fig. 3(b)IZR 7 n-channel MOSFET & p-channel MOSFET % A\ /- 184#
BA = FZERIZOVWT, UTOMIZE X L. ZZ T, n-channel MOSFET 33 X U} p-channel
MOSFET DHEa ¥/ # AL FL—EREZENEN gmn Ton Imp Top & T 5.

(1) Fig. 3@ICTTRIEOHMMESEMEIRE2EXD. ZZTEE v BLUy, ZETLELA
ABIVCHBRFOMMEERMEBEBETH Y, HMAOWFIIBAKLTS.

(a) BUMEBEMEIRE %), 7272 L, n-channel MOSFET D#/IMEBETNVITIX, &R
FRIOHEFREZEE LV Fig. 3R TETFAVEHAVL.

(b) WIMEBBEFIE v,/v; & gmn, Ton RL ERAVTERE.

(€) FL—BHIT Vos B —EBDERMIZIIT 5 dVps/dlps TEEESND. AMFKICE
WT b Ipg 23 Vpg DI HEWELT 2BAHZHAYT L. £/, BUMESEEANB%
WMHBHITIF FL—UBRIIKREVVEREE LY. FL—UBREKELS T3
DDTNA ZEEICETHHFRE B L.

(2) Fig. 3(IRTRIBOB/MESEMEIRE2EXS. ZZTEEvy, BL Uy, ZEHLENRA
NBLUCHMBFOMMEBTRMREBEETH Y, HAMFIIBAKEL T 5.
(a) #/MEESMEEEZHIT. /=75 L, p-channel MOSFET D#/IMEBEFNIZIX, n-
channel MOSFET & FkICE R TFHIOBERTBREZSERVET AV EZA VL.
(b) WMEBSBERNE v,/ % Gmns Ton Imps Top AV TRE.
(c¢) Fig. 3()IZRTHRBRA o —FEEOF K2 —2okR kK.
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Question No. 3: Electronic engineering (2,72)
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Answer the following questions on a common source amplifier circuit with an n-channel metal-oxide-
semiconductor field-effect transistor (n-channel MOSFET) shown in Fig. 3(a), and a complementary
inverter circuit with an n-channel MOSFET and a p-channel MOSFET shown in Fig. 3(b). Here,
Imns Ty Imp and 1pp are the transconductance and drain resistance of the n-channel MOSFET and
the p-channel MOSFET, respectively.

(1) Consider the small-signal equivalent circuit for the circuit shown in Fig. 3(a). Here, v; and v, are
the small-signal alternating voltages at the input and output terminals, respectively, and the output
terminal is open.

(a) Draw the small-signal equivalent circuit. Here, for the small-signal model of the n-channel
MOSFET, use the model without static capacitance between terminals as shown in Fig. 3(c).

(b) Express the small-signal voltage gain v,/v; interms of gyn, 7pn and Rp.

(c) The drain resistance is defined as dVpg/dlps under the condition of constant Vgg. Explain
the reason why Ipg changes on an increase of Vpg even in the saturation region. Also, in
order to increase the small-signal voltage gain, the drain resistance is desired to be large. State
a method to increase the drain resistance in terms of device structures.

(2) Consider the small-signal equivalent circuit for the circuit shown in Fig. 3(b). Here, v; and v, are
the small-signal alternating voltages at the input and output terminals, respectively, and the output
terminal is open.

(a) Draw the small-signal equivalent circuit. Here, for the small-signal model of the p-channel
MOSFET, use the model without static capacitance between terminals as with the n-channel
MOSFET.

(b) Express the small-signal voltage gain v,/v; in terms of gmpn, 7pn, gmp and 7pp.

(c) State an advantage of the complementary circuit shown in Fig. 3(b).
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Question No. 4: Computer science (1,74

2022 £ 2 - 3 A%k
ME4 EtEH#1
(1HEB/74R%)

say 2 CFAYLT, EEHt=1,23,.121 Yy MEBx ZZITEY, 3 ¥y MEFZ, =
(23,422,021, ) AT BIRFEREEZRD. TIZT, X220 224021 € (0,1} TH D, FIEFEIRE
® Mealy BURIEBB R % Fig. 4 IZ7RT. Fig 4 TIX, ANix L WAZNL x,/23,25,2,, TR
&h, BEFEIERORIEILS,, S;, S TRRBREINTEY, MPREBILS, TH5.
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AN FFxgxyXeXsX4X3Xz%, = 10000100349 B HF1RFN252,2c25242,2,Z, % T E.
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Fig. 4 P OIREES IZIRHEME 00, S14201, SIZ 10 ZFNFREIV LTS, REOKEBER
TRIEBMEZyY,y;, KORBERTRBEZY,Y,ET5. 22T, wn % €{0,1} k=1,2)
ThHd. x€{0, 1} ANMER, 232,20 HNEF LT3, 2B, z,€{0,1} (k=1,2,3)T
b5, LENEZINTNEZIREEBEE, BLY, z3,2, 22 FThEhE2 5HAH
¥ & REREORBXTRE.

AIEFEIEL, 2O IK 7Y v 77 v v (JK-FF-1 & JK-FF-2) ZFWTHRTZZ &
#%X25BH. ZIZT, K% JK-FF-1 DAA, Q,,Q,% JK-FF-1 A& L, J,, K, % JK-FF-
2DAS, Q0% IK-FF-2 DAL T3, IK-FF-1 12X W BIG)DY, 2 ERL, JK-FF21iZ
VRGP, ZRRTHLE, LK, L KEZThFThEXHHREBR K7y 77y
T ORERE) ERMENEORENXTTE.

WS OMD2AHANAND F— R 2D K 7V v 7 7u v 70HERWT, KIEFE
ROBEIREEZ#IT.



Question No. 4: Computer science (2,4)
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Question No. 4: Computer science (3,74
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Consider a sequential circuit which receives a 1-bit signal x, as an input, and outputs a 3-bit signal

Z, = (23'tZz‘t21’t) at each time t=1,2,3,.. in synchronization with a clock, where

Xt 23t 22,6, 21, € {0, 1}. The Mealy-type state transition diagram of the sequential circuit is shown in

Fig. 4. In Fig. 4, the input x; and the output Z, are expressed as X;/23:2,:2,;. The states of the

sequential circuit are shown by S5, S;,and Sy in the figure, where Sy is the initial state.

Answer the following questions using *+, =+, and ~ operators for the logical conjunction (AND),

disjunction (OR), and negation (NOT), respectively.

M

(2)
3)

4

&)

Show the output sequence ZgZ,ZzZsZ,Z3Z,Z, corresponding to the input sequence
XgX7XgX5X4X3X2X, = 10000100.

Show the state transition table of the sequential circuit.

In Fig. 4, assign a 2-bit state value 00 to Sy, 01 to S3, and 10 to S,, respectively. Let y,y; and
Y,Y; be the state values representing the current state and the next state, respectively, where yy,
Y, €{0,1} (k=1, 2). Let x € {0,1} and z3z,2; be the input signal and the output signal,
respectively, where z;, € {0,1} (k = 1,2,3). Show the state transition functions for ¥, and Y,
and the output functions for z3,z,, and 2z; using logical equations in the minimum sum-of-
products form.

Consider how to realize the sequential circuit using two JK Flip-Flops, JK-FF-1 and JK-FF-2. Let
J, and K;,and Q; and @, be the inputs and outputs for JK-FF-1, respectively. Let J, and K,
and Q, and @, be the inputs and outputs for JK-FF-2, respectively. Show logical equations
(excitation functions for JK Flip-Flops) in the minimum sum-of-products form which give J;, K;,
J2, and K;, respectively, when ¥; and Y, in question (3) are implemented with JK-FF-1 and JK-
FF-2, respectively.

Draw a circuit diagram for the sequential circuit using only 2-input NAND gates and two JK Flip-

Flops.
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Question No. 5: Computer science 2 (1/2)
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UTomicEX X.
(1) BNFRREIC LB RD 20D G, & G #EX 3.

NEG S:u=b | SaS | SS ik Gy Su=TaU
T:=V|aa
U:u=b|bU
Viu=b|bb

727U, S,T,U,V 3R ETH YD, o b ZRFEETHD, S 2HBESLTS. X
DEGFEODHEBRZHAEL, *oBEAZBRNL.

(a) G1 ZEBBRTH 3.

(b) Gi 7b§$ﬁ2?'%3'6$3'110)¢'§, Gs BERTERVDOHH 3.

(c) Go PRETAEBERL L LT3 %, L #8H T3 BNF LR X3 EFOEE, 3
EU LD IERIBRLE 2 F:o.

(2) {0,1,...,9} ECIMEEET + L RERET « 2Ex 3. 7L, BEOKRD 10 MLk
2BBEIE 10 TH RS, BUTT MEMNR 23, chesnBEHrEETFOMEA
BbeTELNS, FERERRNEYE-F > Fitk (BELE) TREL-D DL T 3.
Mz, BHR 68+ 1% 6 8 OMEX2EKRL, ZOFEDBERIZ 4 THA.

(a) BRR 357+ +2+ 2R Ry 72AVWTHME X. EX7Fy T RBIZZZy 70H
BERE.
(b) EROBHRRZEMRT 2 X% BNF SCEICEDERL, ELVWI L 2HHAR L.



Question No. 5: Computer science 2 (2/2)
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Answer the following questions.

(1)

2)

Consider the following two grammars G; and G2 in BNF:

grammar G;, S:u=b|SaS|SS grammar Go S ::=TaU
T:=V|aa
U:u=b|bU
Vau=b|bb

where S, T, U,V are nonterminal symbols, a, b are terminal symbols, and let S be the start
symbol. For each of the following statements, determine whether the statement is true or
false, and explain the reason.

(a) Gy is ambiguous.
(b) There exists a string such that G generates it but G2 cannot generate it.

(c) Let L be the language described by Go; then, any grammar in BNF which describes
L has at least three nonterminal symbols.

Consider the addition operator + and multiplication operator * on {0,1,...,9}; if the
resulting value of an operation is 10 or greater, take the remainder after dividing it by
10. Hereinafter, an “arithmetic expression” means an evaluable expression described in
Reverse Polish notation (or postfix notation) that is obtained by a combination of the
integers and operators above. For example, the arithmetic expression 6 8 + means the sum
of 6 and 8, whose evaluated value is 4.

(a) Evaluate the arithmetic expression 357 + %2 + using a stack. Show the contents of
the stack in every step.

(b) Construct a grammar in BNF that generates any arithmetic expression, and explain
why it works correctly.



Question No. 6: Advanced Physics (1,72)
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UTFD1ERERT % Vix) POEERE m, =RXNVF— e 0)DRTFEEZS.

Vo (x < 0)
Vix) =40 (0=x<9)
Vo (5 < x)

TIT, V, REDEHTHA.
e<V, DHEAEEZ, BTFOEFREOKSENK &) %

Ae** x<0)
Y(x) =4 Bel** + Ce~** (0 < x <6)
De™%* (65 <x)

L¥5. ZIT, ABCDIERY, (ZBEHEMTHE. b= (RIFT LI ER) LT B,

UToRIcEZ K.

(D)x<0,0<x<6, BLEW §<x DERICBITIEMEELLRVWY 2 LT 4 U -5
XETEE,

QDa BXV k %, meVo,h ZRAVWTERDYE.
() a PEHOMEHIBHREZHAL, Vo= DLE x<0 BLW § <x TOEBIBEKE Y,
@x=0 BLU x=6 IZBWT, EBBEESH-IREBERAEGZEY.

B)a %z, k& s ZRVWTRDE.



Question No. 6: Advanced Physics (2,2)
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Consider a particle of mass m and energy £(> 0) in the following one-dimensional potential V(x),

Vo ((x<0)
Vix) =<0 (0=sx<d)
Vo (5 < x).

Here, V, is a positive constant.
Consider the case that € < V, and let the wave function 1(x) in a stationary state be

Ae* (x <0)
P(x) =4 Bet** + Ce~** (0<x<9)
De~%x (6 <x).

Here, A,B,C, and D are complex constants and i is the imaginary unit. A =2—’:r- (h: Planck’s

constant). Answer the following questions.

(1) Write down the time-independent Schrédinger equations in the regions of x < 0,0 < x < §, and
§<x.

(2) Obtain @ and k interms of m,¢,Vy, and A.

(3) Explain the physical meaning of @ and write down the wave functionin x <0 and § <x when

V0=m.

(4) Write down the boundary conditions of the wave functionat x =0 and x = .

(5) Obtain a interms of k and 4.



