Question No. 1: Electrical engineering (1,3)

2019 &£ 3 A=
ME1 BRI
(1 BB /3 EH)

(1) Fig. 1(@)? X 5 2HIZRZ2E 2 5. BARIZBWVT, 10, e@), yOIXZTL TN BEE, RE,
FIEHELZRT. ROMICEZ XK. 2720, KIIEH K>0) TH5.
(@) BIEE n(07 5 HEHE O~ OEERK GoEB LD, Go)ZRD L.
(b) BRNV—T{RZEREE Go(s) &R L.
(© RBMO®GZERNT, ERZEAEERoZRD L.
(@) RO ERBME)EAWT, —oo< g <o D& T A 3 2 MEROEIER 2 # 17 .
) MDD ERZRVTHIERNREZETHD K OEOFKEZ KD L.
B FTATANE Y OREAFIEE B TH)E) TRDT K DEOKE & D L.

(2) Fig. 1b)D X 5 el R 2 E 2 5. RIRKIZBWT, 10, e@), yOIZFNFN BEE, RE,
FIEEZRT. ROMIZEZ L. ZFEL, KITEH K>0) TH?
(a) T4 FRMRREZTYE. 72771, —o<p <o, K=05 ¢T3, £, ZOHIEIR
RETHDINE I DEHHAE L.
(b) HIERNZETH S K DFEFHZ 1 A NOEZEHFIETRD L.



Question No. 1: Electrical engineering (2,3)

2019 &£ 3 A=EnE
FE1 BRIF
(2HEB 73 EBH)

(1) Consider the control system shown in Fig. 1(a), where r(¢), e(f), and y(¢) denote the reference input,
error, and controlled variable, respectively. Answer the following questions. Here, K is a constant
(K>0).

(a) Consider the transfer function G(s) from the reference input 7(¢) to the controlled variable y(z).
Find the transfer function G(s).

(b) Derive the open-loop transfer function Go(s).

(c) Find the phase crossover frequency @, using question (1)(b).

(d) Ilustrate the Nyquist diagram in the range of —o°< @ <o using questions (1)(b) and (1)(c).

(e) Find the range of K so that the control system is stable using question (1)(d).

(f) Confirm the range of K derived in question (1)(e) using the Routh—Hurwitz stability criterion.

(2) Consider the control system shown in Fig. 1(b), where #(¢), e(¢), and y(¢) denote the reference input,
error, and controlled variable, respectively. Answer the following questions. Here, K is a constant
(K>0).

(a) Illustrate the Nyquist diagram. Let —co< @ <o, and K = 0.5. Explain whether this control
system is stable or not.

(b) Find the range of K so that the control system is stable using the Nyquist stability criterion.



Question No. 1: Electrical engineering (3,3)

2019 &£ 3 BEHE
1 BRIFE

(3EB. 3 EH)
0 s e [ ¥
— 1 s(s2s+9) ] ]
Fig. 1(a)
M0 g e [ 1 50
_ s — 1




Question No. 2: Communication engineering (1,72)
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2019 £ 3 ATt
M2 B‘EIF
(2EH72EH™%)

Consider an angle modulation wave
g(t) = A cos{0(0)},
generated by a modulation signal s(f) and a carrier wave A, cos(2zf.f), where |s(t)] <1. The

maximum frequency f; of s(¢) satisfies 0 < f, < f.. Answer the following questions.

(1) The carrier wave is phase-modulated, where the maximum phase deviation is 40 (0 < 40 < 1).
(a) Find the phase-modulated waveform gp (7).
(b) Let s(f) =sin(2zf¢). Find the Fourier transform of gp,,(f) and sketch its amplitude
spectrum.
(2) The carrier wave is frequency-modulated, where the maximum frequency deviation is 4 f
O < Af < f.).
(a) Find the instantaneous frequency f;(f) and derive the frequency-modulated waveform
grm (D).
(b) Explain the principle of demodulating the frequency-modulated waveform by differentiation

using the expression for gp,,(?).
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Answer the following questions on an RC-coupled amplifier circuit using an n-channel MOS field-
effect transistor as shown in Fig. 3(a). Here, the voltages vi and v, are the small-signal alternating
voltages at the input and output terminals, respectively, and the output terminals are open. Figs. 3(b) and
3(c) are the small-signal equivalent circuits of the transistor in the low and middle frequency ranges and
the high frequency range, respectively. Here, gm, b, and vgs are the transconductance, the drain
resistance, and the gate-to-source voltage of the transistor, respectively. Cgs, Cop, and Cps are the gate-
to-source capacitance, the gate-to-drain capacitance, and the drain-to-source capacitance of the transistor,

respectively.

(1) In the middle frequency range, the reactance of the bypass capacitor Cs is small enough to be ignored

(i ~ 0). Derive the voltage gain Ko (= vo/vi). Here, use the small-signal equivalent circuit of
S

transistor shown in Fig. 3(b).

(2) In the low frequency range, it is necessary to consider the effect of the bypass capacitor Cs. The
voltage gain K1 (= vo/vi) is expressed as Eq. (3A). Derive the angular frequencies w; and w, inEq.
(3A). Here, Ky is the voltage gain in the middle frequency range. Use the small-signal equivalent

circuit of transistor shown in Fig. 3(b). Assume that rp/Rr. >> 1 and gmip >> 1.

KL=KO-1 - (3A)

(3) In the high frequency range, the voltage gain Ku (= vo/vi) is expressed as Eq. (3B). Derive the angular
frequency ws; in Eq. (3B). Here, K is the voltage gain in the middle frequency range. Use the small-
signal equivalent circuit of transistor shown in Fig. 3(c). Ignore the effect of the current from the

input port to the output port through Cgp, because the reactance of Cop is large enough compared to

1
, W '
1+j-—
g

(3B)

(4) Sketch the frequency characteristic of the amplitude of the voltage gain for the RC-coupled amplifier

circuit shown in Fig. 3(a).
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Question No. 4: Computer science 1 (1,72)
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Consider a sequential multiplying circuit shown in Fig. 4 (a). The circuit is composed of a full adder
(the solid line square) and four circuit blocks B1, By, Bs, and By (the broken line squares), and outputs a
multiplication result Z for two inputs X and Y. Suppose that a carry value sequence C is generated in the
multiplication. Let X, Y, Z, and C be non-negative binary integers respectively of 3 bits, 2 bits, 5 bits,
and 3 bits, where X' = (x2 x1 x0 )2, Y= (V1 y0)2, Z= (24 23 22 21 20 )2, and C = (cz ¢1 ¢o )2. Fig. 4 (b) shows 1-
bit signals p, ¢, u, v, and s which are input and output at each time z =0, 1, 2, -+ in synchronization
with a clock. Answer the following questions. Here, operators for the logical conjunction (AND),

disjunction (OR), and negation (NOT) should be shown by +, +, and , respectively.



Question No. 4: Computer science 1 (2,72)
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(1) (a) Show the truth table (combinational table) for the three inputs (i1, i>, and i3) and two outputs
(s and u) of the full adder.
(b) Show a logical formula for each of the two outputs (s and ) in the minimum sum-of-products
form.
(c) Draw a circuit diagram for the full adder by using only NAND gates. Here, NAND gates may
have three or more inputs.
(2) Show a logical formula for each of the bits zo, z1, 22, z3, and z4 of Z by using xo, x1, X2, Yo, V1, Co, C1,
and c».
(3) Choose an appropriate name from the following for each of the four circuit blocks B, B,, B3, and
B4 in Fig. 4 (a):
{ AND gate, OR gate, NOT gate, NAND gate, NOR gate, D flip-flop, Shift register, Multiplexer }
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Question No. 5: Computer science 2 (1/3)
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Question No. 5: Computer science 2 (2/3)
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Let Z be the set of integers. Consider the grammar G such that the set of its terminal symbols
is ¥ = ZU{+,*,(,)}, the set of its non-terminal symbols is {A, M, P}, its start symbol is A,
and its production rules are the following:

A—-M, A—-A+M, M—-P, M—-Mx*P, P—n, P—(A)

where n € Z. We write £(G) for the language generated by G. L(G) is regarded as the set
of expressions of additions and multiplications on integers. Namely, + and * denote addition
and multiplication, respectively, and the syntax tree of each expression denotes the order of the
calculation.

Let us write a program that inputs an expression in G and calculates its value in the following
procedural programming language

I == PusH, | Pop | Swap; | IF[X---X][I] | INpuT | ADD | MUL | Loopr | I;I

where o is a symbol, X is a set of symbols, and ¢ is a positive integer. We write « for the singleton
set {a}. The interpreter of this language has a single stack. The stack initially consists only of
a single symbol $. The interpreter is given as its input a finite sequence of symbols in ¥. When
the program terminates, if the stack is not empty, the interpreter outputs the topmost symbol
of the stack. The semantics of each syntax is shown in Fig 5. For example, the program

INPUT; IF[X][ADD; LooOP]; IF[$ Z $][SWAP,]

outputs the sum of the input if the input consists only of integers, or $ otherwise. When the
program is executed with the input 234 given, the stack changes as follows:

$ INPUT\ AbpD INpPUT INPUT ADD\ INPUT SWAPz\

$2 $2 $23 AP0 o5 $54 $9 y$98 , $$9

and consequently the output is 9.
Answer the following questions.

(1) Give a derivation sequence from A to 1* (2+3) in G.

(2) Give the output of the following program when 123 +4 + * is given as its input.

INPUT; IF[+][POP; ADD|; IF[*][PopP; MUL]; IF[X][LooP]; IF[$ Z $][POP]

(3) Let G’ be the grammar obtained by eliminating the two production rules M — M * P and
P — (A) from G. Write a program that outputs the value of the given expression if the
input is in £(G’), or $ otherwise.

(4) Under the assumption that the input is in £(G), write a program that outputs the value
of the given expression.
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PusH, Push « to the stack.

Pop Pop a symbol from the stack and discard it. If the stack is empty, it
performs nothing.

SWAP; Swap the first (topmost) and i-th symbols of the stack. If the stack is
shorter than i, it performs nothing.

IF[X;--- X1][I] | If there are ¢ symbols «;, ..., a1 at the top of the stack in this order (a3
is the topmost) and oy € X}, for any k£ € {i,..., 1}, execute I. Otherwise,
it performs nothing.

InPUT Read a symbol from the input and push it to the stack. If no input is left,
it pushes $.

ADD Pop two integers from the stack, compute their addition, and push the
result to the stack. Unless there are two integers at the top of the stack,
it performs nothing.

MuL Similar to ADD except that it computes multiplication.

Loor Go to the beginning of the program.

Ii; I Execute I; and then execute Is.

Fig 5 The semantics of each syntax




Question No. 6: Advanced physics (1/2)
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Consider the quantum state of a particle of mass m in a potential V' (z) along the z-axis. Here,
the particle is in a stationary state with energy e. Answer the following questions. In the
following, 7 is the imaginary unit, a, k, o, and k are real positive numbers, and A4, B, C, D, and

F are complex numbers. 6(z) is the Dirac delta function and A = ;—(h : Planck constant).
T
(1) Consider the potential
V(z) = —ad(x). (6A)

d
(a) At z = 0, the stationary wave function ¢(x) is continuous, while its derivative d—w

x
is discontinuous. By integrating the time-independent Schrédinger equation around
x = 0, derive the following relation:

v _d¥

dz dx =~ ¥ (6B)

2
z=-0 h

r=+0
(b) In general, the stationary wave function ¢1(z) for € > 0 can be written as

Aeikz =+ Be—ikz (.’E < O)

(@) = { ot e o5 0) (60)

Here, we assume the case that the particle is transmitted from the region z < 0 to

B
the region z > 0 and let D = 0. Obtain 1 and % in terms of 7, k, m, o, and h.

(2) Consider the potential
V(z) = —a[é(z +a) + d(z — a)]. (6D)

The stationary wave function ¢2(z) (bound solution) for € < 0 can be written as

Ae® (z < —a)
Po(z) =< Ce™ +De ™ (—a<z<a) . (6E)
Fe™r= (z > a)

(a) Derive the relation between C and D.

(b) Obtain the condition for the existence of two bound solutions in terms of a, m, o, and
h.



