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Attention: Choose 2 questions out of the following 6
questions and answer each of them on a separate answer
sheet. You may use the backside. Questions are
written in both Japanese and English.



Question No. 1: Electrical engineering (1,/4)
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Question No. 1: Electrical engineering (2,/4)

Gain [dB]
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Question No. 1: Electrical engineering (3,4)
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(1) Consider the control system shown in Fig. 1(a), where R(s) and C(s) denote a reference input

and a controlled variable, respectively. K, T;, and T, are positive constants.

(a)

(b)
(©)

(d)

Draw the Nyquist diagram for the open-loop transfer function of the control system in Fig. 1(a).
If the trajectory of the diagram crosses the real or the imaginary axis, specify the value of the
crossing point.

Find the gain K; when the system in Fig. 1(a) is at the stability limit.

Consider the control system shown in Fig. 1(b) in which the compensator G.(s) is added to
Fig. 1(a). Fig. 1(c) shows the gain characteristics of the open-loop transfer function, which is
represented by the asymptote of the Bode diagram, in the control system of Fig. 1(b). Find the
values of K,, Ty, T», T3, and T, when K, >0 and T, > T3 > T, > T;.

Explain how the compensator G.(s) works in the control system of Fig. 1(b).

(2) There is a single-phase transformer with a capacity of 5 kVA and a rated primary/secondary voltage

of 5000 V/100 V. The primary and secondary impedances of the transformer are Z; = 50 + j25 Q

and Z, = 0.2 + 0.1 Q, respectively.

(@)
(b)

(©)
)]

Find the turn ratio a.

Find the equivalent resistance R [Q] and the equivalent leakage reactance X [Q2] seen from the
secondary.

Find the percent resistance drop p [%] and the percent reactance drop g [%o].

Find the voltage regulation &; [%)] under full load condition with a lagging power factor of 80%

and the voltage regulation &, [%)] under full load condition with a leading power factor of 80%.



Question No. 1: Electrical engineering (4,74)
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Question No. 2: Communication engineering (1,72)
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Question No. 2: Communication engineering (2,2)
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Fig. 2 is a block diagram of a heterodyne radio receiver that receives medium-wave AM broadcast
stations in the 600 kHz to 1,500 kHz frequency band. In the figure, VFO is a variable frequency oscillator,
and MIX is a frequency mixer that multiplies the output signal from block (A), V5, and the output
signal from the VFO, V;,. Answer the following questions.

() If V5 = Agcos(2nfst) and Vg = Apg cos(2mfiot), write an expression for the output signal
from the MIX using exponential functions and illustrate its amplitude spectrum. Here assume f5 >
fio

(2) In the figure, IF is an intermediate frequency filter, and only signals that pass through it can be
received. The center frequency of the IF is 500 kHz. To receive all stations in the frequency range
of 600 kHz to 1,500 kHz, and assuming that the MIX outputs the sum frequency and difference
frequency signals of its input signals, what should be the variable frequency range of the VFO?
Also, block (A) in the figure is a frequency filter. State which frequencies it passes and which
frequencies it blocks to avoid interference from frequencies other than broadcasting frequencies.

(3) Heterodyne radio receivers have higher sensitivity than direct detection radio receivers. Explain the
reason for this considering that the MIX output is a multiplication of the input signals.

(4) Describe what happens if the frequency stability of the VFO is poor, and what level of frequency
stability is required.

(5) The frequency band of AM broadcast source signals (music, etc.) is from 100 Hz to 10 kHz. Taking
this into account, what is the desirable band width BW of the intermediate frequency filter? Briefly
explain the reason.

(6) DT is an envelope detector. In question (1), if Vs = As(1 + m s(t)) cos(2mfst), what is the

detector output? Here s(t) is the modulation source signal, and m is the modulation index.

ANT fim

Y
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Filter
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Fig. 2



Question No. 3: Electronic engineering (1,/4)
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Question No. 3: Electronic engineering (2,74)
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Question No. 3: Electronic engineering (3,74
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A single-stage amplifier circuit and a two-stage amplifier circuit using n-channel MOS field-effect
transistors (MOSFETs) are shown in Fig. 3(a) and Fig. 3(b), respectively. Here, voltages v; and v3,
and voltages v, and vs, are the small-signal alternating voltages at the input and output terminals,
respectively. Assume that the impedances of capacitors C;, C;, C3, C4, and Cs are negligibly small
at signal frequencies. Use the circuit shown in Fig. 3(c) as the small-signal equivalent circuit of the
MOSFET. Here, vgs and gy, are the small-signal gate-to-source voltage and the transconductance of
the MOSFET, respectively.

(1) Answer the following questions on the amplifier circuit shown in Fig. 3(a). Here, the drain-to-source
voltage Vpg is 1/2 of the power supply voltage Vpp,. Also, the combined resistance when
resistors R; and R, are connected in parallel is 100 kQ, the resistance R is 5 k), and the power
supply voltage Vppq is10V.

(a) Calculate the values of the gate current I and the drain current I,
(b) Calculate the values of resistors R; and R,, when the gate-to-source voitage Vgg is 2 V.
(c) Calculate the values of the input impedance Z;,, and the output impedance Z;.

(2) Answer the following questions on the amplifier circuit shown in Fig. 3(b). Here, the properties of
the two MOSFETs are the same.
(a) Draw the small-signal equivalent circuit.
(b) Express the voltage gain K, (= vg/v;) intermsof Ry, Ry, Rg, Rg,and gp,.
(c) If the first-stage amplifier is used alone, with no cascade connection, explain how the voltage
gain K,; (= v4/v3) changes.



Question No. 3: Electronic engineering (4,74)
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Question No. 4: Computer science 1 (1/2)
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Question No. 4: Computer science 1 (2/2)
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Answer the following questions.

(1) Fig. 4(a) shows a diagram of a JK flip-flop that changes its output on the rising edge of the clock.
Using the JK flip-flop and logic gates, illustrate a D flip-flop that changes its output on the rising
edge of the clock.

(2) Using clocked RS flip-flops and logic gates, illustrate a D flip-flop that changes its output on the
falling edge of the clock. Use Fig. 4(b) as the diagram of a clocked RS flip-flop.

(3) Consider the sequential circuit composed of two D flip-flops and an XOR gate as shown in Fig.
4(c). Starting from the initial state Qo = Q; = 0, draw the timing chart for Qy and Q, until five
pulses have arrived at the clock (clk). Note that the D flip-flop changes its output on the rising edge
of the clock.

S —f

P

s B
:})—0

cl cl —e
K Q a
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Fig. 4(a) Fig. 4(b)
*D Q &’I D Q &
» cl *cl
clk Q

Fig. 4(c)



Question No. 5: Computer science 2 (1.,/4)
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Question No. 5: Computer science 2 (2 / 4)
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set n,7; B BZLIAZ R IKRAT S

dec 715 LYVR& r DR 1BBET

add ri,r5,mx LIRZ 1 L DEOHBLYAZ r KRAT S

jmp n VAT A FNOY X51= 10 5=k v

ifpos ri,n  LYRE r OEMNELRSE OS5 LD n ITHOMBICI Y TT3

push 7; LVIRE r;, DERAZY 21Ty 2T

Pop T; A2y I ofEiERy 7L, ZTOEEZLIAZ r, IKRATS

ret ARy bRy L, FOHEELELT, TufS5L0
nfTEOBRICI Y T3

halt r; LIYZAZ r; DEZEBEICKRRLTIOT S LZETTS

5(a)

pury}
B

© 00~ o dT

(%)

set 30,7

set 5, 7p

push g

jup 6

halt ny

ifpos 1, (A)
set 0,1y

ret

push 7

10 decmn

11 set (B) ,rg
12 push rg

13 jmp 6

14 add r,7m1,72

15 (C)

16 add r1,72,71
17 (D)

5(b)



Question No. 5: Computer science 2 (3. 4)
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Consider the following recursive function f that takes an integer and returns an integer.

_J0 (n<0)
f(n)_{f(n—l)x2+n (n>0)

Answer the following questions.

(1) Find the value of f(3). Show also the intermediate steps in the calculation.

(2) Consider a machine with three integer registers o, r1, and r2, a stack of sufficient size,

and the instruction set in Fig. 5(a). A program is a sequence of instructions and there
is no limit on the size of integers. The program in Fig. 5(b) displays the value of f(30)
on the screen and terminates. Give an instruction (or a part of an instruction) that is
appropriate for eachof (A) , (B) , (C) , and (D) . Also explain in
several lines of text how this program works.




Question No. 5: Computer science 2 (4 / 4)

set n,r;
dec r1;

add r;, 7, Tk
jmpn
ifpos r;,n
push 7;

pop 7;

ret

halt r;

2024 5E 2 - 3 B EHE
ROES sTE%2
(ABB,48H)

Assign the integer n to the register r;

Decrement the value of the register r; by one

Assign the sum of the values of the registers r; and r; to the register ry

Jump to the instruction on line n of the program

Jump to the instruction on line n of the program if the value of the register r; is positive
Push the value of the register r; onto the stack

Pop a value from the stack and assign the value to the register r;

Pop a value from the stack, let n be the value, and jump to the instruction on line n of
the program

Display the value of the register r; on the screen and terminate the program

Fig. 5(a)

line number intruction

set 30,1

set 5,719

push g

jmp 6

halt r;

ifpos r;, (A)
set 0,7

ret

push

10 decny

11 set (B) ,ro
12 push g

13 jmp 6

14 add r,7,72
15 ©

16 add r1,79,71
17 (D)

00 N O Ut s W N =

©

Fig. 5(b)



Question No. 6: Advanced physics (1,/4)
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Fig. 6 £ (BA) TREND—RITRT T/ V(x) 12D, x = —o0 2 x BADIEF MIZAS LT
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0 (x <0) fRIk (D
Vix) = { Vo (0<x<a) fREk D (6A
+00 (x =a) fRIk (11D
TIT, E >V THY, ZORFOHEBIE ¢(x) 1IX (6B) THEXLNDHDETS.
Aetkr* 4 Be—iki¥ (x<0) fEim (D
Yx) = { Celkzx 4 pe—tkex (0<x<a) i D) (6B)
0 (x> a) fRR (1)

Vo, a, kq, ki ZIEDER, A, B, C, D iIBEREOEE, i (ZBEBAITHS. Tz, @R O, (D

BRI FON - TOAEESERE AL A, £F5. b= % (h 75 7% LLT, LT ORIz
Mk,

(D B D & JAD oFENFRIZOWTREBIZEFELRW 2L —TF 4o T —FRBRXEEE, ky, kL%
i, m, Vo, E DYLNOMERLOZAVTERYE.

2 @ x=0&x=allBTAHHBEROEFEELEZERTHILIZIN, A+BED%a, ky,k,, C
DI LNPLHMERLOEFRVTRYE.

(b) x =0 2RI HREEROHEEROEFEL BRI DILIZIY, A-B%a, ki, kp, CD
SLNLLERLDEAVTRE.

A
© r ¥a, ky, ky DOBNOMERLOEZRVTERE.

(3) (@) i (D& ADIZBWT x BOEF MICEIT T DR FOREBEEIC T T2 RRFAIL,
FhEh, j1+ =E:Tl |A|2, jz.,. =%’ IClz 'C“iéx‘hf). ﬁ%%ﬁgﬂi T= ].it % a, k1; k2
+

J1
DYLPLMLERLOZAVTER.
(b) THRaDBEETHLHLE XD, THRRKRERDES2 aDEB/NMER A, A, DILPLLER

bOERVWTRYE. Fie, THAR/NERDBEIR a DR/MEZ A, 1, DILPLLRRbD%
RnTRE,



Question No. 6: Advanced physics (2,74)
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Question No. 6: Advanced physics (3,74
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Consider a phenomenon in which a particle (mass m and energy E) traveling from x =
—oo towards the positive direction of the x-axis is scattered by the one-dimensional potential
V(x) shown in Fig. 6 and Eq. (6A).

0 (x<0) region (I)
Vi) = Vo (0<x<a) region (IT) (6A)
+00 (x = a) region (II)
Here, let E > V,, and the wavefunction (x) of the particle is given by Eq. (6B).
Aethrx 4 Be—ikix (x<0) region (I)
Yx) = Celkax 4 peg—ikex (0<x<a) region (II) (6B)
0 (x=a) region (II)

Vo, @, k1, and k, are positive constants, A, B, C, and D are complex constants, i is the

imaginary unit. Moreover, the de Broglie wavelengths of the particle in regions (I) and (II) are
h

A; and A;, respectively. Supposing & = P (h is Planck’s constant), answer the following

questions.

(1) Write the time-independent Schrédinger equation for regions (I) and (II), and write
expressions for k; and k, using the necessary terms from #, m, V,, and E.

(2) (a) By considering the continuity of the wavefunction at x =0 and x =a, write
expressions for A+ B and D using the necessary terms from a, k4, k,, and C.

(b) By considering the continuity of the derivative of the wavefunction at x = 0, write
an expression for A — B using the necessary terms from a, k4, k,, and C.

A
() Write an expression for E using the necessary terms from a, k;, and k.

(3) (a) Probability current densities for the wavefunctions of the particles traveling
towards the positive direction of the x-axis in regions (I) and (II) are given as

j1e = ;1- |Al? and jp, = -?2 |C|?, respectively. Write an expression for the

probability current density ratio T = jz_+ using the necessary terms from a, k,, and
1+
k,.

(b) When T issupposed to be a function of a, write an expression for the smallest value
of a at which T is a maximum using the necessary terms from A; and 2,.
Moreover, write an expression for the smallest value of a at which T is a minimum
using the necessary terms from A, and A,.



Question No. 6: Advanced physics (4,/4)
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