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ENGLISH TRANSLATION
Problem 1

As shown in Fig. 1, semicircular disc electrodes A and B of radius a and a circular disc
electrode C of radius a are placed horizontally in vacuum, keeping a distance 24 . The centers
of the electrodes are located on the z axis. The semicircular disc electrodes A and B are insulated
from each other with a negligibly small slit,. A voltage V' is applied to the electrode A, and the
electrodes B and C are grounded.

There is a semi-cylindrical dielectric on the electrode C. This semi-cylindrical dielectric
corresponds to a half of a cylinder whose central axisis P—P'. The radius, the thickness, and the
relative permittivity of the semi-cylindrical dielectric are @, , and 2, respectively. The P-P'
axis is aligned with the z axis. The semi-cylindrical dielectric has an insulating axial rod with a
negligible mass through P—P' and can rotate smoothly about the z axis on the electrode C.
The upper surface (surface S) of the semi-cylindrical dielectric is uniformly charged with its true
surface charge density o .

Figures 2 and 3, respectively, show the top and the front views of the electrode configuration.
The x axis is chosen along the slit between the electrodes A and B. Let the rotating angle of the
semi-cylindrical dielectric from the x axis be @. The permittivity of vacuum is £,. Here,
a>>d holds. Ignore fringing of the fields and effects of the gravity. Answer the following
questions.

(1) When 6 issetto 7, ie. the semi-cylindrical dielectric is located just below the electrode A,
the potential on the surface S is 2///3. Find the electric fields in vacuum and in the dielectric
between the electrodes A and C.

(2) In Question (1), find the true surface charge density, o, and the polarization surface charge
density o, on the surface S.

(3) Find the potential on the surface S, when @ is set to 0, i.e. the semi-cylindrical dielectric is
located just below the electrode B.

(4) Find the electrostatic energy stored in the system when & is 0,. Here, assume 0<6, <.

(5) In Question (4), find the torque acting on the semi-cylindrical dielectric with respect to the z
axis by utilizing the virtual work method.

(6) The semi-cylindrical dielectric starts rotating at @ =6, from rest. Determine the angle &
and the angular velocity @ as a function of time 7, and plot them against ¢. Here, suppose
0=6, and @=0 at r=0, and the moment of inertia about the z axis of the
semi-cylindrical dielectric is 7. Ignore friction and electromagnetic wave generation.

Hint:  For a rigid body rotating about a fixed axis, the following equation holds:

P2,
dt

where 7 is the moment of inertia about the axis of the rotation, @ is the angular
velocity, and N is the torque.
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ENGLISH TRANSLATION
Problem 2

Answer the following questions related to a parallel resonance circuit shown in Fig. 1.

(1) Concerning the circuit in Fig. 1, find the impedance between terminals A and B at an angular
frequency of .

(2) Find the resonant angular frequency ey of the circuit in Fig. 1, and draw the absolute value and
phase of the impedance as a function of . Indicate the resonant angular frequency and the peak
value of the impedance clearly in the graphs.

(3) Find the sharpness of the resonance of the impedance, Q value, of the circuit in Fig, 1.

(4) Let us assume that a constant current source with a current value of Iy and a switch S are
connected to the circuit of Fig. 1, as shown in Fig. 2. Suppose that the switch S is opened at time
t =0, and find the voltage, v(7), appearing between terminals A and B at time ¢ (t = 0). Note
that at time ¢ < 0, the switch S is closed and Iy flows through the switch S, no charges are stored

in the capacitor, and no current flows through the inductor.

Answer the following questions related to an amplifier that consists of an n-type MOS transistor
and a load impedance Z, with a power supply ¥pp. shown in Fig. 3. Note that a small signal
equivalent circuit of a transistor is expressed, with &m» Fo, and vy, as shown in Fig. 4. Here, g;, and r,,
are the transconductance and drain resistance, respectively, and vy is the small signal voltage

between terminals gate (G) and source (S).

(5) Draw a small signal equivalent circuit of the amplifier shown in Fig. 3, and find the transfer
function, 4,=v,/viy. Note that v, and v, represent small signal components of the input ¥, and
the output Vo, respectively.

(6) Consider a negative feedback circuit with capacitors, as shown in Fig. 5. Find the feedback
coefficient, the loop gain and the closed-loop gain of this circuit. Note that impedances of
capacitors Cy and C; are large enough compared with the impedance Z.

(7) Consider the amplifier shown in Fig, 6. Choose the type of filter that represents the frequency
response of this amplifier from the following filter list, and describe the reason why you choose
it. Show one typical application of this amplifier.

[Filter list] low-pass filter, high-pass filter, band-pass filter, band-elimination filter
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ENGLISH TRANSLATION

Problem 3

You have n locked boxes and m keys at hand (1 <m <n). All the keys have similar
appearance and are without any tags, and thus you cannot tell which key is for which box without
unlocking trials. ~ Answer the following questions assuming this situation.

(1) Consider the case in which each of the keys can unlock one single box but no other boxes, and
each of the boxes can be unlocked with only one key. If m # n, there are one or more boxes
that cannot be unlocked by any keys. You will try to unlock a randomly chosen box with a
randomly chosen key. Give the probability of your successfully unlocking the chosen box
with the chosen key.

(2) Give the average amount of information obtained (entropy) on the correspondences of the keys
and the boxes by performing the unlocking trial described in Question (1) for the first time.

(3) Consider the case in which each of the keys can unlock either one or two boxes, no boxes can
be unlocked with more than one key, and all of the boxes can be unlocked with one of the keys
(n < 2m). You will try to unlock a randomly chosen box with a randomly chosen key. Give
the probability of your successfully unlocking the chosen box with the chosen key.

(4) Give the average amount of information obtained on the correspondences of the keys and the
boxes by performing the unlocking trial described in Question (3) for the first time.

(5) Think of the probabilities of the chosen key being one of those keys that can unlock two boxes
after knowing the result of the first trial described in Question (4). Give the posterior
probability p for the case when the box could be unlocked in the trial, and the posterior
probability g for the case when the box could 7ot be unlocked.

(6) Give the average amount of information obtained on whether the chosen key can unlock two
boxes or not, by performing the first trial described in Question (4). You may use p and g in
Question (5) as already known values.
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ENGLISH TRANSLATION

Problem 4

We define the “edit distance” between two strings, s; and s, as the minimum number of
operations needed to transform s, into s,, where each operation is insertion, deletion, or substitution
of a single character. For example, the edit distance between “writers” and “waiter” is two, i.e.

substitution of “r” with “a’ and deletion of “s”.

Figures 1 and 2 show programs that can compute the edit distance of a given pair of strings. The

function strlen used in the programs is a function that returns the length of the given string.

#define MAXLEN 1000
int d[MAXLEN+1] [MAXLEN+1];

int edl (char *sl, char *s2)

#define MAXLEN 1000
int r[MAXLEN+1];

int ed2(char *sl, char *s2)

{ {
e [T int i, J, m/NNy G
m = strlen(sl); m = strlen(sl);
n = strlen(s2); n = strlen(s2);
for (4= 0 i <= 1m; d++) { ftor (J = 0; J <= nF T+E) 4
d[i] [0] = i llifil = )
} }
Far (== Tn Eneet ) | for (i = 1; i <= m;y i++)
QN p i
} gq= i = i;
for g ='1: 0 == 07 JHE
For (L = Baiias Sel qab ) { o
DO SRR s Tt )
InE X!
(B)
(A) p = X;
g el
dlil 3] = %: (= =
} }
} }
return dm] [n]; return r[n];
} }
Fig. 1 Fig. 2

(1) Let the lengths of s; and s, be m and n, respectively, and assume that the time complexity of the

process performed in (A) is O(1). What is the time complexity of the function ed1 in Fig. 1?
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(2) Letd(i, /) be the edit distance between the substring of s; consisting of the first / characters and
the substring of s, consisting of the first j characters. Describe the values of d(1, 1), d(1, 2),

d(2, 1), and d(2, 2) when s and s, are “writers” and “waiter” respectively.

(3) Think about the relationships that hold among d(i — 1, j - 1), d(i - 1, /), d(i, J— 1) and d(i, j),
and describe the process you should perform in (A) in a well-known programming language
such as C, Java, or Python, or in a natural language (Japanese or English). Description in a

natural language should be detailed enough that one could translate it literally into a program.

(4) Let’s say that you want to extend the function ed1 in Fig. 1 so that it returns not only the edit
distance between s; and s, but also a sequence of operations that realizes the distance. Sketch a

way to do so.

(5) If you are only interested in the value of the edit distance between s, and s, you can compute it
by using the program given in Fig. 2, which uses less memory than the program given in Fig. 1.
Describe the process you should perform in (B) in a well-known programming language such
as C, Java, or Python, or in a natural language (Japanese or English). Description in a natural

language should be detailed enough that one could translate it literally into a program.

(6) Let’s say that you need to be accurate only when the edit distance is equal to or smaller than
some threshold £, i.e. your function can return an arbitrary number greater than & if the edit
distance of the input strings is greater than . In this case, the edit distance can be computed

with a time complexity of O(km) or O(kn). Sketch the main idea of such an algorithm.
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ENGLISH TRANSLATION
Problem 5

A circuit C1 shown in Fig. 1 accepts n-bit binary numbers 4 and B and outputs the greater of them
to G and the smaller of them to S. When 4=B, we have G=S=4=B. Answer the following

questions.

(1) Figure 2 shows a circuit C2 which processes numbers of one binary digit. Suppose that a
circuit C1 is implemented by cascading » units of circuit C2, as shown in Fig. 3. The inputs ¢
and d of circuit C2 represent that 4<B and 4>B hold respectively for more significant digits than
processed by the circuit. The outputs e and f represent that 4<B and 4>B hold respectively
including the digit being processed. Note that 1 represents frue, and 0 represents false.
Assuming that the inputs 4 and B are both unsigned binary numbers, denote e and £ by a and b

for each case that the combinations of the inputs (c, d) of circuit C2 are (0, 0), (0, 1) and (1, 0).

(2) Show a circuit diagram of C2, which is as simple as possible, by using AND, OR and NOT
gates. Use symbols shown in Fig. 4 for AND, OR and NOT gates.

(3) Assume that inputs 4 and B are both signed binary numbers represented in 2's complements. If
you want to implement the circuit by making minimum modification to the circuit obtained in

Question (2), how should you do? Answer with its reason.

(4) As shown in Fig. 5, suppose that the input numbers are sorted by connecting several units of
circuit C1.  Figure 5 shows an example for four inputs. Following Fig. 5, show an example

circuit for three inputs.

(5) For four inputs, you cannot correctly sort inputs using fewer units of circuit C1 than shown in

Fig. 5. Explain why.
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ENGLISH TRANSLATION
Problem 6

Graph theory is used to find an appropriate path from a source to a destination in communication
networks. A graph is composed of nodes and edges. If each edge has direction, the graph is called a
directed graph. With V being a set of all nodes and 4 a set of all edges in a directed graph, the
directed graph G is denoted as G=( V, 4 ).

A graph where edges have weights (costs) is called a weighted graph, and the total weight of
edges on a given path from a node (source node) to a node (destination node) is called its path
weight. A path with the minimum path weight among the paths from a source node to a destination
node is called a minimum weight path. For simplicity, we assume that there is at most one edge

going from one node to another. Answer the following questions.

(1) Let a; be the edge from node v, to node v;. Draw a picture of the directed graph with "= { v;, v,

V3, Va, Vs }, and A = { a3, a5, auz, dsz, dsq }-

(2) In communication networks, minimum weight paths of appropriately weighted directed graphs
are used in selecting communication paths. Give a typical example of the metric for determining
edge weights in the current Internet, and describe a practical way to decide edge weights with

the metric.

(3) Let = { vi, va, ..., vy }, and let d(v)) be the path weight of a minimum weight path from source
node s to node v; in a directed graph G=( V, 4 ). Letd(s) =0, and let l(a;) be the weight from

node v; to its adjacent node v; ( /(a;) > 0 ). In this case, d(v,) satisfies Eq. (i).
d(vj):n;in{d(v,.)u(ay.)} (i)
if
Give the minimum weight path from v; to ve in the weighted directed graph shown in Fig. 1.

Also show the process of finding the path on the basis of Eq. (i). In the Figures, the weight of an

edge is shown next to the edge.
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Following the algorithm given below, the minimum weight paths from source node s = v to all
nodes can be found in a n-node directed graph G = ( ¥, 4 ) without negative cycles. Note that a
negative cycle means a negative weight path where the source and destination are identical. When
the algorithm terminates, z(v;) shows the precedent node of node v; on the minimum weight path
going from source node s to node v;.

Algorithm

Step a: Letd(s)=0,d(v)=+% (Vv € V- {s}),
n(s) = s, m(v) = NULL (undefined) (Vv € V- {s} ), and k= 1.
Also, let c(ay) be the edge weight from node v, to its adjacent node v
Stepb:Leti=1.
Step ¢ : Regarding all edges a; whose source node is v, if d(v)) > d(v;) + c(ay),
then let d(v)) = d(v,) +c(ay), and (v)) = v;.
Stepd : Ifi < nthen let i =i+ 1 and go back to Step c.
Step e : If k <nthen let k= k+ 1 and go back to Step b.
Step f : Stop.

(4) Applying the above algorithm to the network in Fig. 2, show the values of d(v) and z(v) for all
nodes when k has become 2 from 1 at Step e. Also, show the values of d(v) and z(v) for all nodes

at Step f.

Fig. 2

(5) Using mathematical induction, prove that the algorithm shown above can find the minimum
weight paths from one source node to all destination nodes in a directed graph without negative

cycles.

(6) The algorithm shown above is deployed to decide a path in actual communication networks.
However, a problem may arise in applying the algorithm to the networks whose states change

frequently. Explain why.
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ENGLISH TRANSLATION
Problem 7

Answer the following Questions I and II.

I. Answer the following questions concerning photo-absorption in semiconductors.

(1) Suppose a situation that a hole at a wavenumber of &, and an electron at a wavenumber of &, are

generated by absorbing an incident light at a photon energy of Am (ﬁ=2£, h: Planck's
T

constant, @: angular frequency), as illustrated in the band diagram (the relationship between
energy £ and wavenumber k) shown in Fig. 1. Describe an equation expressing the law of
energy conservation in this process. Here, the band gap of this semiconductor is given by £, and
the effective masses of electrons and holes are given by m. and n, respectively.

(2) In addition to the law of energy conservation, there exists another condition between k; and k.
Answer what this condition is called, and describe an equation expressing it. Explain the reason
why such a condition is required.

(3) In the photo-absorption process above, the total kinetic energy of a generated electron-hole pair
can be regarded as the kinetic energy of a quasi-particle with a mass of x and a wavenumber of
k. Find the mass u of this quasi-particle.

(4) Figure 2 depicts a typical photo-absorption spectrum of a semiconductor with a small amount of
impurities. Here, (e) represents the inter-band transition discussed above. Choose the
mechanisms of photo-absorption corresponding to (a), (b), (c) and (d), respectively, from the
group of terms listed below, and concisely describe the reasons why you identify them. Note that
no single term should be chosen twice or more.

[Terms] impurity absorption, exciton absorption, free-carrier absorption, inner-shell absorption,

lattice vibration absorption

5 T ©
Incident light %
: nciaent 1g 8
; N & N il
Mgt
j 2
ki k), < , ,

: >
/0 \O\ 103 102 1071 1 10
Valence band Hole

Photon energy [eV]

Fig. 1 Fig. 2
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II. Consider semiconductors A, B and C whose band structures are depicted as Fig. 3. First, suppose
that we apply these three semiconductors to the following device (i). Discuss advantages and
disadvantages of semiconductors A, B and C that can be deduced from their band structures, by

mutual comparison among these semiconductors. Then, discuss similarly the cases that these

three semiconductors are applied to the devices (ii) and (iii).

(i) electron transport devices (e.g. n-type channel field-effect transistors)
(ii) photo-detecting devices (e.g. photo diodes, solar cells)

(iii) photo-emitting devices (e.g. light emitting diodes, semiconductor lasers)

Semiconductor A |

| Semiconductor B | | Semiconductor C |

Conduction band /\—’ Conduction band
Conduction band /\/ —/\ __________
/\ e _I_!.l eV

/ N H04ev / """" /
Valence band Valence band

Valence band

Energy E
Energy £
=
Le]
<
Energy £

L A I A X L A I A X

L A r A X
Wavenumber & Wavenumber k

Wavenumber &

Fig. 3
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ENGLISH TRANSLATION
Problem 8
Answer the following questions on metal-oxide-semiconductor (MOS) field-effect transistors.

Assume that the semiconductor is silicon.

(1) Consider a MOS transistor where the flat band voltage Vg is —0.5V and the threshold voltage V7
is 0.5V. Draw schematically the band diagram of this MOS structure at the flat band condition.
Let the vertical axis be the potential. Place the gate electrode in the left, the oxide in the middle,
and the semiconductor in the right. Indicate the Fermi level Ey, the bottom of the conduction
band E, and the top of the valence band Ey of the semiconductor in the diagram.

(2) Draw schematically the band diagrams of the MOS structure at conditions of (a) Vg < Vgg, (b)
Ves < Vg < V3, and (c) Vg > Vi, where Vg is the gate voltage. Answer what the modes of the
MOS structure are called under conditions (a), (b), and (c), respectively, and explain the features
of these modes.

(3) Explain why Vp of a MOS transistor is given by Eq. (i), where ¢ given by Eq. (ii) is the
difference in the Fermi level between this semiconductor and the intrinsic semiconductor, g is
the elementary charge, ; is the impurity concentration of this semiconductor, Wppax is the
maximum depletion layer width (depth), C,y is the gate dielectric capacitance per unit area, & is

the Boltzmann constant, 7' is the temperature, and #; is the intrinsic carrier concentration.

VT o VFB +2¢F + Ci']V]I’VDmax
Cox (1)
e
q n (ii)

(4) Wpomax in Eq. (1) is a function of N,. Express W« using Ny. Furthermore, show the relationship
between F and V;. Because the dependence of ¢ on N, in Eq. (ii) is weak, you may ignore this
dependence.

(5) Figure 1 shows the relationship between ¥ and the gate dielectric thickness # in MOS transistors
fabricated by two different processes (Process A and Process B). In both processes, N, is
identical and the channels are uniformly doped. The channel length is so long that the short
channel effect is negligible. Figure 1 indicates that at least two parameters of material properties
in these transistors are different in Process A and Process B. Explain what kinds of parameters
are different and estimate the differences in these parameters.

(6) Describe how to change these two parameters of material properties answered in Question (5).
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ENGLISH TRANSLATION
Problem 9
Characteristics of a DC motor are given by the following equations.
T =Kt
e, =Ko
L £+Rai=v—ec
dt

Here, Ty, is the generated torque, @ is the angular velocity of the rotor, e, is the back electromotive
force, v is the armature voltage, i is the armature current, L, is the armature inductance, R, is the
armature resistance, and K is a constant. When the motor is connected to a mechanical load, the

equation of motion is given by

Jd_w:j;n _]1(‘1 hﬁbﬂ)’
dt

where b is the viscous torque (b: constant), 7y is the disturbance torque, and ./ is the moment of

inertia about the rotation axis. Answer the following questions.

(1) Put a proper transfer function in (a), (b), and (c), respectively, in Fig. 1 to complete the block
diagram of the DC motor. In Fig. 1, 1/(Js+5) is the transfer function between T

m _Tz'l as

inputand @ as output.

Td
P i /A i— 1 @
-1 @ I Js+b
(€ |
Fig. 1

(2) Consider the velocity control system using a DC motor shown in Fig, 2. The portion surrounded
by a broken line corresponds to the block diagram of the DC motor shown in Fig. 1. Here, @y is
the reference signal of the angular velocity of the rotor, and G(s) is the transfer function of the
controller.

(2-a) Using €2 (s), $2r(s), and Ty (s), which are the Laplace transforms of @, . and 7y,

respectively, the following equation is obtained.

£2(s5) = G(8)2,6 (5) = G ()T, ()
Here, G(s) is the input-output transfer function of the reference angular velocity of the rotor,
and Gy (s) is the transfer function of the disturbance torque. Derive G(s) and Gy (s).

(2-b) Consider the case where G(s) is the transfer function of a proportional controller (P
controller) given by
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G.(5)=K;.
Explain the stability and the offset of the response of @. Here, assume that the disturbance
torque T;=0.

(2-c) Consider the case where G(s) is the transfer function of a proportional-integral controller (PI
controller) given by

G, (s)=Kp+ .53 5
s
Explain the stability and the offset of the response of @. Here, assume that the disturbance
torque 7, =0.
(2-d) Assume that the disturbance torque is constant and given by 7,(s) = K, /s, where Ky is a

constant. Show the influence of the disturbance torque decays with time, provided G(s) is
the transfer function of a PI controller.

DC motor (Fig. 1)

@ ] m y 1 a)j
e LEA 1) O S g U
[ ©

(3) Consider the static Leonard system, which controls the velocity of a DC motor by varying the
armature voltage v. Answer the following questions.
(3-a) Draw a fundamental configuration of the static Leonard system, including a power convertor
circuit.

(3-b) Explain how the static Leonard system works.
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ENGLISH TRANSLATION
Problem 10

Answer the following questions with regard to power engineering. Note that voltages are
expressed in terms of effective values in AC circuits. Note also that E; and E, with dots denote
voltages in complex numbers, and that E; and E,, denote the absolute values of EG and £,
respectively. Namely, £ =\EG|, and E, =‘Em|.

(1) Let us consider a one-machine-to-inifinite bus system (a three phase system) shown in Fig. 1.
Suppose that the internal voltage (electromotive force) at the generator is E,, and that the
infinite bus voltage is £, . Suppose also that the phase difference between E; and E, is
defined as power angle, . Let X be the sum of the generator reactance, X, and the reactance of
the transmission line, X;. Prove that the active power, P., is given by Eq. (i). Note that both Eg
and E,, are line voltages.

o Bk

e

singd (i)

(2) Let us consider another one-machine-to-inifinite bus system (a three phase system), which has
two transmission lines as shown in Fig. 2. Suppose that the internal voltage (electromotive force)
at the generator is K, and that the infinite bus voltage is K, . Suppose also that the phase
difference between E; and £, is defined as power angle, 6. Suppose that the generator
reactance, Xy, is constant (0.5 [p.u.]) in this system, and that the two transmission lines have the
same reactance, X, of 0.5 [p.u.]. Suppose also that both Egand £, are 1.0 [p.u.]. Note that both
Eg and E., are line voltages. For 1 < #, where ¢ expresses time, this system was represented as
shown in Fig. 2, in which the power angle satisfied the following conditions, d=dy and dd/dr=0.
At t=1y, a three-phase ground fault occured at a certain point on one of the transmission lines,
where the reactance between the generating end and the fault point is X, as shown in Fig. 3.
Note that 0=a=1. When the power angle was 0, at =1, (f; > t,), the transmission line with the
ground fault was opened as shown in Fig. 4, The power angle reached the maximum, d,, at =,
(t>>1;). Then it decreased.

(2-a) Find the maximum values of the active transmittable power, P, before the fault, during the

fault, and after the open of the transmission line with the fault, respectively.

(2-b) A power-angle curve expresses relationships between power angle ¢ and active transmittable
power P.. It can be drawn in a graph, in which the horizontal and the vertical axes correspond
to J and P, respectively. Depict three power angle curves before the fault, during the fault,
and after the open of the transmission line with the fault, in a single graph.

(2-¢) Let us assume that the swing equation of the generator, G, is expressed in Eq. (ii), where A is
the inertia constant, and Py, is the mechanical energy input. Plot the trajectories of § and P, in
the graph depicted in Question (2-b) for #,<¢<#. Then explain briefly why J moves as
shown in the graph, using Eq. (ii).




2020

This sample is based on the problems before FY2020, which are different from the current ones in their style, volume, range, and level.
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