202342 A 28 H 9:40—10:40

KEHLERER BRI F—U AT LER
BIETEER
BT THHR
KEBIRRBIETIRR 8 - EARRE
KEGETHHEN  T¥ER=—2EK - HEF

REEBEN S w bR [H] e

=R B
Basic Subjects

BEE: o6xMY, 2MELZEAT, ZBEHAK (REZL
2180 IZEREE L. BREARBIARTAGEIZIEmZfE
STRW., BB EEZLEZHTELTHS.

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: Electromagnetics (1,72)
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Question No. 1: Electromagnetics (2,2)
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Answer the following questions, for an electromagnetic wave propagating along the z-
axis in a vacuum in three-dimensional space (x, y, z) in which neither electric charge nor
current exists. Here, the permittivity and permeability of vacuum are g, and ug,

respectively.

(1) Describe Maxwell’s equations (Gauss’s law, Gauss’s law for magnetic field, Faraday's
law and the Ampére-Maxwell’s law) in differential form using the electric field E and
magnetic field H. Furthermore, derive the wave equations (1A) and (1B) for the
electric and magnetic fields. If necessary, use the formula V x (Vx A) = V(V-A) — V%4

for any vector A.

0’E

VZE — SO‘HOW =0 (1A)
0’H
VZH — EOMOW =0 (1B)

(2) The electric field of the electromagnetic wave at time t is given as E = (Ey,E), E,) =
(Egpsin(kz — wt),0,0), where k and w are the wavenumber and angular frequency of
the electromagnetic wave, respectively.

(a) By substituting E in the wave equation (1A), derive the speed of the
electromagnetic wave (the speed of light) c, using &, and u,.

(b) Show that V x E = jkEycos (kz — wt), where j is the unit vector along the y-axis.

(¢) From Faraday's law, find the amplitude of H,. H, is the y-axis component of the

magnetic field H of the electromagnetic wave.



Question No. 2: Electrical circuits (1/2)
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Question No. 2: Electrical circuits (2/2)
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For an alternating current (AC) power supply, the effective value of the voltage V is 100V and

the angular frequency is w [rad/s]. The internal resistance is ignored. For a design of an electrical

circuit that uses the AC power supply and circuit elements, such as resistor(s) of resistance R [(1], coil(s)

of inductance L [H], and condenser(s) of capacitance C [F], answer the following questions.

(1

2

Consider an electrical circuit design that uses the AC power supply, a single resistor, a single coil,
and a single condenser. For a certain angular frequency w,, by adjusting the values of R, L, and
C, the effective value of the electrical current flowing through all circuit elements becomes 4 A
and the phase of the electrical current becomes the same as the phase of the voltage of the power

supply. Explain the conditions R, L, C,and w, should satisfy to achieve this.

Consider an electrical circuit design that uses the AC power supply and three circuit elements. The
electrical current I [A] flowing from the power supply is divided into currents I; and I, in a
parallel circuit, where the effective values of I; [A] and I, [A] are 4 A and 22 A, respectively.
As the voltage of the power source V is a reference phasor, the phase leadings of the electrical
currents I; and I, are 0 and m/4 rad, respectively. The necessary circuit elements should be
chosen from among resistors, coils, and condensers, and more than one of each element may be
used.

(a) Draw the phasor diagram of I, I;, and I,. Note that the voltage of the power supply V is the

reference phasor.
(b) Draw the electrical circuit that satisfies these conditions. You should write the impedance value

of each element you use in the circuit.



Question No. 3: Basic information science 1 (1/1)
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Consider z1,2,--- ,on € {0,1}, and -, +, ~are AND, OR, and NOT operators, respectively.
Answer the following questions.

(1) Simplify 1 - 22 T3 - T4+ T1- T2 T3 T4+ T1 T2 T3 T4+ T1 -T2 T3 -Tq +
T1-T3 T3 T4+ T, T2 T3-T3+T) T3 T3 T4+ 1 -T2 T3 T4 using the Quine-McCluskey
method, and also show its process.

(2) A set of logical operators and functions that can form any Boolean function is called
a functionally complete set, and a minimal functionally complete set when no element
can be omitted to remain complete. For example, [NOT, OR] and [NAND] are minimal
functionally complete sets. Consider a 3-variable majority function M(z;,z2,x3) that
outputs true when two or three inputs of z1, x2, and z3 are 1, and false otherwise. Configure
a minimal functionally complete set using M (z, y, z) and other logical operators, and justify
your answer.

(3) Prove the following logical formula. T7 - 23+ T7 -T2 - T3 + =1 + T2 > 2 + T2 + x3

(4) Consider an n-variable odd parity function fp(x1,z2, - ,2s). The odd parity function
outputs true when the number of inputs of 1 is odd and false otherwise. Determine
whether the following assertion is true or false, and justify your answer. “The number of
the minterms that output 1 in f, is 2" ~ 1.”



Question No.4: Basic information science 2 (1/2)
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Question No.4: Basic information science 2 (2/2)
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Answer the following questions.

(1) Consider a connected undirected graph G = (V, E), where V is a sct of nodes and E is a
set of cdges with weights. Graph G; in Fig. 4 is an examplc of such a connected undirccted
graph, and the intcger near the center of cach edge is the weight of the edge.

(a) Show an adjacency matrix and an adjacency list of graph G; in Fig. 4. Note that
the weights of the edges nced not be included.

(b) Evaluate the sizes of memory in O-notation needed for storing an adjacency matrix
and an adjacency list of a graph G consisting of n nodes and m cdges, respectively.

(c) Among connccted subgraphs of a graph G, a tree containing all nodes of G is called a
spanning tree of G. Among the spanning trees of G, the one with the smallest sum of
weights of cdges is called the minimal spanning tree of G. Show a minimum spanning
treec of graph G; in Fig. 4.

(2) Consider an n-by-m integer matrix M, where the values of the elements in cach row arc
sorted from left to right in ascending order, and the values of the clements in each column
are sorted from top to bottom in ascending order. For an arbitrary intcger x, consider a
search algorithm that outputs “Yes” if M contains an clement whose value is z, and “No”
otherwise. Outline such a search algorithm whose time complexity is O(n + m).




Question No. 5: Basic physics (1,/3)
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Question No. 5: Basic physics (2,/3)
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As shown in Fig. 5 (a) and (b), a cylinder of uniform density with mass M, radius a, and length [ is
placed on a horizontal table. Consider a coordinate system fixed to the table and let the positive x-axis
be parallel to the table surface and pointing to the right, the positive y-axis be perpendicular to the table
surface and pointing upwards, and the z-axis is taken to be a right-handed system with the x- and the y-
axes. A circular ring of radius b (b < a ) is fixed to the base of the cylinder. A string is wound around
the circular ring and a mass point of mass m is hung at the other end of the string via a wheel. The string
between the circular ring and the wheel is parallel to the x-axis and the cylinder rotates and moves on
the table without sliding. Let x4 and y, be the x and y coordinates of the center of mass of the cylinder,
and y,, be the y coordinate of the mass point at an arbitrary time. At time t < 0, the cylinder and the
mass point are held stationary, and x, =0, ¥, = a, ¥, = 0 and the coordinates of the top point of
the cylinder P are (0, 2a, 0). When the cylinder is released at time t = 0, the cylinder moves along the
x-axis in the positive direction and the mass point moves along the y-axis in the negative direction.
Let 8 be the rotation angle of the point P around the axis of the cylinder at time ¢t > 0, as shown in
Fig.5 (c), and answer the following questions. Here, let g be the magnitude of the gravitational

acceleration, F be the frictional force acting on the cylinder from the table, T be the tension of the string,
and %M a? be the moment of inertia of the cylinder. Note that the masses of the circular ring, the string,

and the wheel are negligible, and the axis of the cylinder always points along the z-axis.

(1) Express xg, ¥, and yp, interms of a, b, and 6.

(2) Find the equations of the translational motion and the rotational motion of the cylinder. Also, find
the equation of motion for the mass point.

(3)Express 8 and x, for t > 0 intermsof M, m, a, b, g,and t.

(4) Find the angular velocity w of the cylinder and the magnitude of the velocity , of the point P
fort > 0.



Question No. 5: Basic physics (3,/3)
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Question No. 6: Basic mathematics (1,1)
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3.1 1 a 0 0
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a 0 0
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Consider the two matrices A = <—2 4 —1) and B = <0 b 1). Here, a and b are real
-2 -1 0

numbers. Answer the following questions.

(1) Find all the eigenvalues and their corresponding eigenvectors of the matrix A.

at* 0 0

(2) Show that B™ = < 0 bp* n- bn‘1>. Here, n is a positive integer and let 0° = 1.
0 0 b"

(3) Find real numbers a and b, an invertible matrix P, and its inverse matrix P~1 such that

P~'AP = B.

(4) Find A™. Here, n is a positive integer.
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