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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: Electromagnetics (1/2)
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Question No. 1: Electromagnetics (2/2)

2021 % 8 B
iR 1 BEHEIFE
2EB. 28H)

Let us consider lossless parallel two conducting wires shown in Fig. 1. The conducting wires
are cylindrical. One of the conducting wires is #1 and the other one is #2. The conducting
wires are in vacuum and the lengths are infinite. The radii of the conducting wires are a and
the spacing between centers of the two conducting wires is d (>> a). The permittivity and

permeability of vacuum are €y and pg, respectively. Answer the following questions.

(1) A static charge is uniformly distributed in the parallel two conducting wires. The line

charge densities of the conducting wires #1 and #2 are +7 and —7, respectively.
(a) Find the magnitude and direction of the static electric field at a point P between the
conducting wires (a < z < d — a).
(b) Find the electrostatic capacitance C' per unit length of the conducting wires.

(2) A stationary current along the y-axis uniformly flows in the parallel two conducting wires.

The currents of the conducting wires #1 and #2 are +1 and —1I, respectively.
(a) Find the magnitude and direction of the magnetic flux density at a point P between
the conducting wires (a <z < d — a).

(b) Find the inductance L per unit length of the conducting wires.

(3) Using C from the question (1)(b) and L from the question (2)(b), find the value of \/%

and describe the physical meaning.




Question No. 2: Electrical circuits (1/3)
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Question No. 2: Electrical circuits (2/3)
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(1) Answer the following questions regarding the circuit shown in Fig. 2(a). Here, the root-mean-
square value of the voltage source is |E| = 100V, the angular frequency of the voltage source is
w = 100m rad/s, the electric current flowing in the circuitis I = |I| e/® (-m/2 = 6 = /2) [A],
the inductance is L = 1/(10m) H, the resistance is R =8, and the capacitance is C =
1/(200m) F.

(a) Calculate |I| and 6 of the electric current I.

(b) Calculate the effective power P,, reactive power P, and power factor cosf of the whole
circuit.

(¢c) To obtain the power factor cosf = 1, the capacitance Cg is connected between points a and
b of Fig. 2(a) in parallel, as shown in Fig. 2(b). Find the value of the capacitance Cs.

(d) In the case of question (c), find the electric power consumed by the resistance component of
the whole circuit of Fig. 2(b). Furthermore, in Fig. 2(b), assume the electric current is Ig. Draw
the phasor diagram of E (as a reference phasor), I solved in question (a), and Ig. For the
phasor diagram, indicate the values of |E|, |I|, |Is|, and 6 and clearly describe the relation

between [ and Is.

(2) Answer the following question regarding the bridge circuit shown in Fig. 2(c). Here, the self
inductances are L; = 24 pH and L, = 30 pH, and the resistances are Ry = R, = R3 = R, =
50 Q, and R = 100 Q. When the electric potential difference between points a and b is zero, find

the value of the mutual inductance M.



Question No. 2: Electrical circuits (3/3)
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Question No.3: Basic information science 1 (1/2)
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Question No.3: Basic information science 1 (2/2)
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Let X be any Boolean lattice, that is, any distributive complemented lattice. Let V and A
denote the join and the meet operations on X, respectively, and for each x € X let -z denote
the complement of z. 0 and 1 denote the identity elements of the join and the meet, respectively.
Let £ be the family of all nonempty subsets F' of X which satisfy the following conditions (3A),
(3B), and (3C):

(8A) zVy € F for any z € F and any y € X;
(3B) z Ay € F for any z,y € F; and
(3C) 0¢ F.
Answer the following questions.
(1) Show that any set F € £ contains 1.
(2) Show that for any set F € & the following conditions (a) and (b) are equivalent.

(a) For any z,y € X, x Vy € F implies eitherzx € Fory € F.
(b) For any x € X, exactly one of z or -z belongs to F.
(3) Let F,Fy,...,F, € & and assume that F satisfies the conditions (a) and (b) in question

(2). Show by contraposition that if ¥ 2 Fy N --- N Fy, then F D F; for some index ¢
(1<i<n).



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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A binary tree satisfying the following Condition 1 is called a complete binary tree.

(Condition 1) All levels of the tree, except the deepest level, are fully filled with nodes. The
deepest level is filled with nodes consecutively from the left end to the right.

A complete binary tree satisfying the following Condition 2 is called a heap.

(Condition 2) The integer valuc stored in each node is greater than or cqual to the value stored
in each of its child nodes.

Answer the following questions.

(1) Show that the number of nodes, n, of a non-cmpty complete binary tree whose height is k
satisfies 2¥ < n < 2¥+1 — 1. Let the height of the tree having only onc node be & = 0.

(2) Show thc hcight of a complcte binary trec with n nodes in O-notation, and describe the
rcason for the answer.

(3) Consider removing the integer value stored at the root node of the heap shown in Fig. 4,
obtaining a new heap.

(a) Explain briefly a procedure for this process.
(b) Show the heap obtained.

(4) Consider removing all clements from a heap containing m integer values which are different
from cach other, and storing them in an array in ascending order.

(a) Explain briefly a procedure for this process.
(b) Show the time complexity of the procedure in (a) in O-notation, and describe the

reason for the answer.
(15) Level 0

(11) (13) Level 1

(5) (9) (1) (10 Level2
(2)()(4) Level 3

Fig. 4



Question No. 5: Basic physics (1,72)
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Question No. 5: Basic physics (2,/2)
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As shown in Fig. 5 (a), the mass points A and B of mass m are connected along the x-axis by three
springs Sa, Scand Sp, and the ends of Saand Sp are fixed to the walls. The mass points are in one-
dimensional motion along the x-axis on a smooth, frictionless horizontal surface. The spring constants
of the three springs are all k and the mass of the springs is negligible. Let the displacements of the mass
points A and B from the equilibrium points be x4 and xs, respectively. Answer the following questions.

(1) Find the Lagrangian L of the system. Also, find the equations of motion for the mass points A and
B.

(2) Find the reference angular frequencies (natural angular frequencies) w; and w, (w; < w,) of
the system.

(3) Discuss the motion of mass points A and B in the cases when the angular frequencies are w, and
w, obtained in question (2).

(4) Consider the case where an external force P coswgt is applied to the mass point A as shown in
Fig. 5 (b). Let the forced vibration responses of the mass points A and B be x, = X, coswgt and
xg = Xp oS wyt, respectively. Answer the following questions.

(a) Obtain X, and Xy intermsof P, k, m and w,.
(b) Sketch the graph of |X4| and |Xg| with respect to w,. Find the value of wy at which X,

becomes zero.

Fig. 5 (b)



Question No. 6: Basic mathematics (1,72)
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-1 1 0
(1) 4781 A=| -1 2 —1| IZ2OWVWTHZ 5. LTOMIZEx L.
0 1 -1

(@) A DT RTOBAMHEE, THITKHET DEART FLERD L.
(mP%Wﬁﬂ%ﬁﬂmﬁéi5@Emﬁﬂpéﬁwf,P%@%iwgﬂmﬁ%ﬁ

I, T, nlZERETHS.
(c) A" %KD XK.

(2) 0 < x <27CERSINDBEK f(x)=xTxtL, 77—V =R

f(x)=%+i(an cosnx+b,sinnx) (0<x<2x)

n=1

EEZD. ZIT, anBED b1
a,= %J.Ohf(x)cos nx dx, bf%johf(x)sinnxdx.

THZbNG. UTFORMCEL L.

(a) a(;’i’ﬂ?y)i
(b) n > 1ICKH LT, a BEOS, 23k k.
() M@*B LTHGORREZMAL T, K,

0

zsinnx T—X

2=, 5 (O<x<27z)



Question No. 6: Basic mathematics (2,2)
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-1 1 0
(1) Consider thematrix 4=|—-1 2 —1|_Answer the following questions.
0 1 -1

(a) Find all the eigenvalues and the corresponding eigenvectors of 4.

(b) Find P~' 4Pand ( P! AP)n by using an invertible matrix P so that P~' 4P becomes a

diagonal matrix. Here, » is a natural number.

(c) Find 4"

(2) For the function f(x) = x defined in 0 < x < 27, consider the Fourier series expansion
a N .
f(x)= ?°+Z(an cosnx+b, sinnx) (0<x<27).
n=1
Here, a, and b, are given by
1 2z 1 2z .
a,= ;J.O f(x)cosnxdx, b,= ;J.O £ (x)sinnxdx.
Answer the following questions.
(a) Find ao.

(b) Find a,and b, forn > 1.

(c) By using the results of question (a) and question (b), derive the following equation,

S sinnx  w—Xx

" 3 (0<x<27z).

n=1
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