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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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(3) A2 A LDHD (z,y,2) = (0,0,h) ICBI2HREEDORZ X LMEEZRD &.

(4) I = sinwt DL &, ABIANVOFTEHBREV 2RDX. 2T, [H 3EH, w(# 0)iX
ARABEE, t 3HHTH3. ABILVAORMEBE I —RLARE2bDLL, TOFD
(z,9,2) = (0,0,R) KB BEEAVTGEAML TV, A4 V2B EROGHRIZBEY
T, BAOBREIZEEL TXW.
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Question No. 1: Electromagnetics (2/2)
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As shown in Fig. 1, a circular coil made of a lossless conductor is located above a circular
current /. The circular current I and the circular coil are parallel to the zy-planc and their
radii arc e and b, respectively. The center of the circular current I and the circular coil is
(z,y,2) = (0,0,0) and (z,y,2) = (0,0, h), respectively. The number of turns of the circular
coil is 1. An infinitesimal gap is on the circular coil and an induced voltage V is excited. The
circular current I flows along a closed path, C. A line element vector on C is dl. The directions
of the circular current I and the line element vector dl are shown in Fig. 1. The circular current
I and the circular coil are in vacuum. The position vector is . The permeability of vacuum is
to. Answer the following questions.

(1) Show Faraday’s law of electromagnetic induction and give its physical mecaning.
(2) The magnetic dipole moment m of the circular current I is defined as follows. Find m.

m=‘i[j(rxdz
2 Je

(3) Find the magnitude and direction of the magnetic flux density at the center of the circular
coil (z,y,z) = (0,0, h).

(4) Find the induced voltage V' of the circular coil when I = Ipsinwt. Here, Iy is constant,
w(# 0) is the angular frequency, and t is the time. The magnetic flux density inside the
circular coil is assumed to be uniform and can be approximated using the value at the
center (z,y,2) = (0,0,h). During calculation of magnetic flux penetrating the circular
coil, the infinitesimal gap can be neglected.
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Question No. 2: Electrical circuits (1/2)
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Fig. 2 IZRTERBIZOWVWT, UTOMICE XL L. RABROBEILE [V], BROA BRI
w [rad/s), $EHIZ R, R, [Q), BCA Y F 7 F U RAX Ly, Ly [H], BEA V¥ 27 # R M [H],
AVE—F U RRFIXZQ) THD. T, BWF c-dBOBBEIZV, [V] THY, 1 REIFEH,
2 KEBRMEFHRNDEREENENL, LAl T 5.

1) THESHEREZRYE.

() 2 RERROMHETF c-d BEE/ L= &, B T 28R L, OB |LI/|L] %
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3) 2 KEIRRDOMEF c-d BIZOWT, ZZBRYVBRWTHRKALELLE, BREEEIIHTS
MEBEEV,DEERILI/IEIZ2KRD L. 727 L, RR=10[QLR,=5[0),L, =
10 [mH], L, = 5 [mH], M = 5 [mH], w = 1000 [rad/s] T 3.

@) BFabBMSREANS v E—F L RZ,y =E/l; #0,L,,L2, M, Ry, Ry, Z TRDOE.
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Question No. 2: Electrical circuits (2/2)
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Answer the following questions regarding the circuit shown in Fig. 2. Here, the voltage of the power
source is E [V], the angular frequency of the power source is w [rad/s], the resistances are Ry, R, [Q],
the self inductances are Ly, L, [H], the mutual inductance is M [H], and the impedance element is

Z [Q]. The voltage between points ¢ and d is V, [V] and the electric currents on the primary and
secondary sides are I,, I, [A], respectively.

6]
@

€))

@

)

Show the T-type equivalent circuit.

In the case that the points ¢ and d are shorted on the secondary side, express the electric current
ratio of the electric current on the secondary side I, to the electric current on the primary side
Ii, |I;1/|L4], by using w,L,M, and R,. And calculate the value of |I,|/|/;] when w =
0 [rad/s].

In the case that Z is removed and the points ¢ and d are open on the secondary side, calculate the
voltage ratio of the open circuit voltage V, to the voltage of the power source E, |V,|/|E|. Here,
R, =10[Q],R, =5[Q],L, = 10 [mH],L, = 5 [mH], M =5 [mH], and w = 1000 [rad/s].
Express the input impedance Z,, = E/I; between points a and b by using w, Ly, L, M, Ry, R;,
and Z.

Inthe case that Z is the ideal capacitance C [F] on the secondary side and the angular frequency
of the power source on the primary side is wg =1 /\/LZ_C [rad/s], express Z,, by using
wg, L1, M, Ry, and R,. In addition, show that the phase difference between I; and I, is equal to
n/2 [rad].
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Question No.3: Basic information science 1 (1/4)
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T20D%Z AV b AB,C,D,EF,G»5HElEh3, Fig. 3(a) DL 572 LED RndakeEX
5. =L, EDEIBARCHLTS, AV N GCREBATHY, E7AV N FIIERE
ThH5.

ZoxRTEL, TEED3I Y POAN (x,y,2) = (0,0,0), (0,0,1), (0,1,0), (0,1,1), (1,0,0),
(1,0,1), (1,1,0) &2 U T Fig. 3(b) k> RHHEEFNENEZXDE. ZDEE, AN (z,y,2)
ZHUTES AV i€ {A,B,C,D,E} RDOFHIX1, ADFEIZ02HAT 5REEKE
filz,y,2) €T3, 12EU, AH (z,9,2) = (LLD)IEXFY N TH Thbb, EOL5%2HH
2EEXTHRW.

ATORIZEX &.

(1) 5 2 DMBEK fi(x,y,2),i € {A,B,C,D,E} DEBHR 2B E &.

(2) BEBEH fa(z,y, 2) DRMBHHOBER L IMEELORER % K0 &. Ak, BE
BAS fr(z, y, z) DRFIBMEHORER L IFEEHBORBR % K &

(3) AB (z,y,2) U THA (Ffe(z, 9, 2), fe(r,¥,2) 25X 5 3 AH 2 HbhwEREKZ, 2
AJ1 AND, 2 A5 OR, NOT O 3EBEORBRFOAZAVWTHEEE L. XL, &
#FiEFig. 3(c) DL D ICKRBL, BIBIFEATIRFHRIITESIMI DT B L.

(4) AB (z,y,2) TR UTHN fo(z,y,2) 5% 5 3 AH 1 HAHREERRK%, 3 A/1 NOR D
BWERFOAEAVTHEBT L. 22U, REEFEFig. 3(c) DX S ITRELL, BEFIE
AT 3RFBUITEZMPRLTEI L.



Question No.3: Basic information science 1 (2/4)
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Always G Always
white @ black
Fig. 3 (a)

INPUT (x.».5): (0,00) (0,01) (0,10) (0,1,1) (1,000 (1,01) (1,10
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OUTPUT:

Fig. 3 (b)
2 input AND 2 input OR 3 input NOR

Fig. 3 (¢)



Question No.3: Basic information science 1 (3/4)
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Consider the LED display shown in Fig. 3(a), which consists of 7 segments A, B,C, D, E, F,G.
Here, for any input, the segment G is always white, and the segment F is always black.

The display gives outputs as shown in Fig. 3(b) according to 7 kinds of 3-bit inputs
(z,y,2) =(0,0,0), (0,0,1), (0,1,0), (0,1,1), (1,0,0), (1,0,1), and (1,1,0), respectively. Let
fi(z,y, z) be a logical function that outputs 1 if segment ¢ € {A, B,C, D, E} is black and 0 if
it is white for input (z,y, z). Here, the input (z,y,2) = (1,1,1) is a “don’t care term,” i.e.,
it can give any output.

Answer the following questions.

(1) Show the truth table for the five logical functions f;(z,y, 2),7 € {A,B,C,D, E}.

(2) Show the logical expression of the logic function fg(z,y,z) in the minimum sum of
products form and in the canonical product of sum form. Similarly, show the logical
expression of the logic function fg(z,y,z) in the minimum sum of products form and
in the canonical product of sum form.

(3) Construct a 3-input 2-output logic circuit that gives output (fz(z,y, 2), fe(z,y, 2)) for
input (z,y, z) using only 3 kinds of the logic elements: 2-input AND, 2-input OR, and
NOT. Here, the logic elements should be represented as shown in Fig. 3(c), and the
number of logic elements used in the circuit should be as small as possible.

(4) Construct a 3-input 1-output logic circuit that gives output fg(z,y, 2) for input (z, y, 2)
using only the 3-input NOR logic elements. Here, the 3-input NOR. logic element
should be represented as shown in Fig. 3(c), and the number of logic elements used in
the circuit should be as small as possible.



Question No.3: Basic information science 1 (4/4)
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Question No. 4: Basic information science 2 (1/2)
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(1) m 2 EQOBHE B, 2mBEOEWCRERBHAIDE. 2055 m BOHEHES A, 12 FIE
CHMEN TV 3. B D m BOMEHES Ay IRIECHNE LTV 3.

A Y A DSEEZIRYHBLT, TXTOMEMARICK S X 5I12EF B IEAT 32FHEE
23, BRERRGERN OM) TH 3 X 5 RFEEMRIRE.

(2) nAOEWERZHEBBREIIZESC 2EZXS. 2EL, n=22ThY, pRIEDE
BTd3. BOorOERLES CITMZET, BRED n OESEZ —2F IFEHEBERL LTH
BALT&W.

(a) Q) DFEZAVT, BFIC EAIhEZRIRCBITIZL2EZ5. BE
R E R O(nlogn) TH 3 X 5 RBFIFIEE, @BRICHBEE XK.

(b) (a) DFIROBBHRFMETERD O(nlogn) & 2 38h%, MRICHAE X.

(3) k R EDBMY BL. HBLVWERBROPT, kEOEWRL3EZEX 3. ZhbDfd
BEFICBRERTVWE DL T 5.
IMODENDZEREEZMW-LTWR L E, BRY - 2HWEZ LT, HOMMDIRFIC
®RoF, EEQUREOK) TEITAZ LN TES. KEHERESOK) 23 X34%E
Hr—oRE.



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

(1)

2

Let m be a positive integer. There exist 2m values which are different from each other. m
valucs out of them are stored in an array A; in ascending order. The remaining m values
arc stored in an array A» in ascending order.

Consider a procedure for taking all the values out of A; and As, and storing them in an
array B so that all values are in ascending order. Explain briefly the procedure whose
worst-case time complexity is O(m).

Consider an array C holding n values which are different from each other, where n = 2?7
and p is a positive integer. Only one array whose length is n can bc used as a working
space in addition to some variables and the array C.

(a) Consider sorting the values stored in the array C in ascending order using the proce-
durc in question (1).
Explain briefly a sorting procedure whose worst-case time complexity is O(n logn).

(b) Explain briefly the reason why the worst-case time complexity of the procedure in
(a) is O(nlogn).

Let k be a positive integer. Consider k& values which are different from each other in a
large domain of definition. Suppose these values are stored in an array.

When these values satisfy a certain condition, it is possible to sort thc values in lincar
time O(k) by using Radix Sort regardless the initial order of the values. Show a condition
in which the time complexity becomes O(k).



Question No. 5: Basic physics (1,/2)
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Fig. 5@IZTT L OIC, BROER T 38BN, EI s THROEHATES 24800 HTK
ERRHENLOBENTNS. BESY TIFTWB 2 KOV LIXFETT, BIXBIZKFETHS.
BoOmSIZ, BEmDEAABLIVBNR, REIVITHROERTEZLIVHTENRENLD
DTFFBNTWA. Fig SOICTRT L HIZ, BRLIUVERD xy @A TERTIHEICONT
£25. BEOVTTITOWA0LBMETHESM (-yHmE) LRTAER2, ERABX
VB AR—yFHERTRNAEZFNFh g BL Ul L, p=9¢,— 0 B, £, HR
ABIUBOKESM (x FH) OEMEEFATN x, BLUx,, EHMEE (—yFHmA) OX
XX%gLTB. ZITCO0MITHY,sind=0FBXUcosh =1LERTES. /2, ¢4,
0 BW/NTH Y, RRIGELUTE S bD LTS, UTOMIZEZX L.

) BEABLUBOEBFERNEZRD L.

Q) BOEEBNEBRTER L X, BOEBIIINBNITHVED. ZOK, 0L, BLWe, &
OEFRERD XK.

B) TNRDEHEELY o=@, — 0, BI U LT 3. g BLRIZENTNIZHT D EEAIR
B (BAARDE o, BEIQPwpRbL. Tk, 0, BEU w0 K/MBFRETRL, £0
BHEEEICIRTE L.

4 0=0L L7=BE, BLWGe=0L LEBBADENRETNRIZOWNT, 6, @1, ¢, DREELD
B & 7T 712 kE.
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Question No. 5: Basic physics (2,/2)
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As shown in Fig. 5 (a), a rod of negligible mass is suspended from a horizontal ceiling by two strings of
length a and negligible mass. The two strings suspending the rod are assumed to be parallel and the
rod is always horizontal. At each end of the rod, the mass points A and B of mass m are suspended by
a string of length [ and negligible mass, respectively. As shown in Fig. 5 (b), consider the case where
the rod is moving in the xy-plane. Let the angle of the string suspending the rod with respect to the
vertical downward direction (—y direction) be 8, the swing angle of the mass points A and B with respect
to the —y direction be ¢, and ¢, , respectively, and ¢ = @, — @,. Also, let the displacements of the
mass points A and B in the horizontal direction (x direction) be x; and x, , respectively, and the
magnitude of the gravitational acceleration (—y direction) be g. Here, 8 is assumed to be small and can
be approximated as sinf =~ 6 and cosf = 1. ¢, and ¢, are also assumed to be small and can be

approximated in the same way. Answer the following questions.

(1) Find the equations of motion for the mass points A and B.

(2) When the mass of the rod is negligible, the forces acting on both ends of the rod are balanced. Find
the relationship among 9, ¢, and @,.

(3) The reference coordinates of this system are ¢ = ¢; — ¢, and 6. Find the reference angular
frequencies (natural angular frequencies) w, and wg for ¢ and 6, respectively. Obtain the
relationship between the magnitudes of w,, and wg, and discuss the reasons qualitatively.

(4) For the two cases of 8 = 0 and ¢ = 0, sketch the dynamics of 8, ¢, and @, on a graph.
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Fig. 5 (a) Fig. 5 (b)



Question No. 6: Basic mathematics (1,/2)
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(1) 750 A4=|-1 =2 1| xonTE23. UTFToMicKx k.
0 0 1

@) ADTRTOBFME, FCHETIEARS brERD X,

(b) FTFNZBET B FRBRK, A2 +ad>+bA+cE=0 DFERa b cERD L. 7=7EL, EiX3
1T 3 IO BALITH, O IXFEITHITH 5.

©) FTHN A+ A2 - A2+ 44 - SE ZFER k.

(2) B f(ODT 77 AERE F(s)=2[f() ]sj:e'-"f(t)dt 75 UTOMICEL L.

a

bsfa
@2 f (at+b)] =2 {F(i)—j:e"‘”"f(t)dt}J:tr:é:):za‘:ign‘. ZIT, a>0. 7=,
a
at+b<0DLE, flat+b)=0TH5.

(b) EXEZRANT, UTOEHSHER,

f(t+2)=3f(+D)+2f ()=t (r20)
f(r)=0 (0srs2),

BT fOICRT S F(s)ZRD X.



Question No. 6: Basic mathematics (2,/2)
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1 2 0
(1) Consider the matrix 4=[-1 -2 1 Answer the following questions.
0 0 1

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

(b) Find coefficients a, b, and ¢ for a matricial equation 4> + a4? + b4 + cE = O. Here, E is the
3x 3 unit matrix and O is the zero matrix.

(c) Calculate the matrix of 4* + 43> — 42 + 44 - 5E.

(2) Let F(s)=2[f () ]= I: e f(t)dt be the Laplace transform of the function (7).

Answer the following questions.

bsfa
() Show that @[ f (ar +b)]=> {F (i)— J"’e"’/" f(t)dt} .
a a 0

Here, a> 0. Also f(at + b)=0, where ar + b <0.

(b) By using the above formula, find F(s) of f(#) satisfying the following difference equation,

F(+2)-3f(@+D)+2f(t)=t (t20)
{f(t)=0 (0=1<2).



