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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 (1,72)
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Question No. 1: Electromagnetics (2,/2)
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As shown in Fig. 1, there is a concentric spherical capacitor in a vacuum consisting of a
perfectly conducting sphere 1 with a radius of a and a perfectly conducting spherical
shell 2 with inner and outer radii of b and c (¢ > b > a), respectively. The inside of the
concentric spherical capacitor (between 1 and 2) is a vacuum. Answer the following
questions, when the conducting sphere 1 and the conducting spherical shell 2 are
supplied with electric charges @, and &,, respectively. Here, let r be the coordinate in
the radial direction, with the center O of the conducting sphere 1 and the conducting
spherical shell 2 as the origin. The permittivity of the vacuum is &. In addition, with
respect to the potential at infinity (at infinity, the potential is 0), let V, be the potential
on the surface of conducting sphere 1 and V. be the potential on the outer surface of the

conducting spherical shell 2.

(1) Find the magnitude of the electric field, E(r), in each of the regions r <a, a<r <b,
b<r<cand c <r, using Gauss’s law.

(2) Find the potentials V, and V..

(3) Derive the potential ¥, when only the conducting spherical shell 2 is grounded (V. =0),
and find the capacitance C of the concentric spherical capacitor.

(4) On the other hand, express the potential V. in terms of &, @,, a, b, and ¢ when only
the conducting sphere 1 is grounded (¥, = 0). Also, find the capacitance C’' of the

concentric spherical capacitor.

Fig. 1



Question No. 2: Electrical circuits (1,72)
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(1) Fig. 2()PEIBIZ R\ T, RMBEFBOBHIZL J [A], BT abBOBEIZ V [V], 1
—FURAXZ=2Q, Z, =12 QThH5. Bifi ] i3, WHIERICEVER I, L, [A] =
SWEND. B ] OEDEIL 2 ATHD. BE ] 27 =—FORELTE. I, L, O
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(2) Fig. 2(0)DEIBBIZB N T, RREFROBHIL J [A], BF a-b BOEEIX v [V], EHIZ
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Question No. 2: Electrical circuits (2,72)
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(1) For the circuit shown in Fig. 2(a), the current of the AC current source is / [A], the voltage between
terminals .a and b is V [V], the impedances are Z; =2 Q and Z, =j2 Q. The current J is
divided into currents I; and I, [A] in the parallel circuit. The effective value of the current j is
2 A. The current ] is the reference phasor. Draw the phasor diagrams of I; and I,. In addition,

calculate the effective value and the phase of the voltage V. Here, j is the imaginary unit.

(2) For the circuit shown in Fig. 2(b), the current of the AC current source is J [A], the voltage between
terminals aand bis V [V], the resistance is R [Q2], the inductance is L [H], the capacitance is C
[F], and the angular frequency of the AC current source is w [rad/s]. Answer the following
questions:

(a) When terminals ¢ and d are shorted, the phase of the voltage V leads the phase of the current
J by m/4 rad. Express w intermsof R, L,and C.Here, w > 0.

(b) When a resistor with resistance Rg [Q] is connected between terminals ¢ and d, the phase
difference between the voltage V and the current J is 0. Express Rg interms of w, L, and
C.Here, 0 < w < 1/VILC.

(3) For the circuit shown in Fig. 2(c), the current of the AC current source is / [A], the voltage between
terminals a and b is V [V], the resistance is R [Q], the self-inductances are L; and L, [H], the
mutual inductance is M [H], the capacitance is C [F], and the angular frequency of the AC current
source is w [rad/s]. The current J is divided into the currents I;, I, and I3 [A] in the parallel
circuit. Assuming I, = 2I;(#¥ 0 A) and 0 < M < 2L, — L,, answer the following questions:

(a) Express w using the necessary terms from: R, L, L,, M, and C.Here, w > 0.
(b) Express the admittance of the circuit Y (= J/V) [S]interms of R, L;, M, and w.
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Question No. 3: Basic information science 1 (1/2)
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€0,C1,02,C12, 1, 2, - - ., T € {0,1} BE X, - +,0,7 1, ThEIRER (AND), BREN (OR),
HEfbEOERERA (EXOR), BF (NOT) OHEZRT LT3, n EEGRIERM f(z1,72,...,20) D
B (V—F- -25-—) E#EFLIX, FEYVTF5104»5R32HEZHMNAENOBETRL
2RTH3. A, 2 THRBENOBMIEELO—BHIE 4 DDER co, 1, 02, c12 ZETVRRA
i3,

flz1,22) = co®c1-T1 D c2-T2 © C12°T1°T2 (34)

CORDEERICOD 122EZ 2T, 2EHHRBEEMEE 2. UTOMIZEX L.
(1) 3 EHGREBE f (21, 72, 73) DRMFEHO—RE2EX 3.

(a) ZO—BIFIIZ, WS ODEHHEENSH.

(b) ZO—REEMRTZ2EBRDS> S, 0ROFE EHEEELVWEH) ODERZ o LT
3. o CEATAUTOMEDABEAEL, RHlY L BHITRE.
(i) £(0,0,0) =0 2 SIEXHEIZ co=0TH5.
(i) £(1,1,1)=126EHITc=1TdH3.

(2) 2 ZHGREBB f (1, 22) WOWTERS., f(z1,20) D1y WKHERELTWA LR, Hd €
{0, 1} BEEL, £(0,22)® f(1,22) =1 BBUTZILTHB. 22€ {0,1} THB7H, T
NEIRXATEVRILONS.

(f(0,0)@ f(1,0)) + (f(0, ) & £(1,1)) =1 (3B)

FREIZ, flo1,z2) Bz ITHRBELTWB LI, B3 € {0, 1} BHFEL, f(21,0)0f(x1,1) =
1 BB TBILTHB. f(r,02) B 2,220 DEBELRKBEELTNWB L E, UIFTIRED
BE%UE JEMEIR 2 BRI 5.

(a) HR% 2 MR 2 ERRABOEHZEX L.

(b) f(x1,z2) HIEHHE 2 BHBIMTH 2 =D ORBETDEEE, I (3A) DEHK co, 1, 02,12
oML AERTRE. BHABVRT I L.



Question No. 3: Basic information science 1 (2/2)
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Consider cg, c1, ¢, €12, 21,Z2, ..., Zn € {0,1}, and let -, +, ®, ™ respectively denote logical con-
junction (AND), logical disjunction (OR), exclusive disjunction (EXOR), and negation (NOT)
operations. The ring-sum (Reed-Muller) canonical form of an n-variable Boolean function
f(z1,22,...,z,) is a formula synthesized by exclusive disjunction of product terms of only
positive literals. For example, the general form of the ring-sum canonical form of a 2-variable
function is given by the following equation, including four constants cy, ¢1, c2, and cj2.

f(z1,22) = co P e1-x1 D c2- T2 B €12-T1 - T2 (3A)

Assigning 0 or 1 to each constant in this equation determines a 2-variable Boolean function.
Answer the following questions.

(1) Consider the general form of the ring-sum canonical form of a 3-variable Boolean function
f(z1, 22, 73).

(a) Give the number of constants in this general form.

(b) Among the constants in this general form, let ¢y be the constant of the Oth degree
product term (the term that does not include any variables). Determine whether the
following propositions about cg are true or false, and justify your answers.

(i) If £(0,0,0) = 0, then always ¢g = 0.
(i) If f(1,1,1) =1, then always cp = 1.

(2) Consider a 2-variable Boolean function f(zj,z2). f(z1,x2) is said to depend on z; if there
exists zo € {0,1} such that f(0,z2) @ f(1,z2) = 1 holds. Since z; € {0, 1}, this equation
can be rewritten as follows.

(f(0,0)® £(1,0)) + (f(0. ) & £(1,1)) =11 (3B)

Similarly, f(z,z2) is said to depend on z if there exists z; € {0,1} such that f(z1,0) ®
f(z1,1) = 1 holds. If f(x;,z2) depends on both z; and z2, we hereafter refer to the
function as a nondegenerate 2-variable function.

(a) Give the number of distinct nondegenerate 2-variable functions.

(b) Give the necessary and sufficient condition for f(x1,z2) to be a nondegenerate 2-
variable function in the simplest sum-of-products form of the constants ¢y, ¢1, c2, and
c12 in equation (3A). Show also the derivation process.



Question No. 4: Basic information science 2 (1,72)
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UTFToORIizZ& %2 L. 7-7FL, A B, C, D, EidES*ET.

() ffA>BE2ADBLB~DERLL, LBV ACAICHL fA)={b|lb=f(a) 725
a €A BIFE} T 5.
(a) EEDAL,A, CAIZHL, f(4,NA4)C FAD)NF(A) PRV IISZ & ZEEHAY K.
(b) f(A1NA) #fADNF(A) LB FRIVALACADRER*E 2 k.

(2 B f:A>B, g:B->CitxtL, BERge f1A->CEREZD. I-7EL, EEDa€AlZ

HLgef(@=g(f@)&¥s.

@ fLgBlbbb1x1NER (BH) THHLE, gofliIl N1 0ERTHHZL
FAEAY L. 22T, BRRDoEN 1 1 0OERTHD LI, FEDI,,d, €D
L R(d)=h(dy) = dy=dpy BRRYVILDZETHS.

b FgBELLLE~DER (&) THBLE, gofIZE~DERTHHZ LEE
AEL. 22T, BBRD>ENE~DEBRTHIEIE, He€EIZXH LA =e
LRBAdEDBFETIILEVD.



Question No. 4: Basic information science 2 (2,72)
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Answer the following questions, where A, B, C, D, and E denote sets.

(1) Let f:A—> B be a mapping from A to B, and let f(A") ={b]|thereexists a €
A’ suchthat b= f(a)} forany A’ € A.
(a) Provethat f(A; NA4;) € f(4,) n f(A;) holds for any 4,,4, € A.
(b) Give a concrete example of f and Ay,4; € A suchthat f(4; NA;) # f(A1) N f(Az).

(2) Consider a composite mapping g e f:A = C for mappings f:A - B and g: B — C, where

gef(a) = g(f(a)) forany a € A.

(a) Prove that g o f is a one-to-one mapping (injection) when both f and g are one-to-one
mappings. Here, h: D = E is said to be a one-to-one mapping if h(d,) = h(d;) = d; =
d, holds for any dy,d, € D.

(b) Prove that g o f is an onto mapping (surjection) when both f and g are onto mappings.
Here, h:D — E is said to be an onto mapping if, for each e € E, there exists d € D such
that h(d) = e.



Question No. 5: Basic physics (1,72)
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NERaOABEZRLE L 230E TESICEB LAV 0 GEAME) %, YEALERE,

KEZRBDEIIZKIZEAEL, ZORAICEREDb (b<a), BEEmO—RREEDOKE LS.
RERZ t = 0BV THEMNTIIR LIS, BRBTREZL2<ENDS L EOERIZONWT
UTORICE XL X, BROF.OC 2@ b L (CEREARFE TEAEB L UKL - -Bim
K% Fig. 512R%. 22T, RO PLEL EiHY, OCHEETME L2 TAERX LT
5. £, WETRESOEAMEENOKE S, g, KBEETIAEELY 0L T5.

() BROPLC EZBAIAWOEFDLY DBMEET—AL M IR
_2 .,
I—Smb
LB L ETFE.
(2) ROPLCITO ZHLE L-MEEZT 3. ZOMESHOERFMOEE vERD L.
8) BB LEHICEHT HEH RN, BLXUOKROREGIZET 2 ESHFEXEZ Y. ZIT,

REFAM L OEMRUTBTOSBRNIOKREIEZFLE L.
@ DewnBFERD L. E72, BRAOKE S FERDL.
(6) ORI RBHE, ROEBIFBEB L 725 = & 7Y, 272, TORBOBAMTERD L.




Question No. 5: Basic physics (2,/2)
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A cylinder of inner radius a cut in half in the plane containing the central axis L (semi-
cylinder) is fixed to the floor with the cut surface facing up and horizontal, and a sphere
of uniform density with radius b (b < a) and mass m is placed inside the semi-cylinder.
Answer the following questions about the motion of the sphere as it rolls without sliding
when it is gently released at time t = 0. A cross-sectional view of the semi-cylinder and
sphere cut by the plane perpendicular to the central axis L and passing through the center
C of the sphere is shown in Fig. 5. Here, the point O is on the central axis L, and the angle
that OC makes with the vertical downward direction is 6. Furthermore, the magnitude of
the vertical downward gravitational acceleration is g, and the angular velocity of the

rotation of the sphere is w.

(1) Show the moment of inertia I of the sphere around the axis passing through its center
C is given by
I= %mbz.
(2) The center C of the sphere moves in a circle around O. Find the velocity v in the
direction tangential to this circular motion.
(3) Show the equation of motion for the motion of the center of gravity of the sphere and
the equation of motion for the rotation of the sphere. Here, let F be the magnitude of

the frictional force acting at the point of contact between the sphere and semi-cylinder.

dé

(4) Find the relation between o

and w.Furthermore, find the magnitude of the frictional

force F.
(5) Show that the motion of the sphere is a simple harmonic oscillation when 8 is small.

Furthermore, find the period T of the oscillation.




Question No. 6: Basic mathematics (1,71)

2023 4 8 AEME
ME6 MWFER
(1BEB/1E%)

ARTEERT FNVERBR* D4 >DRY by

1 2 0 1
_10 |1 _l|1 -1
a=|, b= 1 '€= ,d= 1
1 0 1 -1

¥EZz2%. UTOMIZEZX.
(1) ZThoDR7 b bLRBEAN R ORETHZ Z LETE.
2 ZThodR7 FADIH, BVICERLTWARY M OEDLEDRD XK.
B alborTA%ERDL.
4 R* DERBEREEZVLORD L. 22T, ROZEREREED 4 >OEE~Y
MDD S B 2o0mER, TREAMIQ)TRDZ 2 2OX7 brOmELFEL LT
3.

Consider the following four vectors of the four-dimensional real vector space R*:

1 2 0 1
o\, [-1\ . _[1), [-1
a={, b=\ e={,)d=] 4
1 0 1 -1

Answer the following questions.
(1) Show that the set of these vectors is a basis of R*.
(2) From these vectors, find a pair of vectors that are mutually orthogonal.
(3) Find the angle between a and b.
(4) Find an orthonormal basis of R*%. Here, the orientations of two of the four basis vectors of the

desired orthonormal basis are equal to those of the two vectors found in question (2).



