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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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BHEZEMcBI2EBREE J, EHEEp, ERE, MR H, EXREE D, MRFE B O
BRI AY 2VARBRRTEENS. ThEOBRERARBR w(#0) DEXETEINTS
b, BEZkoRRZERENS. BHEMOFER, EHBIITNThe, u THY, BHE
RIC BT BIEEUS ko THB. UTOMICEX K.
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(2) HYROBRBLCT VAT A 2 VOERVE IV CEREBE J & BHEE p OBIF
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(3) BHEMICEBIZER EHUTORTEEINTVS.

e"jkor

E=E, sin @

r

CTCTT, EQREHTDHS. r & 0 3ERERE (r,0,0) THB.

() COBREICHIET 3RA H ORELMEZRO L. RETHE, REDCHI 3
EBDRY IV A = (A, Ag, Ap) BT BLUTFORY FARARERANT L.

o [e,, . 8Ag] [ 1 A, 8 oo _ DA,
VxA [60(A¢sm0)— 8¢ +r [sine 0¢ 5(7“4‘{’)]-'_7' [61'(er) 60]

rsinf

(b) TOBREFICHIST BEERS VT4V IAT MIVORIBLAEZRD X.



Question No. 1: Electromagnetics (2/2)
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The relationships between a current density J, an electric charge density p, an electric field F,
a magnetic field H, an electric flux density D and a magnetic flux density B in free-space are
described by Maxwell’s equations. Their time variation is described by a sinusoidal wave whose
angular frequency is w(# 0) and description of the time variation is omitted. The permittivity
and permeability of free-space are €p and up, respectively and the wavenumber in free-space is
ko. Answer the following questions.

(1) Show Gauss’s law and Ampere-Maxwell’s law respectively in differential forms.

(2) Using Gauss’s law and Ampére-Maxwell’s law, derive the relation between the current
density J and the electric charge density p and give its physical meaning.

(3) Electric field E in free-space is described by the following equation.

—jkor .
sinf 6

E=E

Here, Ej is a constant. r and 6 are spherical coordinates (r,6, ¢).

(a) Find the magnitude and the direction of the magnetic field H corresponding to the
electric field E. The following vector identity for an arbitrary vector A = (A,, Ag, 44)
in spherical coordinates can be used if necessary.

a

7 0 .
VxA=—— [%(A,ﬁsmO) -
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(b) Find the magnitude and direction of the complex Poynting vector corresponding to
the electromagnetic field.



Question No. 2: Electrical circuits (1/2)
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Fig. 2 DX 512 ¥ 7 2L, #RR, aUFUrYCOEFIEKEHSZ. 2 UFUrICREE
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Question No. 2: Electrical circuits (2/2)
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As shown in Fig. 2, there is a series circuit of iﬁductor L, resistor R, and capacitor C. The capacitor C

is charged and its voltage is Ej. The switch S is closed at time t = 0. Answer the following questions

within the range of t = 0.

(1) Show the circuit equation with the electric charge q(t) of the capacitor C as a differential
equation.

(2) Derive the characteristic equation for s with the special solution of the charge as gs(t) = e in
your answer in question (1), and find the root.

(3) When R% =4L/C in the characteristic equation of question (2), the general solution q(t) is
obtained as shown in equation (2A). Find the current i (t) and draw the outline (including extreme

value) of the current waveform.
- R, Rt
q(t) = CEge™ 2 (1 + - @A)

(4) In the case of question (3), find the energy consumed by the resistor R between0 < t < 0, and
show that this energy is equal to the electrostatic energy stored in the capacitor € at time t =0.If

necessary, use equation (2B).

[P ematgn—1gp = &2 (2B)

an

where, a is areal number and n is an integer.
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Question No. 3: Basic information science 1 (1/1)
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T1,T9,...,Tn € {0,1} 2L, -, +, ®, &, FALhREREE, RBAEE, PHbRREmn
HYE, BEHEETH 3. £8D n TEREBEE f(z1,22,...,2,) KL T, UTOEBRTRE
n3 fie f ORI L WS,

fd(121,:122,...,$n) = f(—z—lix_%)ﬁ)

TOrE, fA=fHRROIUTIE, fREACTNEHRTHEZ LV, fA=FAARVITE, fi2E
CRIEHTHZ VS, UTORIER k.

(1) T ORERMHE SRR TS 22, BEERNERTS 2%, WIRTLRVIEY
EL, BRr HITRE.

(@) =210z ® 3
(b) o=z T2+T1 22 -3+ 71 T2 T3

(2) fa(z1,22,...,2,) BEHOHRNEROBE, 20EFETHS f bHORNBEHcks %,
LT D ERR E AWV TIERY &.

(3) ERD n ZHGREEIM g ¥ h DR/PBIRS, EBD 21,22,...,2, ITOWT, g(z1,T2,...,%Tn) 2
h(z1,22,...,%,) TEBRINZLE, ZHLTHLOINEIEK gt ¥ i DANERIEEDE ST
235, Bl L HITRE.

Consider z,z3,...,Z, € {0,1}, and -, 4+, &, and ~are AND, OR, EXOR and NOT operators,
respectively. For an n-variable Boolean function f(z1,Z3,...,Zys), f¢ defined by the following
formula, is a dual function of f. )

fd(z].,x?a .. :xn) = f(ﬁ)fv—z$ .. 7.5;)
If f¢ = f is held, f is called a self-dual function. If f¢ = f is held, f is called a self-anti-dual
function. Answer the following questions. '

(1) Determine whether each of the following functions is a self-dual function, a self-anti-dual
function, or neither, and justify your answer.

(@) i=z1@z2D z3
(b) o=z, T2+71 -T2 T3+ T1 T2 T3

(2) When f3(z1,%2,...,%s) is a self-dual function, prove that f3 is also a self-dual function
using the above definition formula of a dual function.

(3) When the relationship between magnitudes of two n-variable Boolean functions g and h is
defined as g(z1, z2, . ..,Zn) > h(z1, %2, . .., Z,) for any 3,22, . .., Z,, show the relationship
between magnitudes of their dual functions g¢ and h?, and justify your answer.



Question No. 4: Basic information science 2 (1/2)
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HUTORICEZ .

(1) %388 g(n) BEX BRI L ¥, ZOWLERHE O(g(n)) RBMOBEL LTHUTOL S
FREND.

8(g(n)) = {f(n) : HBEDEH c1,c2,n0 BFHEL,
FTRTD n > np KKHLT 0< erg(n) < f(n) < cog(n)}

UTFDENFNOEE f(n) B O(n?) ICBT 20ENZEX, MHEX.

(8) f(n)=4in?-2n
(b) f(n) = 3nlogn? + 4n?

(2) Fig. 4 DEXMTEEA TS5 71CHVT, ERad b g KEZREEREZRD, RREL.

(3) Fig. 4 DEHFE|M I T 7 DRVNEEAZRY, BREL.

(4) BEROEEZERTBHOT—2#EREXS. NHEOBERNEZL N, ThEThOER
BROTFNDH—DDEBFITBLTWVS. TOTF—2BETR, EHRRETERD—DDER%E
HELT—DILELHBZTLNTES. HIBERNEAbhIzLE, ThHEIT2EE6%R
DI B - DRIFHERIX O(log N) TH 3.
AOBEHZBPTNTEDERTHB LS5 2 EADDL, VEDOEAN»LRSD & 5%, £ED
A=A B ERMTEEERAT T THHB. LTOMICEZ &.

(a) EASNIT—2EZAVT, REEHHR O(Elog E) TRSEAZRDZ 7V T
VALZHBALER. z BOERZEINT S0, REFTERD O(zlogz) DEREDT
W3V XLEBANTEW.

(b) (a) TRUET NIV ALORMEHERD O(Elog E) TH3Z L 2RE.




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

(1) Given a function g(n), the asymptotic notation ©(g(n)) is defined by a set of functions as
follows.

B8(g(n)) = {f(n) : there exist posifive constants ¢;, ¢z, and ngp such that
0 < c19(n) < f(n) < cag(n) for all n > ng}

Show whether each function f(n) below belongs to ©(n?) or not, and give a proof for each.

(a) f(n)=3in?-2n
(b) f(n) = 3nlogn? + 4n?

(2) Find and show schematically the shortest path from the vertex a to g in the weighted
undirected graph shown in Fig. 4.

(3) Find and show schematically the minimum spanning tree of the weighted undirected graph
shown in Fig. 4.

(4) Consider a data structure for representing multiple sets. N items are given and each item
belongs to one of the sets. This data structure allows merging an arbitrary pair of sets
into one in a constant time. When an item is specified, the time complexity of finding the
set which the item belongs to is O(log N).

Suppose there is a sparse, weighted, undirected connected graph consisting of E edges

whose weights are all positive real numbers, and V' vertices. Answer the following ques-
tions.

(a) Describe an algorithm for finding a minimum spanning tree in the time complexity
O(E'log F) using the data structure given above. Any algorithm whose time com-
plexity is O(z log z) for sorting z items may be used.

(b) Show that the time complexity of the algorithm in (a) is O(E'log E). -




Question No. 5: Basic physics (1,72)
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Fig. 5 @QITRT L 512, HWOAKRA (¥RBa, B0, TEEE) LHWWIELFIRB (1i02b,
BHLO0g, EHEEe) #E25. AIRAL EEHFIRBIL, 0,L05% 8D &4 OREIZHE2zHID

FbY ZEEELTNA.
(1) ARALESFHIRBOzEAD o Y DEME— AV M, gERD L.
(2) PFRALESHIRBOAFENRE 2wy, wpThHD L E, MIRAL EFHIRBE £ DA

EERL, LgxRD L.

(3) Fig. 5 MITTRT XS5z, HeAEEw,, wgTHEERL TW-MAIRALESFFRBIE
L, HBOAEECTEET S L) IC2ok. EROHE TAERRIIRFSL
53b0D¢L, wERDL.
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Question No. 5: Basic physics (2,/2)

2021 &£ 3 B £k
BIRE5 YEER
(2EB/28H)

As shown in'Fig. 5 (a), consider a thin disk A (radius a, center of mass Op, area density ¢) and a thin
square plate B (side length 2b, center of mass Op, area density o). The disk A and the square plate
B are rotating about the z-axis normal to the planes through O, and Og.
(1) Find the moments of inertia I5 and /g about the z-axis of the disk A and the square plate B,
respectively.
(2) When the angular velocities of the disk A and the square plate B are w, and wg, respectively,
find the angular momenta L, and Lg of the disk A and the square plate B, respectively.
(3) As shown in Fig. 5 (b), the disk A and the square plate B rotating at the angular velocities of
wp and wp are connected, and then they rotate at the common angular velocity . Find o
assuming that the angular momentum is conserved before and after the connection.

(4) In question (3), find the loss of kinetic energy due to the connection.

(@) z (b)
A z,
’a\.Q wa
Oa
/( <3 /)
— w
Q.)wB ¢ %

.B 0o S A+B
< 2b >

Fig. 5



Question No. 6: Basic mathematics (1,/2)

2021 &£ 3 A EjiE
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1 0 -1
(‘1)ﬁﬁu‘4=[o 1 -1] IZoNTEXS.
-1 -1 0

UTORICEZ L.

() A DTRTOEHEL, FRIZHETIEERS bLERD L.
(b) PAPRRATHICR2B XD RERTTSI P #—oRD K. ¥, ZRIZHETD

P'APERD K.

(2) BEfOPTTFSAEREF@E)=2[fO1£T5. =EL, s IFEFLK, ¢ 1TZHLTH»
D t20LTB. FTFTAEREAVTROBMOFTBRRNEZM L E2EX3B.

d*x
dt

St) +3 d’;(tt) +2x(t)=sin2t

ZIT, x(0)=020de(0)dt =0 ThHD. LLTFORIZEX L.

(@) Z[x()]=X(s)LBL & &, Z[dx()/dt]=5sX(s) BIOL[Fx(t)df 1= X(s)& 723 T

L EE T
(b) x(nERD XK.



Question No. 6: Basic mathematics (2,/2)

2021 £ 3 A=t
e 6 BPEM
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1 0 -1
(1) Considerthe matrix4A=| 0 1 -1].
-1 -1 0

Answer the following questions. )

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

(b) Find an invertible matrix P so that P AP becomes a diagonal matrix. Also find the
corresponding P AP .

(2) Let F(s) = Z[ f(#) ] be the Laplace transform of function £{1). Here, s is a complex number and ¢
is a real number satisfying ¢t > 0. Consider the solution of the following differential equation
using the Laplace transform.

d*x
dt
Here x(0) = 0 and dx(0)/dt = 0. Answer the following questions.
(a) Derive Z[ dx(t)/dt ] = sX(s) and L[ &x(1)/df | = s’X(s), where L[ x(t) ] = X(s).
(b) Find x(?).

S’)+3d’;£’)+2x(t)=sin2t .



