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Question No. 1: Electromagnetics (1,/2)
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Fig. 1 DAEER (r, ¢, 2) IZFT X HIZ, BEPICERaDEEMR B 722 5 FETHR
ayFUoYREB. 2HOARDOEBEdEL T 5. r—zFRAICRWT, —20RIBIDIES
Boasn (B8l %2, ToESRayFryobhoE (i) b orikmoEREonE
WKL BEIHCREBETS. 2T U HICARBRRoDTHREEV (L) = Vosinwt ZEINT 5 & &,
ROBCEZ XK. 277, 0<l<a-b, b<dTHhV, REPOFER, RUBEREETNE
ey, & 75.

(1) BREEJ, BRE, BRAHERAVWTHEROT VX7 —<v 7 AU = VOEAZMGIET
L, TOPEOEREMRICHEAYE L.

(2) Fig. 1 OFTAERIFUrHRIRELTWS, FITERICEEZ W (z8#5R) OBER
E,®)%RD L. R, FITFABRMBICAE L TWAEMBHRBEL,(O)BUTORTREND
L ETE EEL, HTARI VT UV OBRHBRIIERTEDZ LTS,

gVow
i(t) = 9 do coswt

@) 7T OBRAIL Y, BUEREE,()I E>TELS, rlEOBICRT 3oH RO
R REB, (1) 2 3Rd &

(@) EFFaA L 2he B BRORRD L. KIS, 2440 A—B BIMcRET 5 HER
BADKE 8RO E. 2L, HAYRY HTEREH OHTRROHBIBRTE 5
L5,

V(t) = Vpsinwt (’\,) d




Question No. 1: Electromagnetics (2,/2)
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As shown in the cylindrical coordinate system (r, ¢, 2) of Fig. 1, a parallel disk capacitor

consisting of two conductive disks with a radius of a is located in vacuum, where the

spacing of the two parallel disks is d. A square coil with a side length of b (number of

turns: 1) is installed in the r—z plane so that its left end is at a distance ! in the r axis

direction from the central axis of the capacitor (z axis). Answer the following questions,

when an AC voltage V(t) = Vysinwt with an angular frequency of w is applied to the

capacitor. Here, 0 <l < a—b, b <d, and the permittivity and permeability of vacuum are

g and pg, respectively.

oy

2

3

4

Describe the Ampére-Maxwell’s law in vacuum in differential forms using a current
density J, an electric field E, and a magnetic field H, and briefly explain its physical
meaning.

Find the electric field E,(t) perpendicular to the parallel disks along the z axis in
the parallel disk capacitor in Fig. 1. Furthermore, show that the displacement current
density i (t) generated between the parallel disks is described by the following
equation. The edge effect of the parallel disk capacitor is negligible.

goVow
i,(t) = 2 do coswt

From Ampére’s law, find the magnetic flux density By(t) in the ¢ direction at the
position [ on the r axis caused by the displacement current density i,(t).

Find the magnetic flux @ that penetrates the entire square coil. Furthermore, find
the magnitude of the induced electromotive force generated between the A and B
terminals of the coil. The influence of the interlinkage magnetic flux of the lead wires
is negligible.

V(t) = Vosinwt (’\,) d




Question No. 2: Electrical circuits (1/2)
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(1) Fig. 2@IZFRTEKIZONT, UTFTORMIEZ L. REBROEBEILV V], AFEFEKIT

2

w[rad/s] THY, BRONTEMIIER T2, BHREZJNADIEREI[A], BEHRRIZ

50[Q], = ANVLDAVFIFREZ 2[mH], 2Ty COF ¥ A ATVE R

10 [uF] TH 3.

(@ =10* [rad/s], V=100[V] D & &, T abRPLREANT RIF A Yy, &
WIaRDE, £z, BEVEZEEL LT, BEV EEBRIIZOWVWTT = —FRI%ZH
x, BIRIOMMBEEZRD L. LBEISCT, Bftan™ ZHWTIV.

(b) o % 10° 75 10* [rad/s] T TELI®H & &, BEV ZHEEL L, EAAIHE, Eh
fL¥, AEOEELRAWT, Bt OMEELEZRAT L. £z, HRFEARE f, 2R
¥, LIREFICHH R N5 ERZ, V,R L C D5 bUBEREHEHVWTERDLYE.

Fig. 20)0WRTEIIZONWT, UTOMIZE L L. ZMEBROBEILV, [V], AREHIX

w[rad/s] TH Y, BRONTIEIIERT . 2 2Oaf VOBEBA V¥ 7 2/ RiT

Ly, L, [H], #HEA ¥ 7 22X M[H], AFEIIR[Q TH5. £, 1 REREMAE

2 REIRRB D, T a-b H EWT c-d MOBEIZZENENV,, V, [V], NS ERITENE

ni, LA TH5.

(a) WFabBRbRIEANASVE—F VR Zyp%, L, Ly RM 0% ANWTERbt.

(b) TANVEOREEREDN 1 &%, 2 REBATHESNDBHNERD K. 2721,
V, =100 [V], @ = 106 [rad/s], R =10 [Q], L; = 10 [uH], L, = 20 [uH] T&® 5.

a 1, .

O O M O
2 R(] L% RN Lé %Lz v, [|&

b b a

Fig. 2(a) Fig. 2(b)



Question No. 2: Electrical circuits (2/2)
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(1) Answer the following questions regarding the circuit shown in Fig. 2(a). Here, for the power supply, the

)]

voltage is V [V], the angular frequency is w [rad/s], and the internal resistance is ignored. The electric

current is I [A], the resistance R is 50 [Q], the inductance of the coil L is 2 [mH], and the capacitance

of the condenser C is 10 [pF].

(@) In the case of w = 10* [rad/s] and V = 100 [V], calculate the input admittance Y, between
points a and b, and I. With V as a reference phasor, draw the phasor diagram of V and I, and
calculate the phase difference of 1. If you need, you can use the function of tan™.

(b) Inthe case w changes from 10° to 10* [rad/s], explain how the phase of I changes, by using
the terms: “leading phase”, “lagging phase”, and “in-phase”, where V is a reference phasor. In
addition, calculate the resonance frequency f;, and express the electric current flowing through the

resistance R at the resonance frequency, by using V,R,L, and C as necessary.

Answer the following questions regarding the circuit shown in Fig. 2(b). Here, for the power supply, the

voltage is V; [V], the angular frequency is w [rad/s], and the internal resistance is ignored. The self

inductances of the two coils are L,, L, [H], the mutual inductance is M [H], and the load resistance is

R [Q]. The voltages between points a and b and between points ¢ and d on the primary and secondary

sides are V; and V, [V], respectively. The electric currents on the primary and secondary sides are I;

and I, [A], respectively.

(a) Express the input impedance Z,;, between points a and b in terms of L, Ly, R, M, and w .

(b) In the case the coupling coefficient is unity, calculate the consumed electric power on the
secondary side. Here, V; = 100[V], w = 108 [rad/s], R =10[Q], L; = 10 [uH], and
L, = 20 [pH].

2 R[] Lg RN LI{EL2|V2 (]

(= i o]
(=2 e]

Fig. 2(a) Fig. 2(b)



Question No. 3: Basic information science 1 (1,/2)
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CorC1rCp Capp Xgs Xg s Xn € {0,1} THY, -, Vv, B, ~ 1%, TNENREBHRE, RETR
B, PHbARBREE, STEEEL TS, nEEGREBE f(x,xp ... x,) OEREZERICE
BLTHOMEBELLRVWEE, fERFRBEE VS, UTORMICEZ K.

() n B FRER OB Z 7.

Q) n BE KD 5> b, REBKTH 5BHOBKLTE. 2B, HEEEIIRMEZ
R TR LB 2 RU LOBEANRRWREBEETHY, RIMEEVIIEY 771
5725 ELXHHLARBEMTHRA L TR LERTHS. FIxiE, 2 BEREERK
g(x,x,) DERFMBHEFIIROFEAL 2D,

gxux) =co Dy X, Dy %, By %0 X,

G) n BEAHBEED 5D @ T - Tn) = [y, Xg oo, Xn) BIR - TEROREEZTE.
@) n EEHFEKD S5 L, LEVWEBETHZEEOBEETYE. 2B, LEVWEREEK
i1, n+ EOEHw,w,,..,w,, 0 IR LT, RATRATE IHREPHTHS.

o %) = {1, if wix, +wyx,+--+wpx, 26
12420 0 A0 -_

0, otherwise

6) n EEXHEED > b, EBEETHIEROBEETE. 2B, ERKIEKBEKT
H5H5, bLLREY T INADLRBMANHKEMTRIATE ZREBHTHS.



Question No. 3: Basic information science 1 (2,72)
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Consider ¢g, ¢y, €2, €12, X1, X2, .., Xn € {0,1},and let -, V, @, and ~ denote AND, OR, EXOR, and
NOT operators, respectively. An n-variable Boolean function f(xy,x,, ..., X,) is symmetric if it is

unchanged by any permutation of its variables. Answer the following questions.

(1) Give the total number of #-variable symmetric functions.

(2) Give the total number of n-variable symmetric functions that are linear. Note that an n-variable
Boolean function f is called a linear function if f does not include second- or higher-degree
product terms in the Ring-sum canonical form, which is an EXOR synthesis of product terms of
only positive literals. For example, a 2-variable function g(x,,x;) in this form is given by the

following equation.
gxpx)=co @y x1 By x,D €12 %1 X3

(3) Give the total number of n-variable symmetric functions satisfying the equation,
G X3, o0 Xp) = f(X4, X2, 000y X0).

(4) Give the total number of n-variable symmetric functions that are threshold functions. Note that an
n-variable Boolean function f is called a threshold function if f satisfies the following equation

for n 4+ 1 real numbers wy,w,,...,wy, 6.

_ {1, if wix; +woxy + -+ wpx, 26
f(xl, X2, ---lxn) - {0, otherwise

(5) Give the total number of n-variable symmetric functions that are positive functions. Note that an
n-variable Boolean function f is called a positive function if f is a constant function or can be

expressed in a sum-of-products form with positive literals only.



Question No.4: Basic information science 2 (1/4)
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RE N >2085 A= (A[l],--- ,A[N)) ORERICIRL3BEABMEINTWS. B AD
TONEBRESEIIBILEFRE P L Q ERDEIITTNTNERET 5.

o FiE P(i,j) 1%, B U A[i] < A[j] DIFE I TRUE, TS DIF AL FALSE %387
o FHE QG ) X ENAD I BBL j BEDERDEEANEZS.

AMTIE, BRI ACHTETATY XL L ZORBHAREERS. 48, HORAHML e HEW
U, O, HRIEAYFEBRETRITITES LTS,
UTORMICEX &.

(1) Fig. 4(a) &, e =7V —rDO7N TV XL EAVTES A OEROEE2 BIHICEIT 5

(2)

(3)

Ba—-FTH3. 92T7ETEBINIFRERIT, BN ADZOOERET i,m 25|18
w3 BREEBBI(OH, EOF, BOTFOBEBESHENT N floor(/2),2¢,2(+ 1 TEX
SNBRE-DPREEZXS. ZIZT, floor() RAHD/NMNEFUAT 2 VB THIREKTH .
B (A[1),--- ,A[m]) DO RBFEZH/ARITEWT, FHRE RIZ, B5E Al 2R T35,
AW —TREGEEBLZLUTVRWESIZZORERHLT LT ZOHBIROBREZ ANE
z3.

(a) E25) A DBFINELULSBHET S L 510, V& W 238D 3@ 282 — F2RE.

(b) B3 A DEROFIBEE (2,3,5,6,4) £ T 5. Fig. 4(a) DELLa— FE2EITU BRI,
2-4 fTH®D [for) XDV RULEHIKRT LR A DLTEROMHEERE.

Fig. 4(b) i, RIEICEAFEHLOEF A LEEITEWT, ZHEROT VT XL 2AWTE
FlAIE Rk THE LI LEEFEETNIHLEI»ZHFILT, EEhIBEEZTOEXRSE
B%BL, £/, #F5 TRHRWEAI Nonel #BTHEO—-FTH 3.

ZOEL T — FORBRMHERIZ O(logN) THB. O(log N) L3k 5% fij 5112 i8A
k.

HEBBAXINTVWEWETH A LELIZBWT, BN ADOZSOBEROEOAHE L THE L
SHBERORTHEEEITNEINEINEZHUIILT, TO LI BRTHREENEHFE/IFTZTDND=D
DBEFEOHEZEL, £/, 5 TLEWVWESEIX (Nonel 2IRTHREFIHEZEXS.

(a) BIHERMBTEZRIPNE 2B L LERRFIAOHEL 2 — FE2RE. KL, B

2—FOFEHIXFig. 4(2) & Fig. 4(b) KRTHEBI-FIZRS DL TS, i,
Fig. 4(a) & Fig. 4(b) ® HeapSort & BinSearch I¥El2— FRTHEAL TRW.

(b) 1 (3)(a) TRUABRFEO BRI ERE O RETRY.



Question No.4: Basic information science 2 (2/4)
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1: HeapSort (A, N): 9: R(i, m):
2: for /:= 1to NV do 10:  k:= i
3 R(N-i+1, N) 11: while A<= m do
4:  endfor 12: Ji=k
5. for /:=1to N-1 do 13: ki=k*2
6 O(1,N-i+1) 14: if k<= m then
7 R(1, N-i) 15: if k+1 <=m and P(V, W) then
8: endfor 16: k= k+1
17: endif
18: if P(/, k) then
19: Q(/, k)
20: endif
21: endif
22: endwhile
Fig. 4(a)

1: BinSearch (A, N, k):

2. low:=1

3:  high:= N

4:  while low <= high

5: mid:= floor((low+high)/2)
6: if Almid] == 4 then

7

8

return mid
: endif
9 if Almid] > & then

10: high:=mid - 1
11: else
12: low:= mid + 1
13: endif
14: endwhile

15: return None
Fig. 4(b)




Question No.4: Basic information science 2 (3/4)
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Every clement in an array A = (A[1],-- -, A[N]) of length N > 2 contains a different integer.
The procedures P and @, which take two clement numbcrs of the array A as arguments, arc
defined as follows.

The procedure P(i, j) returns TRUE if A[i] < A[j], and FALSE otherwisc.
The procedure Q(i, j) swaps the i-th and j-th clements in the array A.

In this question, consider algorithms for array A and their time complexity. It is assumed that
reading and writing values, comparing valucs, and performing four arithmetic operations can be
performed in constant time.

Answer the following questions.

(1)

(2)

3)

Fig. 4(a) shows a pscudocode for sorting the clement values in an array A in ascending
order using Heap Sort algorithm. The procedurc R defined in lines 9-22 takes two ele-
ment numbers ¢ and m of the array A as arguments. Consider a complete binary tree
whose element numbers are given by floor(¢/2),2¢,2¢ + 1 for the parcnt, left child, and
right child of element number ¢, respectively. Note that floor() is a floor function that
truncates the decimal point of the input. In the complete binary trec consisting of an
array (A[1],---, A[m]), if the subtree whose root is the clement A[é] does not satisfy Heap
condition, the procedurc R replaces the elements in the subtrece to satisfy the condition.

(a) Show each appropriate pseudocode to fill in V and W so that the sorting of the array
A works correctly.

(b) Let the initial clement values of the array A be (2,3,5,6,4). Show cvery clement value
of the array A when the pscudocode in Fig. 4(a) is exccuted and the iterative process
of the “for” statement in lines 2-4 is finished.

Fig. 4(b) shows a pseudocodc that uscs Binary Scarch algorithm for an ascending sorted
array A and an integer k to determine whether the array A contains an clement whose
valuc is &, and returns the clement number if it is contained, and “None” otherwise.

The worst-casc time complexity of the pscudocode is O(log N). Explain how O(log N) is
obtained briefly.

For an unsorted array A and an integer k, consider a scarch procedure that determincs
whether or not an array A contains a pair of clements in which the sum of the two element
values is &, and rcturns the numbers of the two clements if such a pair is contained, and
“Nonc” otherwisc.

(a) Show a pseudocode of the scarch procedure that minimizes the time complexity as
much as possible. Your pscudocode should be written as close as possible to the de-
scription of pseudocodes shown in Fig. 4(a) and Fig. 4(b). The procedurcs HeapSort
and BinSearch in Fig. 4(a) and Fig. 4(b) can be used in your pscudocode.

(b) Show the worst-case time complexity of your pscudocode shown for question (3){a)
in O-notation.



Question No.4: Basic information science 2 (4/4)
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1: HeapSort (A, N): 9: R(/, m):
2: for /:= 1to NV do 10: k=i
K R(N-i+1,N) 11: while k<= m do
4: endfor 12: ji=k
5. for /i:=1to V-1 do 13: k= k*2
6: O(1,N-i+1) 14: if k<= m then
7: R(1, N-/) 15: if k+1 <=m and P(V, W) then
8: endfor 16: k= k+1
17: endif
18: if P(/, k) then
19: Q(/. k)
20: endif
21: endif
22: endwhile
Fig. 4(a)

1: BinSearch (A, N, k):

2: low:=1

3:  high:=N

4: while low <= high

5: mid:= floor((low+high)/2)
6: if Almid] == & then

7

8

return mid
: endif
9: if A[mid] > & then

10: high:= mid - 1
11: else
12: low:=mid + 1
13: endif
14: endwhile

15: return None
Fig. 4(b)




Question No. 5: Basic physics (1,/2)
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Fig. 5 IR X512, HREm BIUmpg DEERABLIUBA, BARL, FhREKN kK TH
BONERTE S homigcEi I h, KETEERZ2WL—/V ETx@hiZih-> TEB L T
W5, EEBRIZBITAEAEABIVB OME (xEBIE) #FhEhx, BLUxplT5. K
Zlt=01ZB T, x4=0, xg=L, HBRABIUBOHEEZZNEN v, (>0) BLTO0 &
LT, UFDORNZEZ L. 7277 L, v I+ EL, BERA L BIFERLRZWVWED LT 5.

(1) BEABLUBIZOWTOEBHFEXARD L.
(2) ZOFRDELDEE v my, mg BL D v, ZAWTEL, BELOEBIZOVTHRE L.
(3) BEBMOLRAE, HAAXEIEETS. HIERER =x, —xg 12OV TOMEB) HEX
R, BIRBOARBH 0 2 my . mg BEXUOk ZAWTEE.
(4) my=mg=mD &%, LUTOMIZEZX.
(a) ER A & B LORORKIEREA KD K.
(b) xp& xg 5%l t OB E LTRD, TOWMEE T 7 7IcRE.




Question No. 5: Basic physics (2,72)
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As shown in Fig. 5, the mass points A and B of mass m, and mass mg are connected to both ends of a
spring of natural length L, spring constant , negligible mass, and move along the x-axis on a frictionless
horizontal rail. Let x5, and xg be the positions (x-coordinates) of the mass points in motion. At time
t=0.let x4 =0. xg = L and the velocity of mass points A and B be v, (> 0) and 0, respectively.
answer the following questions. Here, assume that vy is sufficiently small so that the mass points A

and B do not collide.

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

(2) Find the velocity v of the center of mass of the system in terms of my, , mp and vy, and discuss
the motion of the center of mass.

(3) Viewed from the mass point B, the mass point A is single-oscillating. Find the equation of motion for the
relative coordinate R = x4 — X , and obtain the angular frequency @ of the single oscillation in terms
of my .mgand k.

(4) When mp = mg = m, answer the following questions.
(a) Find the maximum distance between mass points A and B.

(b) Find x4 and xg as functions of time ¢ and sketch graphs of them.
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Fig. 5



Question No. 6: Basic mathematics (1,72)
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1751
1 .
A=§(a-+1-bi 24’121)

IZOWTEZRS. 2L, a,bl3EH, EFBEMTHD. £/, AOREHITIIZA", BT
PEILT 5.

(1) ABZNAVI—MTIITHDLE, TROHLA=ATHDHLE, UTOMICEZ K.
(a) a,b&RDL.

(b) ADZTOEFEEZRD, TNOENKETHB I L E2TE.

() B (b) CROZEBFRMBIZHET 5EBENS bALERD, ERONERTDZ
L &Rt

(2) AB=2=F VITAITHD L E, TRLBLA =AA=ITHDH L E, UTOMIZEX
X.

(a) a,bZ3RD L.
(b) ADZTOEFHEEZRD, FROOHEIMMEN 1 THDZ L E27E.

(3) B,CENRDEEFFTHNEL TS, IELnid 2 ULDEEOEBETHS. B+iCHa=

FVFRITHELE, (§ o )EESTIITHS D L 2T,



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

A=1( 1 2+2i)'

3\a+bi 1
where a,b are real numbers and i isthe imaginary unit. Let A* be the adjoint matrix of A,and I be

the unit matrix.

(1) When A is a Hermitian matrix, that is, A = A*, answer the following questions.
(a) Find a and b.
(b) Find all eigenvalues of A and show that they are real numbers.
(c) Find the eigenvector corresponding to each eigenvalue obtained in question (1)(b) and show

that the eigenvectors are orthogonal to each other.

(2) When A is a unitary matrix, that is, AA* = A*A = I, answer the following questions.
(a) Find a and b.
(b) Find all eigenvalues of A and show that their absolute values are 1.

(3) Let B,C be real, square matrices of order n, where n is an arbitrary integer of 2, or more.

B

c —C ) is an orthogonal matrix.

When B + iC is a unitary matrix, show that (



