Question No. 1: Electromagnetics (1,3)
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Question No. 1: Electromagnetics (2,3)
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As shown in Fig. 1(a), a primary coil of NV, turns and a secondary coil of N, turns are uniformly wound
in vacuum around a toroidal iron core with a permeability 4, a cross section S, a gap &, and a mean
magnetic path length / —&. The primary coil is connected to a current source. The vacuum permeability
is defined as 4. Answer the following questions assuming a negligible leakage of the magnetic flux
from the radial wall of the iron core, and a uniform magnetic field in the cross section of the iron core.

Furthermore, assume the cross section of the magnetic flux tube in the gap to be S.

(1) Consider the situation that the output terminal of the secondary coil is opened and the current i; is

supplied to the primary coil.

(a) Find the relation between the magnetic flux densities in the iron core and the gap, and the
relation between the magnetic fields in the iron core and the gap.

(b) Find the magnitude of the magnetic field, the magnitude of the magnetic flux density, and the
magnetic flux inside the iron core by using Ampere’s law.

(c) Find the magnetomotive force, the magnetic resistance of the iron core, and the magnetic
resistance of the gap. Furthermore, draw an equivalent electric circuit to the magnetic circuit.

(d) Find the self-inductance of the primary coil, the self-inductance of the secondary coil, and the
mutual inductance between these two coils.

(e) Find the output voltage e; from the secondary coil when supplying a current of i1 = [; sinw¢ to
the primary coil, where /; is the amplitude of the current.

(2) Fig. 1(b) shows the situation that a load is connected to the output terminal of the secondary coil in
Fig. 1(a). When a quasi-steady-state current i; is supplied to the primary coil, an output current i,
flows to the load.

(a) When the magnitude of the magnetic flux density in the iron core is B, find the total magnetic
energy Un inside the iron core and the gap.
(b) Prove that the energy Un obtained in the question (2)(a) is equal to U. given by

1 .2 .. 1 .2
UC = ELlll + Mlllz +'2_L212,

where L1, Ly, and M are the self-inductance of the primary coil, the self-inductance of the

secondary coil, and the mutual inductance between these two coils, respectively.



Question No. 1: Electromagnetics (3,73)
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Question No. 2: Electrical circuits (1,72)
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(1) Fig.2(a), Fig. 2R TEIRRICOVWTUTORICE 2 L. BEEROABEKII 0 THS.
T, DA EERKITERKLT, BS, B v E—F U X, HHERZZNTIL L R,
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(@) Fig. 2@\ RT7 =—HFEE E 2RO K.

(b) Fig. 2(a)® Eoc VT Fig. 20) IR T 7 = —FEE R E.

(c) Fig. 2(@)® Eoc VT Fig. 2b0)ITRTHEH R THE SN DB 2R E.

(d) Fig. 2D Eoc Z VT, B)O)TRDEZT = —VEE Vi [CHIGT 2 BRFEE
vp(t) = Re(V2VRel®t) ZR/YE. ZIT, EcITEHKLTS.

(2) Fig. 2R TEIEICBWNT, el(t)={\/751cos(w1t)}u_1(t) LTB. ZIZT, u(t)
XEMIRT Y 7B THD. B t=0 KRBT EF v V¥ COBEREER LTS,
t>0 IZBITD vp(t) ZRD XK.

(1) Answer the following questions about the circuits shown in Fig. 2(a) and Fig. 2(b). The angular
frequency of the voltage source is . Assume that the transmission line is lossless, and the length,
the characteristic impedance, and the phase constant are L, Ro, and £, respectively.

(a) Find the phasor voltage Eoc shown in Fig. 2(a).

(b) Express the phasor voltage Vz shown in Fig. 2(b) using £oc shown in Fig. 2(a).

(c) Express the electric power dissipated in the resistor R shown in Fig. 2(b) using £ shown in
Fig. 2(a).

(d) Express the instantaneous voltage vg(t) = Re(\/fVR el “’t) corresponding to the phasor
voltage Vi derived in the question (1)(b), using Eoc shown in Fig. 2(a). Assume Ec to be a real

number.

(2) Assume e, (t) = {ﬁElcos(w1t)}u_1(t) in the circuits shown in Fig. 2(c). Here, u_4(t) isthe
unit step function. Assume the charge in the capacitor Ci to be zero at time t = 0. Find Vr1(t)
for t > 0. vri(t)
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Question No. 3: Basic information science 1 (1/2)
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7—VEE f: {0,1}" — {0,1} %, ESIEER (DNF) N L e ERIRERWK (DFA) T
RATHILz2EZAS. UTFTIE, WEAPORER, #mEMN RESEX, ZTHEFN, AV,
TERTHDL T3, /2, DNFHREROV A XL ZERHBPOVFIVOHREE2ET. 7— VEK
f #KRHTBDFA LIX, E3E

sz{:z:l...an{O,l}nIf(zl,...,:l:n)=1}

%% 35 DFA TH5b. b, DFA DEBRBERII&BEETHE EDL TS, ROMIZEZ L.
b, BB IZH7--> TXEEBHIZEX .

(1) /\0')7‘4 Bﬁﬁ Pn K‘i, nﬂﬁ@%’l& xl,...,an{O,l} 0)'5"5, .’Ei=1 c‘.’.tﬁ%glﬁ ZI; 0)'{&
VRHBDL E, HOZDLEIZRY, BVEMN 1 237 VEETHS. & xE, P3 &, X
? DNF Fa# =\

(z1 NT2ATZ3)V (TTAZ2 AT3) V (TTIANT3 A x3) V (1 A T2 A T3)

LU THODDFA TREEINS. 22T, —ERATHEREEZRL, —EALTZERELRL
TW5.

(a) Py 2#KRHT BB/NY 1 XD DNF sERZET.

(b) Py %FET 2RERS/ND DFA % HRt .

(c) BRE n>1 1L TP, 2&RHET % DNF wEROBR/N 1 X% KD X.
(d) BRE n>1 128U T P, 2KRHT 5 DFA OE/NRIER %2 R X

(2) ZEEREB M, &%, n BDBIK z1,...,2, € {0,1} D55, n/2 HUEN 1 DL E, »D
ZFOLEIZBY, ROEN1 257 VERTHB.

(a) M5 #%BT 58/ 91 X0 DNF HRER*B17.

(b) M5 2RH§ 5 REHFK/ND DFA %2 KRE &.

() BARK m > 1 1T/ LT Moy 2#%5T % DNF HEROBRN 1 X%k &.
(d) BRE m > 11U T Map1 2RHRT 5 DFA O B/MREEEE K XK.



Question No. 3: Basic information science 1 (2/2)
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We consider representing a Boolean function f: {0,1}" — {0,1} with a logical formula in
disjunctive normal form (DNF) and with a deterministic finite state automaton (DFA). We
represent the logical conjunction, disjunction and negation by A, V and ~, respectively. The
size of a logical formula refers to the number of occurrences of literals in it. A DFA is said to
represent a Boolean function f if and only if it accepts the language

Ly={z1...2€{0,1}"| f(z1,...,20) =1}.

Assume that the transition function of a DFA is total. Answer the following questions. Proofs
are not necessary.

(1) The parity function Py, is a Boolean function that returns 1 if and only if an odd number of
arguments are assigned 1 among n arguments z1, ...,z € {0,1}. For example, P3 is represented
by the DNF formula

(TAATZAT3) V (TTA 2o AT3) V (TTA T3 A x3) V (21 A T A 23)

and by the DFA shown below, where the initial state is pointed at by the double arrow and the
accepting state is represented by the double circle.

;/-\ 0 N 3 N 07 1

(a) Give a DNF formula of minimum size for Py.

(b) Draw a DFA with the minimum number of states for representing Pj.

(c) Give the minimum size of a DNF formula for P,, for a natural number n > 1.
)

(d) Give the minimum number of states of a DFA representing P,, for a natural number n > 1.

(2) The majority function M, is a Boolean function which returns 1 if and only if n/2 or more
arguments are assigned 1 among n arguments z1,...,z, € {0,1}.

(a) Give a DNF formula of minimum size for Ms.
(b) Draw a DFA with the minimum number of states for representing Ms.
(c) Give the minimum size of a DNF formula for Mgy, +1 for a natural number m > 1.

(d) Give the minimum number of states of a DFA representing Mgy, +1 for a natural number
m>1.



Question No. 4: Basic information science 2 (1/3)
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BRI mOXFHX 26, RInDXFHY ~DEREEZ S (m,n >0). BHRIZIEK, AT
R /HIBREREE V5.

e Insertion: X DY ZNIZERD—XF2FHEA (—RIOFAOERIEIR b % Cp 2 RED)
e Deletion: X IO —XF%Hlkk (—EIOHIROBIEEIZ M % Cp & KAL)

X2Y ZEBTSBEFIHIEBBICEZSNS D, IXAOEHVBBNL REBEFIEOA%2E
Z5. X%2Y IEBMTSBEFHEORNIZA M2, X 5 Y ~OREHERH L PR, LTORIC
B L.

(1) Ci=Cp =1, X =acba BLV'Y = abacc DFEDREEMZEZ 5. WMEEHZRD S
MEIE, Fig. 4(a) TR T L5 (m+1) x (n+1) DFRI I 7%2EFEX2ZLT, WEA
257 EORERBEEBIZBETE 5. Fig 4(a) POAM Z D013 Insertion, FAIE D
181X Deletion iZ3XYI63 5. £72, A FRE OBIROTIEXFA—BT 5 DT Insertion B &
U Deletion B AETH B Z L 2KRT.

(a) X; &Y; %2, ThEN, X OXEIS i BHOXFETORDXFIIL, Y OEELS
JEEDOXFETOWHXFHE TS, £2TD (4,)) RTITHLT, X; 15 Y; ADfE
EHRBEE RO, TOKRZ Fig. 4(b) ILH 2RO EMEED WA TRE.

(b) Fig. 4(a) D27 7HOZERENIET S (i,7) TRELET 3. (0,0) 25 (m,n) ~ORE
R %TEHA (1, 7) DRFIT—DRE.

RFDFEZLDH : (0,0),(0,1),(0,2),(1,3),(2,4),(3,4),(3,5), (4,5)

(2) FH7=BlEL UTUTABMEINAZLT 5.
e Substitution: X HDO—XF2HD—XZIZE MR (—EOEBOEEIANE Cs &
EEW) ,
Ci=Cp=1, Cs=15, X =cchacBLVY = acdb DIFEDHERM L E X 5.

(a) Fig. 4(a) LR UERT, X 556 Y ~NOREREM % K> 5 MREIC G T 5 RIEREE
D2'F 7%, Substitution I ~EEMZHAWTEY.
—EXHNOXREDH : =

(b) R (1)(b) TRULERDHIAEST, (0,0) 5 (m,n) NDRTOREREE TNE
NI (i, ) DRFITRE.



Question No. 4: Basic information science 2 (2/3)
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Consider transforming a string X of length m, to a string Y of length n, where m,n > 0. For
the transformation, the following insertion and deletion operations are permitted.

o Insertion: insert an arbitrary character at some position in X (Cp denotes the cost of an
Insertion operation)

o Deletion: delete a single character in X (Cp denotes the cost of a Deletion operation)

Although there are an infinite number of possible operating procedures for transforming X to
Y, we only consider the operating procedures with the minimum total cost. We refer to the
minimum cost of operating procedures that transform X to Y as the edit-distance from X to
Y. Answer the following questions. -

(1) Consider the edit-distance where C; = Cp = 1, X = acha, and Y = abacc. The ques-
tion of calculating the edit-distance can be converted to a shortest path problem on an
edge-weighted graph by considering an (m + 1) x (n + 1) lattice-shaped graph as shown
in Fig. 4(a). The right arrows in Fig. 4(a) represent Insertion, and down arrows repre-
sent Deletion. Moreover, down-right dotted arrows indicate the case when Insertion and
Deletion are unnecessary since the characters are matched.

(a) Suppose X; and Y; are respectively the sub-string from the first character to the i-th
character in X, and the sub-string from the first character to the j-th character in
Y. Calculate the edit-distance from X; to Y; for every (i, j) pair, and give the results
in a format filling the empty tabs in the table shown in Fig. 4(b).

(b) Suppose we represent each vertex of the graph in Fig. 4(a) by the corresponding (3, j).
Give a sequence of vertices (7, 7) on the shortest path from (0,0) to (m,n).
Example of notation of sequence: (0,0), (0, 1), (0,2), (1, 3),(2,4), (3,4), (3,5), (4,5)

(2) Suppose the following operation is added.

e Substitution: replace a single character in X with another character (Cs denotes the
cost of a Substitution operation)

Consider the edit-distance where Ct = Cp = 1, Cs = 1.5, X = cchac, and Y = acdb.

(a) Give a graph of the shortest path problem that corresponds to the question of cal-
culating the edit-distance from X to Y in the same manner as Fig. 4(a). Use double
arrows to represent Substitution

Example of notation of double arrow: =

(b) Give each sequence of vertices (4,) on every shortest path from (0,0) to (m,n) in
accordance with the example of notation as shown in the question (1)(b).



Question No. 4: Basic information science 2 (3/3)
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Question No. 5: Basic physics (1/3)
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A2 BHL , BEE RNEWBS 2y BN%: B, H5 WROES L ERTS5. Bltits )3
WEDEE m IZRDESIZEITS.

¢
m=mgy— / a(t'ydt
0

ZZTmoldm OFIEME, BIL t =085 mTHY ,a=—-dm/dt TH2. WEOEE% v,
BHI N T AWK T I HENEEEZ w TRT. VE, wlX v ITRETHY , 72 |u| IXEH
HIZAE T up IZFL WE 95, BERMIZIX, v% v = (vcosd,vsing) L RU & &, ulk
u = (upsing, —upcosP) L FFdLTH. TITv=|v|ThY,oldvk s HIOBDAETHS
(Fig. 5). a, v, ¢ DFIEAEEL U TIX, ao, vo, do & AV &.

(1) BRtIZBIT2WE (BB m, FE v) &, BRNEHE 6t D%, ZOOHSIZSTMT L L AR
€. —DREENBEAOL YET, TOEEBL EHEIT m+om (dm < 0), v+ v THD.
D —DRBHINAEHAT, TOHEBL EHEEX —dm, v+uTHD. BIb, ZDROEFH 6t
ZHT 5 EHEEIZ

op = [(m+ ém) (v + 6v) — dm (v + u)] — mv
LEIS. EHAERNdp/dt =025, UTORZ BB L.

md'v _
7 au

(2) v¥ ¢ DUTFOBURICRED = & % Rt

vV =1

@_ Qup

dt ~ muy

(3) a BERIC FETHZ L TH. DL E, $% t DEBE L TRYE. 7, WEOBEE 3
B L.

(4) WEOBENHTHZ LTS, Z0OLE, a% t DEKE L TRE.



Question No. 5: Basic physics (2/3)
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Consider the dynamics of an object, which moves in the z-y plane by emitting gas and
decreasing its mass. The mass of the object m at time ¢ is written as

t
mzmo—-/ a(t)dt,
0

where myg is the initial value of m, namely, m at ¢t = 0, and & = —dm/dt. The velocity of the
object is denoted by v, and the velocity of the gas relative to the object is denoted by u. Now,
we assume that w is normal to v, and also that |u| is time invariant being equal to the initial
value ug. More specifically, by expressing v as v = (vcos ¢,vsin¢), u is assumed to be written
as u = (ugsin¢, —ugcos @), where v = |v|, and ¢ is the angle between v and the = axis (Fig.
5). Use ayg, vo, and ¢g as the initial values of o, v, and ¢, respectively.

(1) The object at time ¢ (mass m and velocity v) is considered to be separated into two parts
after the infinitesimal time interval ¢. One is the object with the decreased mass, whose
mass and velocity are m + ém (dm < 0) and v + §v, respectively. The other is the emitted
gas, whose mass and velocity are —dm and v + u, respectively. Thus, the variation of the
momentum of the system in the time interval 0t is expressed as

op = [(m + ém) (v + dv) — om (v + u)] — mo.
Using the equation of motion dp/dt = 0, derive the following equation:

dv

mE = —ou.

(2) Prove that v and ¢ obey the following relations:

v = vy,
d¢  augp
dt ~ muy

(3) Suppose that o is time invariant. Then, show ¢ as a function of t. Also, describe the
trajectory of the object.

(4) Suppose that the trajectory is circular. Then, show « as a function of t.
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Question No. 6: Basic mathematics (1/2)
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(1) 2> 0T UTEBDZRATERT 5.
I'(z) = /oo t*le~tdt
0

(a) BRE n Iz LT, I'(n) 2RkD &.
(b) E¥ a,b 2 LTI (a)T'(b) =T(a+b)B(a,b) Z"E. TIT

w/2
B(a,b) =2 / sin?®~1 § cos?®~1 9d6
0
Thsb.
(c) T(1/2) 2k X.
(2) IROELITH
2 1 -1
A= 4 6 -1
-2 7 1

ZHUT, 20DFF L L UDRICAHETEIL2EX5. UTICEEINS &SI, 175
LIZNARDIPET1 2L 5 FTZAGFNTHY, 75U X E=ZATHITHS.

1 0 O
L= Lyy 1 O
L3; L3 1

Un Uiz Uss
U= 0 Uxp U
0 0 Uss

(a) A=LU 2%7=31F5 L L1785 U 2Rk k.
(b) 7% A DIFFIRZRD K.
(c) AT DEN FRBRAZ M 723 11,20, 23 2RO K.

(2)-2)

(d) A~ ko &.



Question No. 6: Basic mathematics (2/2)
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(1) A definite integral for a real number z > 0 is defined by the following formula:
oo
I'(z) = / t*~le tdt.
0

(a) Compute I'(n) for a natural number n.
(b) Show I'(a)I'(b) = I'(a + b)B(a, b) for real numbers a and b. Here

w/2
B(a,b) =2 / sin?*~1 9 cos®~1 4d6.
0

(c) Evaluate I'(1/2).

(2) For the following real-valued matrix

2 1 -1
A=| 4 6 -1 |,
—2 7 1

find a decomposition with the products of two matrices L and U. As defined below, the
matrix L is a lower-triangular matrix and its diagonal elements take unity, and the matrix
U is an upper-triangular matrix.

1 0 0
L= Lyy 1 0},
L3y; L3 1

Unn U Uiz
U= 0 Uy Uss .
0 0 Us;

(a) Find the matrices L and U, satisfying A = LU.
(b) Compute the determinant of the matrix A.

(c¢) Find z3, 79, z3 satisfying the following simultaneous equations

(d) Compute A7,



