Question No. 1: Electromagnetics (1,72)
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An infinitely long rectilinear conductor L is located along the z axis in vacuum. A direct current /
flows in the rectilinear conductor L in the positive z direction. Answer the following questions. The
permeability of the vacuum is z0, and cross sections of conductors can be ignored.

(1) As shown in Fig. 1 (a), a rectilinear conductor T having a length 2a parallel to the x axis is located
at a distance b from the z axis on the z - x plane.
(a) Find the magnitude and direction of the magnetic field H at the position (x, 0, 0) on the x axis
in the range x > 0.
(b) Find the magnitude and direction of the electromotive force generated between both ends of
the rectilinear conductor T, when the rectilinear conductor T is moving at a constant speed vo

in the positive z direction.
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(2) As shown in Fig. 1 (b), a conducting loop S in the shape of a square (length of one side 2a) is
located at a distance x from the z axis on the z - x plane. The resistance of one side of the
conducting loop S is R.

(a) When x is set to b, find the mutual inductance between the conducting loop S and the
rectilinear conductor L.

(b) Derive the magnitude and direction of the magnetic flux density B at the center position
P (a+b, 0, 0) of the conducting loop S when a current /s flows in the direction of
A—B—C—D—A through the conducting loop S.

(c) Find the magnitude and direction of the current flowing through the conducting loop S when
the conducting loop S moves at a constant speed v in the positive z direction.

(d) Find the magnitude and direction of the force required to move the conducting loop S at a
constant speed v in the positive x direction in the range x > 0. Moreover, find the magnitude

and direction of the current flowing through the conducting loop S at that time.
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(1) Answer the following questions about the circuits shown in Fig. 2(a) — (c). Assume the angular

frequency to be w1.

(a) When the impedances of the two circuits in Fig. 2(a) are equal, express each of C; and R, using
C 1 and Rl.

(b) When the impedances of the two circuits in Fig. 2(b) are equal, express each of L4 and R4 using
Ls and Ra.

(c) Find the condition for the impedance of the circuit in Fig. 2(c) to be constant that is
independent of the angular frequency.

(2) An AC voltage source E of angular frequency w; is connected at the terminal pair 1-1° of the
transmission line in Fig. 2(d), and a series circuit consisting of Ls, Cs and Rs is connected at the
terminal pair 2-2°. Answer the following questions. Assume that the transmission line is lossless and

the characteristic impedance of the line is Zo.
(a) Express the condition of no-reflection at the terminal pair 2-2” using Le, Cs and Re.

(b) When the angular frequency > is increased from the no-reflection condition found in the
question (2)(a), the absolute value of the impedance of the series circuit connected at 2-2°

increases by V2 times. In that time, express the reflection coefficient in the form of
I = |T]e/.



Question No. 2:  Electrical circuits (3,/3)

2017 £ 8 B Ent
fifE 2 BEREES
BHBE3E®)

Fig. 2(a)

19

Fig. 2(d)

I

—Cs | |Rs
L 5 RS
Fig. 2(c)
2

2,



Question No. 3: Basic information science 1 (1/2)

2017 £E 8 B/
a3 (BEREE 1
(1EH 2E/)

TIVI 7Ry b T = {a,b} LOBRKEERICDONT, ROMICEZ XK.
(1) BBROXFEN o THBEIEXFIETHOREEE L1 BEXS. &E, L REXFS
ZEEE.
(a) L, ZRET3HEHERIREEBHT, REEHSRNTH2EOZKREX. FIHTARE,
ZIERERIAEICT ST L.
(b) L) %223 2IERENERIRESH T, M (1)(a) TRHLNZHRREER K 0 &R
BN EVWE DB EH. bbbz RL, RWEHENT L 2Z2EHHE K.
(2) EXN 2L ETHOREDL DL 2BEDXFEN 0 THEI S BNFINETHOLBEERM L Z
EX5.
(a) Lo, 2B T2IRRERERIRERM T, REBHRNTHZLOZRREX.
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(b) Ly ZRETIRENEERRERH T, REHDR/NTH S & DOREHIN L DA

Concerning finite state automata over an alphabet ¥ = {a, b}, answer the following questions.

(1) Let L7 be the language consisting of all the strings ending with a. Note that L; does not
contain the empty string.

(a) Draw a deterministic finite state automaton accepting L; with the minimum number
of states. Clearly identify the initial and final states.

(b) If there is a non-deterministic finite state automaton accepting L; which has fewer
states than the automaton asked in question (1)(a), draw it. Otherwise, prove that
there is no such automaton.

(2) Let Ls be the language consisting of all the strings of length at least 2 whose second-to-last
symbol is a.

(a) Draw a non-deterministic finite state automaton accepting Ls with the minimum
number of states.

(b) Draw a deterministic finite state automaton accepting Ly with the minimum number
of states.
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(3) Let L3 be the language consisting of all the strings of length at least 3 whose third-to-
last symbol is a. Draw a non-deterministic finite state automaton accepting L3 with the
minimum number of states.

(4) Let Ly be the language consisting of all the strings of length at least k& whose ktP-to-last
symbol is a where k > 3.

(a) Give the minimum number of states of a non-deterministic finite state automaton
that accepts Ly.

(b) Give the minimum number of states of a deterministic finite state automaton that
accepts L.



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

2017 &£ 8 A EHE
MIRE4 EERERE2
(1BEB/2E%H)

AT, T L XA 2 REATA2EL, RICBBTILE AR, 20 &) 27505 b4
TORIPERTH2H02IFT. £EDTI ¢ LEBH e ITHL T,

_o_ [2 guiEmn) (=0)
S|zt le (e #0)

THB LTS st 2 ZNTNROEEITSI

(7))

L, RDOR (4B) DERDERBETET LI TCE L LT « o2 EE2 L LT 5.

(4A)

z =ufug? - u : (4B)

Z :‘T“, k > 1 VC‘Z@D, Uy, U9, ..., U, € {S,t}, €1,€2,...,€L Gigﬁ‘ﬁ‘%é D& g’, l}{_F@FFﬁGC
Bz k. bLBELSIE, ROFEE (LC) ZFHZ LITAHWTD X,

(4C) FERBD 2oDfFF] x, y I LT, detzy = detxdety TH 3. T I°T, det ZfTFIR%Z
xRT.

(1) #£& [ KIET 3 EROFI 2 13, det e = 1 W7 TEEITITH S & L 2R E.

0 1 -1
%3 (4B) OWRO BRI R,

(2) FEROBE n KoV, 7 = (1 “) <552 LRFL, COREALT, 75 (‘01 ”)

(3) z= <x11 112) REBTINETS. 211 DPEHE n, r ZHAVT 21y =nagy +7 ERINTY

T21 T22

2LE fEstrx REMBELTEBONGITIIE, n,r BE 219, 791, 2oz ZAVEATERE.

(4) F(1)-F9 (3) DIERERAL T, FBILS 2 5N BEITIH = = (21 ;12> IR LT, M

22
fH |z | BT 2 BRUEZACT, x PEA L BT3B, 2 ELCHEL Mtz el
THBEER, xz 2R (UB) OWARDERE IR T 2R 2—2HAIT5FRME25X L. 2
DIELHEBRT I L. '



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

2017 &£ 8 A EHE
FIRE4 1EERERE2
QBH/28H)

In this question, a matrix means any 2 x 2-square invertible matrix, and such a matrix is
integral if all of its entries are integers. For any matrix = and an integer e, let

e {1 (identity matrix) (e =0) (4A)

R (e #0).

Let s and ¢ be the following integral matrices

o= 0 -1 = 11
—\1 0 )’ T\0 1)’
respectively, and let L be the set of all matrices x that can be expressed by a finite product of
the form

z =ujlu?---ur, (4B)

where k > 1, uy,us,...,ux € {s,t} and e, ey,..., e are integers. Answer the following ques-
tions. If necessary, you may apply the following fact (4C) without proof.

(4C) det zy = det x det y for any two matrices x and y, where det denotes the determinant.

(1) Show that any matrix  in the set L is an integral matrix such that detx = 1.

(2) Show that t" = <(1) T) for any integer n, and by using this equation, describe a finite

product expression of the form Eq. (4B) that expresses the matrix (_01 _nl>

(3) Let x = (zu 212> be an integral matrix. Assuming that z1; is decomposed as z1; =
21 X922

nxo + r for some integers n and r, describe the matrix which is obtained by calculating
the product st™" in terms of n, 7, 212, 21 and z22.

(4) ‘Applying the results of the questions (1)—(3), describe a procedure that correctly deter-

Z21 T22
recursion on the absolute value |z9;1|. If € L, then the procedure should output one of
the finite product expressions of the form Eq. (4B) that expresses . The correctness of
the procedure should be proved.

mines whether or not any given integral matrix x = T xm) belongs to the set L by
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(a) EMRIZBITZEBTRANF— T = (1/2)m(dr/dt)? BUTTERES ZL 2 7E.

T = Z 2mfu + vaz-’ﬂgﬁz (w X €) + z mmﬂ:](w X €) - (w X €) (5A)

2%

(b) Eq. (5A) TlX, ¢; DEEEED T OREELICEEL BV, TOEHZ ANE.

(c) K RIZH T 5 #EBHERE, Lagrange FHER (d/dt)(0L/0v;) = OL/0z; oL RO 1B .
IITCL=T-UTC, URBARTYYY NV THB. UTOEBHHERE .

dvi ou
M == z:2mvje2 (w X €) Zm:cJ (wx€): (wxej)— oz, (5B)

HEUMBELEL a-(bxc)=c-(axb) ZFE>TLIW.

(2) BEH, HEMEME X (ZOMBRIIMNVIE X = Y, Xig) EETOLEBHTLHL &,
Eq. (5B) BZIZB T B o1& X; TEBHNIZBEEBR O NS . ZDL ¥ Eq. (5B) IZBTOX
DITEES.

m% =— Zvajﬁi (w X €) +mg; (5C)
IZTg=[y;mXjwxe) (wxe) - OU(X)/0X;]/m THY , RIrINg=>3, g€
Fwé X HESEENIZHS (Fig. 52R). 5, FI8FRME 2,(0) = X; — hgi/|g| (RIEXIED
FH) KT v%(0)=0DH L BREETIES.

(a) Eq. (5C) AXAD v; & BHED EEE T mdv;/dt = mg; DIETIEML , z; % KEOBEKE
UTRdD&.

(b) BAPHEICIETIRA L, fffg-r=9g - X PORETES. t=t*ITBID
RZMNVr-X2RdDE. /2, B85 r— X OEZ IO TYERNERE B~ L.
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Consider the dynamics of a particle (mass m) near the surface of the Earth. The Earth rotates
around its own axis with a time-independent angular-velocity vector w. Now, a noninertial
system K is used as a reference system, its origin is located on the axis of the Earth’s rotation,
and its orthonormalized reference vectors €; (i = 1,2,3) rotate together with the Earth (see
Fig. 5). The effects of the Earth’s revolution about the Sun and air resistance are neglected.

(1) Let z; denote the ith coordinate of the particle in the K system. Then, the position vector
of the particle is given by » = >_. z;€;, and its time derivative by dr/dt = ), (vi€; + 4w X
€;), where v; = dz;/dt, and the symbol x means outer product.

(a) Show that the kinetic energy in an inertial reference system T' = (1/2)m(dr/dt)? is
expressed as

1 1
T= ZZ: 577“11'2 + izjmvimjei (w X €)+ 12]: Emwixj(w X €) - (wxe€). (BA)

(b) State the reason why the time evolution of €; does not affect that of T in Eq. (5A).

(c) The equation of motion in the K system can be obtained from Lagrange’s equation
(d/dt)(8L/dv;) = OL/0x;, where L = T —U with U being the gravitational potential.
Derive the following equation of motion,

ou

dv;
m_d—tz = —Ej:QmU_jEi (w X €) '*';mmj(w X &) (w X €)= Oz (58)

If necessary, use a - (Ab xc)=c-(axb).

(2) If the particle moves only in the vicinity of a certain place X on the Earth’s surface
(whose position vector is X = 3. X;€;), z; on the right hand side of Eq. (5B) can be
approximately replaced with X;. Then, Eq. (5B) leads to

dv;
md—z =— ZQm’vjei (w X €) + mg;, (50)
J
where g; = [}, mX;(w ¥ €) - (w X ;) — OU(X)/0X;]/m; the vector g = > gi€i lies
on the plane spanned by w and X (see Fig. 5). Now, let the particle fall with the initial
condition of z;(0) = X; — hgi/|g| (h is a positive real number) and v;(0) = 0.

(a) Approximate v; on the right hand side of Eq. (5C) as the solution of a normal free
fall mdv;/dt = mg;, and find z; as a function of time.

(b) The time t* when the particle reaches the ground can be determined by the condition
g-r = g-X. Then, find the vector r— X at t = t*. Also, give a physical interpretation
to the direction of the resulting » — X.
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(a) A BXV B OBEFBEEZTATRD L.

(b) A BLXW B 0F 42 0EFBEICKIET 2EEERMOKRILEZ KD XK.

() D BXU®F % 3 kxtAITHIL TS, P-LAP =D BX PTBP =F %[RFIZH
TEXTEH P &, @ATH D BLXOF #kvk. 22T, PT X P 0&EITS
BRT.

(2) nRIEFFTFI ¢ BEXOH #E%2%. ¢ BXO H HFIFBOEAATIIC L > THALS
N5&E, GH=HGC TH5HILETE. '

(3) RORICEZ L.
(a) BB%K f(t) DT 7T AE#E LIF)] =F(s) £T3. LIf(t—a)l =F(s)e™ Th
LR EFEL, t<0 OEX, f()=0 &T5.
t (0<t<1)

(b) B¥ g ={ 1 (1<t<2) OFTT7TRAEHRERD L.
t—1 (2<t)

(c) BHEEZAVTEE 6,() = ——0— DHFTTTRAEHRERD L.

(s+1)(s+2)2
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(1) Consider the symmetric matrices 4 = (1 0 0) and B = (1 0 1). Answer the
0 0 1
following questions.

(a) Find all eigenvalues of A and B.

(b) Find the dimension of the eigenspace corresponding to each eigenvalue of A and
B. |

(c) Let matrices D and F be 3—dimensional diagonal matrices. Find the orthogonal

matrix P that simultaneously satisfies P~1AP =D and PTBP =F, and then
find diagonal matrices D and F. Here, PT denotes the transpose of P.

(2) Consider n—dimensional square matrices G and H.Show that GH = HG if G and H

are diagonalized by a common regular matrix.

(3) Answer the following questions.

(a) Let L[f(t)] = F(s) denote the Laplace transform of the function f(t). Show that
L[f(t —a)] = F(s)e™®. Here, let f(t) =0 when t <0.
t (0<t<1)

(b) Find the Laplace transform of the function g;(t) =4 1 (1 <t<2).
t—1 @<t

(¢) Find the inverse Laplace transform of the function G,(s) = using the

(s+1)(s+2)2

residue theorem.



