Question No. 1: Electromagnetics (1,72)
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(1) BEERIZRBIT DAV ADERE T X7 OIEROMSTE L ESHOREFNFhRYE.
(2 BRI LEERINIC, BEEIHZV+A, -ADEREFNENEXT-.
(a) FOEDHERHE r (a<r<b) OMBIZBITEEROKE SR L.
(b) BIK I, I MOBMEIYLYOBEFE, BLUOBMESYULVIZEZLNDHE
IRV F—FRD L.

G) BRI ELEHEIIC, REINELIHEMEOER L), -I() BENFRFENLTRY, &
FOREEN 3RS, EE T BRI ONBOBROMIT—AEL L2 EB L T5. &
DENCHERE F (0<r<c) DUBICBITIMRBEOKRE S, BAIRIYZY DA &7
ZUR, BRIYEVICEZONAIMITINT—%2ZN RO L. T/, BKREE
DRES LR r OBRERT V7 7 O E KR XK.

(4) BRI LEEKRIIZ, REIBRZELLLHREOER L0, -L() BENFRHENTEY, &
MOREEENRFmIcEL, BEMITERIORERLCEE N ORNREHOALEZHFHTNS &
HigRBHETH, RLENSIERr (a<r<b) OBIZBITAIMREBEORE X, HMRE
SYEVDA U ETE AR, BAIRISTZVIZEZ NIRRT RV —2ZNETNRD
X.

A coaxial structure shown in Fig.1 is located in vacuum, where conductor I is a conducting cylinder
of radius a and conductor II is a conducting hollow cylinder of inner radius b and outer radius c.
Assuming that conductor I and conductor II are sufficiently long so that the edge effects are negligible,
answer the following questions. Here, the permittivity and permeability of the vacuum are & and z,
and the permeabilities of both conductor I and conductor II are equal to that of the vacuum, i.e., z.

(1) Show the equations of Gauss’s and Ampere’s laws in vacuum in both the differential and integral
forms.

(2) Charges +4 and —A4 per unit length are given to conductor I and conductor IL, respectively.
(a) Find the magnitude of the electric field at the position of the distance r (@ < r < b) from the

center axis.
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(b) Find the capacitance per unit length between conductor I and conductor II, and the
electrostatic energy stored per unit length of the coaxial structure.

Currents Io(f) and —/o(f) equal in magnitude and opposite in direction flow through conductor I and
conductor II, respectively. When the frequency of the currents is sufficiently low so that the radial
profile of the currents inside conductor I and conductor II can be assumed to be uniform, find the
magnitude of the magnetic flux density at the position of the distance » (0 < r < ¢) from the center
axis, the inductance per unit length, and the magnetic energy stored per unit length of the coaxial
structure. Furthermore, draw a schematic graph of the magnitude of the magnetic flux density as a
function of the distance r.

Currents /;(f) and —/,(f) equal in magnitude and opposite in direction flow through conductor I and
conductor II, respectively. When the frequency of the currents is sufficiently high so that the
currents can be assumed to flow only at the surface of conductor I and the inner surface of
conductor II, find the magnitude of the magnetic flux density at the position of the distance » (a <
r < b) from the center axis, the inductance per unit length, and the magnetic energy stored per unit

length of the coaxial structure.

Conductor I, 4 Vacuum, &, 14

Conductor I, 4
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(1) Fig. 2@IZRTREEEIZOWTT 7 oS MEREZ KD &.

(2) Fig. 2RI EBIZHOVWTUTORICE 2 X.
(a) Fig. 2(0)IT 9 i F X8 N Ofte 15 KAT5)) 28

[ 1]

LRENDLE, EWMLEROL. ZZTX 3ERETS.
(b) Fig. 2(b)IZ "9 ZoaF Xl N #7511 (K1751) 23
cos(4) jBsin(4)
(j/B)sin(A) cos(4)
ERINDEE, V=R L72BX57% ABIVO B OfEiERDL. ZZT, A B
X B 1IEHRETS. ’

(3) Fig 2 RTERIBICBWNT, %l t=0 IZBWTAA v F SEZHLS. BZl t=0
BIA2FYy V¥ CLOEREER LT 5.
(@ lim io(t) BLO: lim i, (¢) R .
(b) t>0 ITBITS iy(t) ZRD L.
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(1) Find the Thévenin equivalent circuit of the circuit shown in Fig. 2(a).

(2) Answer the following questions about the circuit shown in Fig. 2(b).
(a) Find the current /; when the chain matrix (K-matrix) of the two-terminal-pair network N is

expressed as

[z 1}

Here, assume X to be a real number.
(b) Find the values of 4 and B which give V;/I; = R when the chain matrix (K-matrix) of the
two-terminal-pair network N is expressed as
cos(4) JjBsin(4)
(j/B)sin(A) cos(4) [

Here, assume A and B to be real numbers.

(3) The switch S is closed at time t = 0 in the circuit shown in Fig. 2(c). Assume the charge in the
capacitor C; to be zero at time t = 0.
(a) Find tl—iglo ip(t) and }im ip(t).

(b) Find iy(t) for t > 0.
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T1,L2,...,L, € {0,1} TH Y, z,y,2,c€{0,1} LT 5. TH5DEHIX, Fig. 3ITRT7—IRK
BOREEZMHLTLDOLTS. =L, -, +, i ZThTh, #EREE, HENEE, STHE
BTHd. UTOMIKEZ L.

(1) z1-z24+x1 - 22 - T3 T4 + T1 - x4 DEMRBEEEZRKD L.

%I_II

(2) Fig. 3T REZAWAERERICEY, 21+ 77 22+ 7773 - 23 = 21 + 12 + 23 %2

®&.

n BHERHEREE f (2,22, .., 7n) B, n+ 1 EDER wy, we, -, wp, 0 KHLT,

1 wizi +woxg + -+ wpzy, >0
f($1,932,..,,_’1:n)={ 141 22 n

0 otherwise

LEFBLE, flz,22,...,2,) ZEUSWEEKZ WS, UTOMIZEZ &.

(3) M ETE2EL 3ER (2,y,c) EAN LT H2EMBEAKICBNT, MERKR Sum(z,y,c) LHF
£ Carry(z,y,c) DZTNZFTNORIMEBH L E WMEBED 5 H2BHE 2 & I2RE.

(4) 0 =t»2n =3DULEMEBK fi(r1,20,723) &, 0 = s»Dn =3 DL EWEEK
fs(xl,xz,acg) ’E#ié. t < S'C“abb b, ﬁggﬁt% wy = 1,?.1)2 = —2,’(03 = 3’6%5%, ,U\—F
DREIZEZ &.

(a) fe(z1,z2,23) > fo(z1, 22, 23) ZFEAYE &.
(b) fi(x1, 22, 23) - fs(x1, 2, 23) - (fe(z1, T2, T3) + fs(@1, 22, 23)) ZHHEALE K.

Consider z1,2,...2, € {0,1} and z,y,z,¢ € {0,1}. These variables satisfy the basic laws of
Boolean algebra shown in Fig. 3 where AND, OR, and NOT operators are denoted by -, +,
respectively. Answer the following questions.

(1) Show the minimum sum-of-products expression of 1 - o + 1 - Ty - T3 - %4 + Z1 - Z4.

(2) Prove x1 +T1 - 22 + 71 - T3 - 3 = 71 + T2 + T3 by equation transformation using the basic
laws of Fig. 3.

An n-variable logic function f(zy,s,...,z,) is called a threshold function if it satisfies

1 wizy +woxe + -+ wpxy > 6
0 otherwise

f(xl,@,...,g,«n)z{

for n + 1 real numbers wy, wa,...,wn,d. Answer the following questions.
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(3) We define a full adder function with three inputs (z,y, c¢). Determine whether each of the
sum Sum(z,y,c) and the carry Carry(z,y,c) is a threshold function or not, and justify
your answer.

(4) We define a three-variable threshold function fi(x1,%2,x3) with § = t and n = 3, and
another three-variable threshold function fs(z1,z2,23) with § =sand n =3. When t < s
and w1 = 1,wp = —2,ws = 3 for both functions, answer the following questions.

(a) Prove fi(z1,x2,x3) > fs(x1, 22, 3).

(b) Simplify fi(x1, 2, x3) - fs(z1, T2, 23) - (fe(21, T2, 23) + fo(21, 22, 23)).

z-1l==2 z+1=1

z-0=0 z+0==2x

r-rx==x r+r=2x

T-Yy=y-x rt+y=y+zx
z-(y-2)=(zy) = z+(y+2)=(z+y) +z
z-(z+y)==x z+(z-y)==z
z-(y+2)=(@-y+(x-2) z+y 2)=(@+y) (z+2)
z-z=0 z+T=1

T=2x

T Y=T+7 T+yYy=2-7y

Fig. 3: Basic laws of Boolean algebra
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Az mBEOEE» 525, BEZnEOBE» ORI TS, £/, ;2 AD i BH
DERK, b 2 BOjHHOERL TS, 72720, 1<i<mBEP1<j<nTHE. ZITD
REFHREEILR, ME, BE, REOEKLTS. UTOMICEZ L.

(1) 1<i<i'<m, 1<j<j/<nDLE, ®iZa;<ay, bj<by BERYVIDLKETS. T
DEE, BTD (i,7) RTIZNT 3 |a; — bj| OBR/MEER KD ZEMFHERE O(m +n) DTNV
TY XL DR E RE.

(2) UFIERTR P 2EHET 5 BREHER O(m + n) DT AT U X L OBHEE RE.

P=3%"% (ai—b)’

i=1 j=1

(3) ai=b; &5 (i,j) T 2ETHETEZTNIT) AL %EZS. loggnBm Eh+HREN
L&, KEHBEEDOA — X -2 mlogym +nlogon K H/MNIWT L ITY XLDOMEZRE.
7, TORMFBELRE. 2L, WAIABXU B 285§ 2RMEIERIE, ThT
. O(mlogym) BEUO(nlog,n) LIRET 3.

Let A be an array of m integers, and B be an array of n integers. Moreover, a; denotes the
i-th element in A, and b; denotes the j-th element in B, where 1 <¢ < m and 1 < j < n. Here,
the time complexity is the number of comparison, addition, subtraction, and multiplication.
Answer the following questions.

(1) Assume that a; < ay and bj < by always hold, when 1 << ¢ <mand1<j<j <n.
Then, outline an algorithm of time conplexity O(m + n) that finds the minimum value of
|a; — bj| from all (i, j)-pairs.

(2) Outline an algorithm of time complexity O(m + n) that calculates the following equation

P.
P = ZZ((LZ - bj)Z

i=1 j=1

(3) Consider algorithms that enumerate all (2, j)-pairs satisfying a; = b;. Outline an algorithm
whose order of time complexity is smaller than m log, m-n log, n when log, n is sufficiently
larger than m. Moreover, give the time complexity of the algorithm. Here, we assume
that the time complexities of sorting the arrays A and B are ©(mlog, m) and O(nlogyn),
respectively.
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HEm OBER M, My, Ms NEREEBEICERE LIZIERTHORBIN TV, Thid+XTRLT
HbOTHEIIERTE 2. ERIIZOL1LZRATE EICEINTHT, IZROFMIZH -7~
W2 E 52 5. Fig SICTRT LI ICEROEMEZN TN, %3, 38T 5. TREEK
2k BRAEEZILTE. UTOMICEXL.

() 757097 LERD L.
(2) Eq. GAIZTT I /I oo FRANOERHFERRAEL KD L.

Gy, on
at \ox;) — ax; =123

() HEAREBBEZTNTRD L.

4) BEAM, My, Ms DIRIBZZNEFN A, A2, 43T 5. FHEARDRIIBITARE
ROEMEM A1z 4y 45, BEXOMIHEEIZS>WTHE K.
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Mass points M1, M3, and M3 with mass m are connected by springs with both ends fixed to walls. The

springs are all the same and the mass of the spring is negligible. The mass points are placed on a smooth

horizontal surface, and a minute displacement is given along the spring direction. As shown in Fig. 5,

the displacements of the mass points are defined as x4, x,, and x3, respectively. The spring constant

and natural length are £ and d, respectively. Answer the following questions.

(D

@

€)

(4)

Find the Lagrangian L.

Find the equation of motion from the Lagrange equation shown in Eq. (5A).

d (oL\ oL ,
i (a—XL) = 5—;1' (i=1,2,3) (5A)

Find all standard angular frequencies.

The oscillation amplitudes of the mass points M;, M, and M3 are defined as 41, 4>, and 4,
respectively. Discuss the amplitude ratio A;: 4»: 43 and the phase difference of each mass point at

each standard angular frequency.
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(1) %

0, ZanList

IZOWTEXS. 721EL, abalil<a<z Z2WlIETEEHTHY, zIi3EHTHAS.
ROMITEZ XK.

1, zp—a<|z|<zo+a
-

(a) BA%K f(z) DB 2T
(b) BE¥K f(z) D7 —V =Z5H F(w) 2RO L.

(€)@= 5o0 DEBITOVT, B F(w) DB LRI,

(2) 1751
21 2 1
313 4
A= 11 2 1
2 2 3 3
&

COWTEX S, ZIT, i IIREEMITHS. ROMICEL L.
(a) 1751 A DITFIERD X.

(b) A7l &R XK.

(c) T3 B DT R COBEFEEL ZNOICHIET HEERZ brikRo k.
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(1) Counsider the function
1, rp—-a<ijz|<20+a,
F(z) = < I
0, otherwise.

Here a and ¢ are real constants satisfying 0 < a < xg, and x is a real number.
Answer the following questions.

(a) Sketch the function f(z).
(b) Find the Fourier transform F(w) of the function f(z).

1
(c) Sketch the function F'(w) where a = 5%0-

(2) Consider the matrices

N~ W N
[N e e
W N W N

and

B=10 0 -1
: =1 0

)
o

|
o,
~——

Here ¢ is the imaginary unit. Answer the following questions.

(a) Compute the determinant of the matrix A.
(b) Compute A~1.

(¢) Compute all the eigenvalues and their corresponding eigenvectors of the matrix B.



