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Question No. 1: Electromagnetics (1/3)
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(1) Fig 1@IZR ¥ & 512, ¥RaDEREMEEE 1, 2 Z2RZPICHRD (d »a) TETIZ
EEBTS. S 20hlghzylhs U, EE 1 0P LBOEEEZx =0, z=d&T5. U
TOMIZEZX. 72720, BEEOEME Ry, FERE,LT5.

(@) K1 IEFEBRINyEHOEDMEIZ, ¥E 2 ICEFERIMAyHOADOM EIZHAT
W3, ERITEEARENEZ —RIHERTWSb0E T 3.
() BEOBDAPO0,0,2)(a<z<d-a)llBIFIHREEBOKE I LMEERDL.
(i) EE 1, 2 R AEMBOYBFMBMEEH-VDOBCA V¥ 7 F U ALERD
. L, BEASOBRITERT L.
(b) HE1BIU 21y FMBAREIHZV+ABIL -2 (1>0) OBREWMREREN
—HIZHH LTV, FEENOBHAM TP LERHLET5.
() BEDOHEDAPWO,0,2)(a<z<d—a) CBITZBREDKEILMEERD L.
(i BEAEM Oy FRBEMRE EH- Y OB EBERRC,L, ¥R X.

(2) Fig. 10} R T L 512, BERT, ylil e FIT2¥RanERRMTHE3 2, xy FEIZF
T AN - BREREEOKRED HERL (h>» o) OMREICEEBETD. B3 0ol
EOEEEZx =0, z=h&T 5. EE3IyBAMBEMNRIHV+2 1> 0) OHBERH
— B LTWVB L E, UTORICEX K. 2L, BEZEOBERY L L, MGk
NOBERIFR TP LExFRE 3 5.

(@) Fig. I(IZRT X 52k 3 L EREREFOWELH#E, EXRIRETE.

(b) k3 L EBREREEOEOyHFRBEMEZH) ORFEFRCGERD L.

(c) HEE3 Mz, ylhe FITRNOERaDEREMFEEFEZx = 2h, z= HIREBE L.
TDLEHES LERIIREEFEOEOyEFMBEMEEHY OBEFRCIZRD L.
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Question No. 1: Electromagnetics (2/3)
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(1) Asshown inFig. 1(a), infinitely long cylindrical conductors 1 and 2 of radius a are located in parallel,
separated by a distance d (d > a) in vacuum. The central axis of conductor 2 is set along the y
axis and the coordinates of the central axis of conductor 1 are x =0 and z = d. Answer the
following questions. Here the permeability and permittivity of the vacuum are gy, and &,
respectively.

(a) A constant current I flows in conductor 1 towards the positive y direction and a constant
current I flows in conductor 2 towards the negative y direction. The current flow is uniform
through the cross-section of each conductor.

(i) Find the magnitude and direction of the magnetic flux density B at point P (0, 0, 2)
between the conductors (a <z < d — a).

(ii) Find the self-inductance per unit length in the y direction L of the round-trip line
consisting of conductors 1 and 2. Here ignore the magnetic flux inside both conductors.

(b) Static charges per unit length in the y direction of +A and —A (A > 0) are uniformly
distributed in conductors 1 and 2, respectively. The charge distribution within each conductor is
symmetrical with respect to the central axis.

(i) Find the magnitude and direction of the electric field E at point P (0, 0, z) between the
conductors (a < z < d — a).
(i) Find the electrostatic capacitance per unit length in the y direction C,; between the

conductors.

(2) Asshown in Fig. 1(b), an infinitely long cylindrical conductor 3 of radius a parallel to the y-axis is
located at a distance h (h > a) from the surface of a grounded infinite conducting plate parallel
to the xp plane in vacuum. The coordinates of the central axis of conductor 3are x =0 and z =
h. When conductor 3 is uniformly charged with a charge density per unit length in the y direction
of +1 (41 > 0), answer the following questions. Here the permittivity of the vacuum is & and
charge distribution within cylindrical conductors is symmetrical with respect to the central axes.

(a) Draw the cross section of conductor 3 and the conducting plate as shown in Fig. 1(b) and show
the electric lines of force.

(b) Find the capacitance per unit length in the y direction C; between conductor 3 and the
conducting plate.

(c) In addition to conductor 3, another infinitely long cylindrical conductor of radius a parallel to

the y-axis is located at x = 2h, z = h. Find the capacitance per unit length in the y direction



Question No. 1: Electromagnetics (3/3)
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Question No. 2: Electrical circuits (1/4)
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Fig. 2@IZRT X 912, ERAREBOXEREZTERIC, AREK o [rad/s] DEZXERH
BRLAVE—F L RZ[Q] DAREZNERER L. REBOZKRER (EER L FE
AVE—=F VR IX (v, Z)THB. Bl t[s] BLURELONME x [mlickiT 2REEE,
BREREHEEEFNFh o t) = Vel i(x,t) =L/t TR L E &, BRIRE V, LITKXT
Exbh3.

Vy =V*er* + V-e 7%,

1
Ix = Z_(V"'eyx — V_e_yx)'
c

y=a+jp.
TIT VLV TREAFRRERIIBITAAFNEER L RNEEHOERRIBELRL, a, B,
j XENFNRBEEEE [Np/m], MHEHK [rad/m], BEBEMTHS. x =0 I1IRBOZER
DONELTS. BROMADA U E—F L RTZ. LT3, LTOMICEZ L.
(1) Fig.2@IZBW\ T, x =0 BT 2RBBEOHERIREZV,, REEROBERREBL LT
5.
(@ VYeV-%, V,, Iy, Z., y D5 LHLEREEEZROTERYE.
b) ELE, Vy, Iy Z., y DO bMLBERER YA NTERE.
(2) Fig.2@IiZBW\WTZ=2 ¢ Lt &, BELOEBEOMEBNOZERAUERIA ¥ —F
VADBZ LB LAY L.
(3) Fig. 2@IZBWVT, BUEIHEVOREA ¥ 7 # X% L =0.25[pH/m), B R EH
=) ORBAER%E C =100 [pF/m], AREE% 0 = 10° [rad/s]& T 5.
(a) MBEOBMA L E—F R Z, BRERK o, (IHEEK f 2RO L.
(b) Z=50+,100[Q]D ¢ &, x=0ICBITIEEORFEE L BEEEERE ILEZRD X.
(c) TEHEZERLELLE, BEATI||BERLRZADI L, BHBZERIEIVAD
PLEZRD k.
(4) Fig. 20)ITRT X O IT, RERICEGTHATE, ZREED (1, Z,y) OREEA
—H R L, DAMTEEHRZE. x=0 LB 3EEORIER L ZBEEY 2, 2,
PRAWTERYE.



Question No. 2: Electrical circuits (2/4)
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Question No. 2: Electrical circuits (3/4)
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A sinusoidal AC power supply of angular frequency w [rad/s] and a load of impedance Z [Q] are
connected to the transmission and receiving ends of a lossless transmission line, respectively, as shown
in Fig. 2(a). Secondary constants (the propagation constant and the characteristic impedance) of the
transmission line are (y, Z.). The line voltage and current at time t [s] and position x [m] on the line
can be expressed as v(x,t) = V,e/%t and i(x,t) = I,e/*t, respectively. The complex amplitudes V,
and I, are given by

V,=V*te?* + Ve 7%,

1
Z_(V+er —-V~e™%),
[

I, =
y=a+jp.
Here, V* and V™ are the complex amplitudes of the forward and reflected voltage waves at the
receiving end, and a, 8, and j are the attenuation constant [Np/m], the phase constant [rad/m], and
the imaginary unit, respectively. x = 0 is defined as the position of the receiving end. Assume that the
output impedance of the power supply is Z.. Answer the following questions.
(1) The complex amplitudes of the line voltage and current at x = 0 in Fig. 2(a) are given by V, and
Iy
(a) Express V* and V™ interms of Vj, Iy, Z.,and y as necessary.
(b) Express V, and I, intermsof Vj, Iy, Z., and y as necessary.
(2) For Z = Z, in Fig. 2(a), prove that the impedance viewed from an arbitrary position on the line
towards the receiving end is equal to Z.
(3) Let the line inductance per unit length be L = 0.25 [uH/m)], the line capacitance per unit length be
C = 100 [pF/m], and the angular frequency be w = 10° [rad/s] in Fig. 2(a).
(a) Find the characteristic impedance Z, the attenuation constant «, and the phase constant
of the transmission line.
(b) For Z =50 + j100 [Q], find both the voltage reflection coefficient at x = 0 and the voltage
standing wave ratio.
(c) When shorting the receiving end, find the position closest to the receiving end, at which |V, |
on the transmission line is maximum.
(4) The load connected to the receiving end is replaced by a transmission line of secondary constants
(Y1, Z¢1) and a load of impedance Z_; as shown in Fig. 2(b). Express both the voltage reflection

and transmission coefficients at x = 0 in terms of Z, and Z,.



Question No. 2: Electrical circuits (4/4)
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Question No. 3: Computer hardware (1/4)
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nFEFEHKL L, nEE3MAN 2 HEHABEEF:{0,1,2)" > {0,1}2E X 5. X1, X5,..,Xp 1%
0,1, /1322 E LTLAANERTHE. ANERX, (i=1,2,..,n)2 b TIZANEES
DEIERSS{0,1,2H L, K, eSNLEX =1, BIUY X; ¢SO L X =0L EHT 5.
EBD 1,5, ...,5, €{0,1,2} (=xt LTX,51X,% - X, 5 % SR ERAHTE & PSS, SRETEORE
PR L S, REHEXSX? B TDi=1,2,.. 0220 TS| =123
¥, TheB/NALESR RUBFE2RETITIEO ) bREBBEEOESR/INOLDERK
INEFIRERE. BT, X, BIUX, 2 ANERL THMEFH Fig. 3@D L5 ICEES L
B4, FOBR/NBEDIZN L2 AHE L E/IEIBIIENENRUTOL IIT2S.

F(X, X,) =X, 0%, @ vx,@x,0yx @y, (B/NREOLM L2
F(Xy,X5) = X,9x,@ v x,@x, 08 (B/\fnf)

(1) X BEORXLEANEEL T2 2EK3EAN 2EHABBFIZIROX S ICERSND.
F(Xy,X;) = X1[11X2{0] VX]_{I}XZ{Z} VX1{2}X2{°} VXl{z}Xz{Z}
UTFORMIicEZ L.
(@) AN T 2BEFOBA%ERT L SIC Fig. 3b)0ZEREED L. BEITIX Fig.
3WEHELLTEATHZ L.
(o) BEFOR/NEFIFEZRD L. GHBERLRTI L.

(2) BAEFIEXy, Xp, BLUXZANERL T2 3 XK 3HEAN 2 HEHABKTHY, £A
Hiext3 2B FOH AL Fig. 3N X SicEREND. UTOMICEX L.
(a) BBFEZRTHR/NRADH NG RRZHMB L TE.
(b) BEFOB/NEEEZRD L. HEHBR LT Z &,



Question No. 3: Computer hardware (2/4)
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Question No. 3: Computer hardware (3/4)
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Let n be a positive integer, and consider an n-variable, 3-valued input, and 2-valued
output function F:{0,1,2}" - {0,1}. X;,X,,...,X, are input variables that take 0, 1, or 2
as values. For input variables X; (i = 1,2,..,n) and a subset S &{0,1,2} of the input
value set, it is defined that X, =1 if X; €S, and X;* =0 if X; € S. For any S5,,5,,..,5, €
{0,1,2}, X;51X,% .. X, is called a logical product term. A logical sum of logical product
terms is called a sum-of-products form. When a logical product term X;51X,%...X, 5
satisfies |S;| = 1 forevery i = 1,2,...,n, it is called a minterm. Among the sum-of-products
forms representing the same function F, one with the minimum number of logical product
terms is called a minimum sum-of-products form. For example, when a function F with
input variables X; and X, is defined as in Fig. 3(a), a sum-of-products form consisting of
minterms only, and a minimum sum-of-products form, of F are as follows:

F(X.X,) = X,0%,@ v x,@x,0 v x, @x,1 (sum-of-products form consisting of minterms only)
F(X1,X,) = X,9%,@ v x,3x,°Y  (minimum sum-of-products form)

(1) The 2-variable, 3-valued input, and 2-valued output function F with input variables
X, and X, is defined as follows:
F(Xy,X,) = X1{1}X2{0} Vv X1{1}sz VX1{2}X2{0} VX1{2]X2(2}
Answer the following questions.
(a) Fill in Fig. 3(b) so that it shows the output of the function F for all inputs. Copy
Fig. 3(b) and use it for your answer.
(b) Find a minimum sum-of-products form of the function F. Also show the derivation

process.

(2) The function F is a 3-variable, 3-valued input, and 2-valued output function with
input variables X;, X,, and X, and Fig. 3(c) defines the output of F for all inputs.
Answer the following questions.

(a) Show a sum-of-products form consisting of minterms only that represents the
function F.
(b) Find a minimum sum-of-products form of the function F. Also show the derivation

process.



Question No. 3: Computer hardware (4/4)
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Question No. 4: Computer software (1/2)
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KOCEFBROBEKE L gaELD. HELuXBEER opl2 0BHEZITRY 12
OBEEZETHEEETS. 72, BROKE SIZHRIZIRVWETS. n/2 8K Tni2i3EN
FnZ 2 TCHOoLLEOBHBLVRY 2RT

int f(int m, int n) {
if (n == 0) return u;

else return op(m,f(m,n-1));

}

int g(int m, int n) {
if (n == 0) return u;
else if (n%2 == 0) return g(op(m,m),n/2);
else return op(m,g(m,n-1));

}

EEOEH D L AR 0 IZHL, f(n,n) BEXWgln,n) ZHET IR op BTN S E
BEENFNh A BIURB, ¢35, UTOMIZEZX.

(1) uz0:l, EEOBHx &y AL opx,y) Rx+y KELVWET S, £(2,3) BLT
A ZRD L. RPOHELEL L.

2)uzlil, FEOEHx LyltxtL op(x,y) ExxyIZELWET S, g(3,8) BLW
Bs %R L. BPOHEBLELZL.

(3) n>272biXlog,n < B, < 2logyn 725 Z L& n BT 2 RANIETRE.

(4) ulopMExbh, EEOCER x LIFABEy ITHL, op(x,x) T£(x,2) LHLL,
f(£(x,2),y) 1T £(x,2xy) EHLWET3. EROEBHn LIFABK I L £(n,n)
L glm,n) IIELWI ¢ % n BT 2 RBMIETTE.



Question No. 4: Computer software (2/2)
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Consider the following functions f and g in a C-like language, where u is a constant
integer, op is a function that takes two integers and returns an integer, and the size of
integers is unlimited. n/2 and nJ%2 respectively denote the quotient and remainder of n
when divided by 2.

int f(int m, int n) {
if (n == 0) return u;
else return op(m,f(m,n-1));

}

int g(int m, int n) {
if (n == 0) return u;
else if (n%2 == 0) return g(op(m,m),n/2);
else return op(m,g(m,n-1));

¥

For any integer m and non-negative integer n, let A, and B, respectively be the numbers
of calls to op when f(m,n) and g(m,n) are computed. Answer the following questions.

(1) Let u be 0 and op(x,y) equal x+y for any integers x and y. Find £(2,3) and As.
Show also the intermediate calculation.

(2) Let u be 1 and op(x,y) equal x*y for any integers x and y. Find g(3,5) and Bs.
Show also the intermediate calculation.

(3) Show by induction on n that logon < B, < 2log,n if n > 2.

(4) Suppose that u and op are given, and that for any integer x and non-negative integer
y, op(x,x) equals £(x,2), and f(f(x,2),y) equals f(x,2*y). Show that f(m,n)
equals g(m,n) for any integer m and non-negative integer n by induction on n.



Question No. 5: Physics (1/2)
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N BOMIIL 7R FTHEREN, BE T ORBLOM TREEFRBICHIREELXS. ZIT, I0
RICBITIBRFOHADITRL, BFEOEIIZT2VDLDETS. Fiz, B2 DRLFIXIZ DT RNVF—
& =0 L & = Ep DWTIODOREERY, R FHOBEEERIZRZVLDOLETS. —EFBTIZRBNT
RIIHFIAFETHILIRBOLTS. ROFEREEIL Zy, RNV BEIT kg, ~V LRV
DBBHTZFNVF— Fy X - kgTlogZy TREINZLDLT 3.

2
(D N=1DFEEXS. ZIT, ZOROSEEE Z, 1T Zexp (-I;—‘T) , RLFHS g DIRIBEZERD
i=1

B p 13— TBT "_L CREN, py+pp = 1 THB. UTFORICERL

(a) Z1’ pl) pz %T, EA: kB 05.675)6%‘%7";‘{)0)%%‘/\1%'&.

(b) ZOFRDA~NVLFNVYDBEBRTINE— F%ET, Ep, kg DIB0LERLOERAVTERE.

dF,
(2) N> 1DOFEELXD. 2T, ZORDYERBEK Zy 1% (Z)V, = bae'— Sy it — -a—T”

NEZRNAX— Uy 1T Fy + TSy TEIND. LTOMICE XL,
(@) ZOFZDANVEFVYOBBRIFIVE—Fy%T, N, Es, kg DYLDLLERLOEFAVTRE.

kBT

(b) Sy & Uy % T, N, Ep, kg DILMOLERLOZRAVTER. &b, #tthz E’ mm —
A

LT B757DBRRE T,

() ZOFRD—EFERT CORER (ROBES 1K LAIEI=DITLERAR) Cy &
T, N, Es, kg DO OLERLOEFHWVTERY.



Question No. 5: Physics (2/2)

2025 4 3 A £k
M5 i
EB72ER%®)

Consider a system composed of N independent particles in thermal equilibrium with a thermal
reservoir at temperature T. Here, assume that no particle enters or leaves the system, and there is
no change in the number of particles. Moreover, assume that each particle takes one of two states with
either energy & =0 or & = E, and there is no interaction between particles. Suppose that no
external work is done when the system volume is constant. Suppose that the partition function for the
system is Zy, and the Boltzmann constant is kg, and the Helmholtz free energy Fy is expressed as
—kgTlogZy.

(1) Consider a system with N = 1. Here, for this system, the partition function Z, is expressed as
2

£.
exp (— kB_lT) , the probability p; that the particle takes the state with energy ¢; is expressed
i=1
£
exp (— 1)
as — , and p; + p, = 1. Answer the following questions.

Z
(a) Write expressions for Z,, p;, and p, using the necessary terms from T, E,, and kg.

(b) Write an expression for the Helmholtz free energy F; of the system using the necessary terms
from T, E4, and kg.

(2) Consider a system with N > 1. Here, for this system, the partition function Zy is expressed

oF,
as (Z)V, the entropy Sy is expressed as — 6—1’}’, and the internal energy Uy is expressed as

Fy + TSy. Answer the following questions.

(a) Write an expression for the Helmholtz free energy Fy of the system using the necessary terms
from T, N, E,, and kg.

(b) Write expressions for Sy and Uy using the necessary terms from T, N, E,, and kg.

U kgT
Moreover, sketch a graph with ﬁ- as the vertical axis and EL as the horizontal axis.
A A

(c) Write an expression for the heat capacity (the amount of heat needed for a temperature

increase of 1 K) Cy at constant volume of the system using the necessary terms from T, N,
EA’ and kB'



Question No. 6: Basic mathematics (1/2)
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(1) #ERFE LOFER|Z| <1 OEEOERE ZITH LT, UTOMICEX L.
N+
';z RRRD ST kBT

-z

N
@) ARDEEDOEDNEHNIZHLT, 1+4) "=

n=|

(b) 1+ 2" =]-]— A YA N s
-2z

n=|

(c) ]+§(n+l)z"=(l I )2 BV IHZ L&A,

n=1 -z

exp(z) — = < o 2 3
(d) f(z)=m02=0®ibv)0)7‘/f T —BM ay+ ) a,z" D ag+az+ayz” +azz

n=1

FTOEEZRD L.
a b ¢ d
L -b a -d c . R .
(2) EFTTHIA= e d o b ¥Ex25. UTOMIZEZ L.
-d —-¢ b a

(a) A DEBITH ‘4 %E;1T.
(b) ‘A4 %R k.
(c) ADIFIIK|A| DfEZRD L.



Question No. 6: Basic mathematics (2/2)
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(1) Answer the following questions for any complex number z of a region |z| <1 in the complex

plane.
N l - zN-H
(a) For any finite positive integer N, show that 1+ Zz" = "
n=1 -z
— 1
b) Showthat 1+ ) z"=——.
(b) Zl —
+00
(c) Show that ]+Z(n +1)z" = T
n=| (l - Z)
— exp(z)
(d) Find the Taylor expansion g+ Za,,z" of f(2)= R P 7 around z=0 up to
n=l1 2
ag+az+ azz2 + a3z3 .
a b ¢ d
. . -b a -d c i .
(2) Consider the square matrix 4= d 5| Answer the following questions.
-d -¢c b a

(a) Write the transpose matrix ‘4 of A.

(b) Calculate ‘A4.

(c) Find the determinant |A| of A.



