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Attention: Choose 2 questions out of the following 6
questions and answer each of them on a separate answer
sheet. You may use the backside. Questions are
written in both Japanese and English.



Question No. 1: Electromagnetics (1,/2)
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(1) BRE, BREHED, MAH, MAEEB, EREE, EWNBEEp2AWT, FHHEREEDIC
BiI3<7 272 V0 BER (BREBLIUHEACEATIHVRAOER, 7777 —DER
FEHOER, 77 -2 27z VOER) AT TRERE L. EHFEEEFOFE
R BIUOEERIIENENEe ukT5.

Fie, v 7 Az VOFRBALY, MATBOBEAO IV F—RFALZEMNL, £0
YMHEABRLBHRCHEATX. BETHIIE, X7 AKX V- (ExH)=H-(VXE) -
E-(WVxH)ZHAWE.

(2) Fig. 1 OBBEFER (r, ¢, 2) ITFT LT, EHEREPICAERq, S EEbOERIC
BEVWhZEMFEEE (SEHFHER 1355, Z0BEEOZBOEDFRICERRIZ —#RIZHT
L&, ROMIZEAX. 727EL, a<bTHY, ZOHEKOEBEREoLTH. T2, ER
BLUORRORMELIZZN D LTS,

(@) r<a, as<r<b, b<rOENENORKIIBIT2¢FAOBAHyDRES%E, T
URT OERERAVTRD L.

(b) PEAFHEEP (a<r<b) O zEOEDHFMOBRE,OKRE I ZRD L.

(c) PZEAHEEONMUREIZIITS (r=b), RALT 4 IRI MSORESLE
DHAERD L.

d) BAIEE (zhhFm) , BARFRIYNZ Y P EAEEEKICHRAT I BRIV —0
K& X%, Bk (z#hm) , BARBYZY ICEERARTHRINE Y =2—
BMLELL BT LERYE.

Fig. 1



Question No. 1: Electromagnetics (2,72)
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(1) Describe Maxwell’s equations (Gauss’s laws for electric and magnetic fields, Faraday’s
law of electromagnetic induction and Ampére-Maxwell’s law) in an isotropic medium
in differential forms using an electric field E, an electric flux density D, a magnetic
field H, a magnetic flux density B, a current density i and an electric charge density
p. The permittivity and permeability in the isotropic medium are € and u, respectively.

Furthermore, derive the law for the conservation of energy of the electromagnetic
field from Maxwell’s equations in differential forms, and briefly explain its physical
meaning. If necessary, use the vector formula V- (ExH)=H:-(VXE)—-E-(VXxH).

(2) As shown in the cylindrical coordinate system (r, ¢, 2) of Fig. 1, there is an infinitely
long coaxial hollow cylindrical conductor (isotropic medium) with an inner radius a,
and an outer radius b in an isotropic medium. Answer the following questions, when
a uniform current I flows through the conductor along the positive direction of the z-
axis. Here, a < b and the conductivity of the conductor is &. Furthermore, there is no
time change in the electric and magnetic fields.

(a) Find the magnitude of the magnetic field Hy in the ¢ direction in each of the
regions r < a, a <r < b, and b <r using Ampeére’s law.

(b) Find the magnitude of the electric field E, along the positive direction of the z-
axis in the hollow cylindrical conductor (a < r < b).

(0 Find the magnitude and direction of the Poynting vector § on the outer side of
the hollow cylindrical conductor ( = b).

(d) Show that the amount of electromagnetic energy that flows into the hollow
cylindrical conductor per unit length (z-axis direction) and unit time is equal to
the Joule heat consumed inside the conductor per unit length (z-axis direction)
and unit time.

Fig. 1



Question No. 2: Electrical circuits (1,74)
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(1) Fig. 2@ BT, RFABEOEBEIL E [V], T ab M, bc BlOBERZZILE
hv,V, [VITH3. Bl I, [A] RUFIRBRIC X VER L, L [A] <ZWREhs. &
RL DEMEIL 1ATHS. BRL 27— YORMEL T3, RRBROAREEK
iZ 100 rad/s, #EHII R=1Q, ¥+ L EZVRII C[F, A ¥& 2742V RiF L HTH
3. LToMcEX L.

(@ C=1/100 F, L=1/100 HO & ¥, I,, I, I3, V;, V,, E® 7 = — ¥R & #T. 7,
ER2EICE T 2AMEN LLEMWESN B, HOUIKHE cos§ %KD L.
b C=1/25 FDLt %, ERIFEELLS L OEOHEREZRD X,

(2) Fig. 20)DEIKICHF VT, RMEBFEOEBEIR E [V], AR o [rads), B24 v ¥
PRVRIE Ly, Ly Hl, MEAVYE 2222 M HTH3. BT cd BOBER
V, [V, 8F a,c *HPokMomzicHinsBRIEIENEN L, I, [A]TH 3.
M2< L L, /=3¢ L, UTORICEX X.
(a) Fig. 2(b)D EIR& I3 Fig. 2(c)PEIBE L FfiTH 5 T L &R+,
(b) Fig. 20)DEIBEDIRF c-d BEEHR L 2L &, WF abfroREANA Vv E—XY
AZp=E/L%, w, Ly, Ly, MEAWTERE.



Question No. 2: Electrical circuits (2,4)
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Question No. 2: Electrical circuits (3,/4)
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(1) For the circuit shown in Fig. 2(a), the voltage of the AC power source is E [V], the voltages
between terminals a and b, and between b and ¢, are V; and V, [V], respectively. The current I;
[A] is divided into currents I, and I3 [A] in the parallel circuit. The effective value of the current
I, is 1 A. The current I, is the reference phasor. The angular frequency of the AC power source
is 100 rad/s, the resistance is R = 1 €, the capacitance is C [F], and the inductance is L [H].
Answer the following questions.

(a) Assuming C = 1/100 Fand L = 1/100 H, draw the phasor diagrams of I, I, I5, V3, V5,
and E. In addition, find the effective power P,, reactive power P, and power factor cos 6 of
the whole circuit.

(b) Assuming C = 1/25 F, find the range of values of L over which the circuit becomes

inductive.

(2) For the circuit shown in Fig. 2(b), the voltage of the AC power source is E [V], the angular
frequency is w [rad/s], the self-inductances are L; and L, [H], and the mutual inductance is
M [H]. The voltage between terminals ¢ and d is V, [V], and the currents flowing through
terminals a and c in the directions of the arrows in the figure are I; and I, [A], respectively.
Assuming M? < L,L,, answer the following questions.
(a) Prove that the circuit shown in Fig. 2(b) is equivalent to the circuit shown in Fig. 2(c).
(b) When terminals ¢ and d in the circuit shown in Fig. 2(b) are shorted, express the input impedance

Z,p = E/I; between terminals a and b in terms of w, L,, L, and M.



Question No. 2: Electrical circuits (4,74)
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Question No. 3: Basic information science 1 (1/1)
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r,y,z € {0,1} 2EX, -, +,7 & ZhehiHEM (AND), #EM (OR), BFE (NOT) D
H2RTr 73, 3SERESBEBB M (z,y,2) 13, ANNEM2,5,2055, 220578302 1D
YEICH () ZHAL, FhlAOL i3 (0) 2HAT3METHS. £, SERRYT 4
B¥ P(z,y,2) BANEBD S bHHEM 1O 2icAERHAL, 2hlilor 2ic3Biihy
BB THE. LUTOMICER X.

(1) M(z,y,2) DT L AIRUREE] 2 R,

(2) P(z,y,2) &, M(z,y,2) L BEEEEZAVTREATEZ. COMEDIARALLT, z2=0%
z=1DFLITBWT, RAMKIULT 5 L 2T7E.

P(z,y,2) = M(M(Z,7,2), M(z,9,%), 2) (3A)

(3) »BHRBUHICOVT, HAMFRLRIANRY b AOBE, HABBLREAART P
OEHMBHE LWL &, FOREABEPIBEABLER. FIXIE, P(zr,y,z2) &, 8B DAAR
ZrAD35%42{(0,0,1),(0,1,0),(1,0,0),(1,1, N} R L TREHAL, ThbiAD4o
DRZ VRN L THEHHIT 3728, P(z,y,z) $FILBERTH 3.

(a) HR%Z 2 3 EHFURROEZRE.
(b) ROGERDOEBZHEL, RIBL & HITRE.
MER D 3 ERPIBIBUL, M(z,y,z) LBEHREZAVWTRETE3.)

Consider z,y,z € {0,1}, and let -, +,™ denote AND, OR, and NOT operators, respectively. The
3-variable majority function M (z,y, z) outputs true (1) when two or three of the input variables
z, ¥, and z are 1, and false (0) otherwise. The 3-variable parity function P(z,y,z) outputs
true when an odd number of the input variables is 1, and false otherwise. Answer the following
questions.

(1) Show a canonical sum-of-products form and a canonical product-of-sums form of M(z,y, 2).

(2) P(z,y,z) can be expressed in terms of M(z,y,2) and the NOT operator. As a proof of
this proposition, show that the following equation holds for each of z =0 and z = 1.

P(z,y,2) = M(M(%,7,%), M(z,y,%),2) (34)

(3) A logic function is referred to as a neutral function if the number of input vectors for a true
output is equal to that for a false output. For example, P(z,y, z) is a neutral function, be-
cause P(z,y, z) outputs true for 4 of the 8 input vectors {(0,0,1),(0,1,0),(1,0,0),(1,1,1)}
and false for the other 4 vectors.

(a) Give the number of distinct neutral 3-variable functions.

(b) Determine whether the following statement is true or false, and justify your answer.
“Any 3-variable neutral function can be expressed in terms of M (z,y,z) and the
NOT operator.”



Question No. 4: Basic information science 2 (1,71)
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EBEOEAX LYIZHL, BRXXYIIUTOLIICERINS.
XxY={(x,y)|x€eX,yeY}
TIZIT(xy)itx &y DIEFENEEKTS.
HEBDHEARA B, C,DITOVWTEZS. UTORERXMNEY LO0EH, TERENIRIL &
HITRHE.
(1) Ax(BUC)=([AxXB)U@AXC)
(2) AxB)Nn(CxD)=ANnC)x(BnD)
(3 (AxB)u(CxD)=(AuC)x(BuUD)

For any sets X and Y, the Cartesian product X XY is defined as follows:
XxY={(x,y)|xeX,yeY}
where (x,y) means the ordered pair of x and y.
Consider any sets A, B, C, and D. Determine whether each of the following equations
holds or not, and justify your answers.
(1) AX(BUC)=(AXB)U(AXC)
(2) (AxB)N(CxD)Y=(ANnC)x(BND)
B) AxB)U({CxD)=AUC)Xx(BUD)



Question No. 5: Basic physics (1,72)
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Fig. 5 IZRT L 512, B& 2a, BREM O—B2HEH, WA, BIIBEATHIRSIN2E
DERTKRERKENLDBINTWNS, BEOD FTIFTW5 2 ADRIIHRE & FITT, BT
BIELTWA. Bt = 0128V TBIOABEIN-EZOEBIC OV TUTORMICE R L.
IIT, AEDBLERHFORC, DOFROEZRRL L, KFEMEIZx ), SWETHRE
ZyEE LY, A BMOARBRETRE L RTAEL 0, BHKFECH LAV AEL o & T

5.::v,ewﬁfﬁfﬁfﬂuwbrzwmtwﬁuﬁﬁféébo&?é.it,%

T de’ de ' dt?’ de?

NEE, BOXSIIERTEZHb0LL, HETREOENNMEEDOKES 2 gL T5.

(1) AN EHBOENIBITHHEOEL G DEE(x,y) LAKS, ¢ DBFEEZRD L.

(2) BOBELESICET 3 EBHFER, BLUEORLE LY OEEICET 2 EHHERXER
X, ZIZT, ABBORIZIIELSRADKREEEZT LHE L.

Q) ABDORITIFTZHLB/BADOKRESIT 2RO XK.

A0t oxtDBEEELTRD, BREDOL) REBELTINTRAR LK.

C 0) D
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Question No. 5: Basic physics (2,/2)
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As shown in Fig. 5, a uniform rod of length 2a and mass M is suspended from a horizontal ceiling
by two strings of length [ tied at the ends A and B. The two strings suspending the rod are parallel to
the vertical and the rod is at rest. Answer the following questions about the motion immediately after
the string at end B breaks at time t = 0.

Here, the origin is the midpoint O of points C and D on the ceiling where the strings are hung, the x-
axis is horizontal to the left, the y-axis is vertical downward, @ is the angle that the string at end A

makes with the vertical downward, and ¢ is the angle of inclination of the rod with respect to the

. . d6 de d20 d?¢
horizontal. Here, terms above the second order with respectto 8, @, T T L T be neglected.

Furthermore, the weight of the string and the thickness of the rod can be neglected, and the magnitude

of the vertical downward acceleration of gravity is g.

(1) Find the relationship between the coordinates (x,y) of the center of gravity G of the rod and the
angles 8, ¢ for the motion immediately after the string breaks.

(2) Find the equations of motion for the motion of the center of gravity of the rod, and the equation of
motion for the rotation around the center of gravity of the rod. Here, let T be the magnitude of the
tension in the string at end A.

(3) Find the magnitude of the tension T in the string at end A.

(4) Find @ and ¢ as a function of t and explain how the rod moves.

y< C (0] D
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Question No. 6: Basic mathematics (1,71)
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(at — b)¢ iftz2
fie = b
0 if t< E
=L, aRUBDIZEDERTHY, cl3HEABKTHS. T/, tIXEHTHY, 0°=1¢
T5. BEFODTTTAERY
+00
Fo)=LIf()] = | f()ePdt
0
LEHTD. HIEL, pEERETHA LI RBERETHS. UTOMIZEL L.
NDc=0, c=1, RWc=2DHFPAITHWVT, f(t) DEFLH#T.
2 c=0, c=1, BEWc=2DHFAIZHOWVT, F(p) #RD L.
) EENRBHEEZANT, £ED cIZOWT, F(p) #RDX.

Consider the following function.

o

(at—b)° ift=-—
@)=

o Q

0 ift<—
a
Here, a and b are positive real numbers, and ¢ is a non-negative integer. In addition, t is a real

number and let 0° = 1. Let
400

Fp)=LIf®O]=| f()ePdt

0
be the Laplace transform of the function f(t), where p is a complex number with a positive real part.

Answer the following questions.

(1) Sketch the functions f(t) for the cases when ¢ =0, c=1,and ¢ = 2.
(2) Find F(p) forthe cases when ¢ =0, c=1,and ¢ = 2.
(3) Using mathematical induction, find F(p) for arbitrary c.



