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Question No. 1: Electromagnetics (1/3)
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Question No. 1: Electromagnetics (2/3)
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Answer the following questions. The permittivity of vacuum is &g.

(1) Using an electric field E and an electric charge Q, show the equation of Gauss’s law in integral

form for the electrostatic field in vacuum and explain its physical meaning.

(2) The coaxial structure shown in Fig. 1(a) is placed in a vacuum. Conductor | is a conducting cylinder
of radius a and conductor Il is a conducting hollow cylinder of inner radius b (b > a). Conductor
I and conductor II are sufficiently long such that edge effects are negligible. Answer the following
questions.

(a) Electric charges per unit length of +1 and —A are given to conductor I and conductor II,
respectively. Find the magnitude of the electric field at a distance r from the central axis
(a < r < b) using Gauss’s law. In addition, find the electrostatic energy per unit length stored
between conductor I and conductor II.

(b) Find the capacitance per unit length between conductor I and conductor II.

(c) Conductor I is grounded and an electric potential U is applied to conductor II. Find a that
minimizes the magnitude of the electric field on the surface of conductor I when U and b

are constant.

(3) As shown in Fig. 1(b), a single-turn circular coil of radius R made of a conductor is placed in a
vacuum. The capacitance of the coil is C. The coil is parallel to the xy-plane and the center O of
the coil is located at the origin (0, 0,0). The thickness of the conductor of the coil can be neglected.
When the coil is grounded and a point electric charge @, (Q; > 0) is placed at position P (0, 0, h),
an electric charge of —Q, (Q; > 0) is induced in the entire coil. Answer the following questions.

(a) Find the electric potential on the coil created by the point electric charge.
(b) Express the capacitance of the coil € interms of &, R, h, @4, and Q,.



Question No. 1: Electromagnetics (3/3)
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Question No. 2: Electrical circuits (1/2)
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Question No. 2: Electrical circuits (2/2)
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(1) Consider the circuits shown in Figs. 2(a) and 2(b), which consist of a resistance R [Q2], an inductance
L [H], a capacitance C [F], a transformer, and an AC power supply ¥ [V] operating at an angular
frequency o [rad/s]. The self inductances of the primary and secondary sides of the transformer are
L\ [H] and L, [H], respectively, and the mutual inductance is M [H]. Let j be the imaginary unit
and answer the following questions.

(a) Find the input impedance between the terminals a-b in Fig. 2(a).

(b) Find the angular frequency @o [rad/s] giving the maximum magnitude of the phasor for the
current / [A] in Fig. 2(a). Furthermore, express the voltages ¥ [V] and V¢ [V] across the
inductance L and the capacitance C, respectively, for o = @w¢ in terms of R, L, C, and V.

(c) When the circuit in Fig. 2(b) is equivalent to that in Fig. 2(c), find the impedance Z [Q].

(d) For @ = wo and R = 0, find the coupling coefficient of the transformer, for which the input
impedance between the terminals c-d in Fig. 2(b) is zero. Here @ is the angular frequency

obtained in question (1)(b).

(2) Consider the case that the switch S is closed at the time ¢ = 0 for the circuit consisting of an
inductance L [H], a capacitance C [F], and a DC power supply £ [V] as in Fig. 2(d). The current
flowing through the circuit and the charge stored in the capacitor are labeled as i(f) [A] and g(¢) [C],
respectively; the initial values of the current and the charge at + = 0 are i(0) = 0 and ¢(0) = 0,
respectively. Answer the following questions.

(a) Find i(f) and ¢g(¢) for ¢ > 0.
(b) Find both the maximum voltage vmax [ V] across the capacitance C and the minimum value #r, [s]

of the time at which the voltage is a maximum.
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Question No. 3: Computer hardware (1/2)
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x-1l=x x+0=x
x-0=0 x+1=1
X'x=x xX+x=x
Xy=y'x x+y=y+x
x-(y-z2)=(x-y)z x+(+2)=x+y)+z
x-(x+y)=x x+x-y)=x
x+2)=x-y)+(x-2) x+@-2)=x+y)-(x+2)
x-x=0 x+i=1
X=x
Xy=x+y X+y=x'y

Fig. 3




Question No. 3: Computer hardware (2/2)
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Suppose that x;, x5, x3, X4, x, ¥, z € {0,1} and that -, +, and ~ denote AND, OR,
and NOT operations, respectively. Suppose also that these logical operations satisfy the
axioms shown in Fig. 3 and that - has higher priority than +. Answer the following

questions.

(1) Derive the equation x; - (¥7*¥3) + X1 * (¥ * X3) = X1 * X; by using the axioms in Fig. 3.

(2) Simplify ¥ %5 X4+ X1 ' X" %3 + X1 * X3 (X3 + x4) by using a Karnaugh map. Also
show the Karnaugh map you used.

(3) Construct a logical circuit that outputs the value of X7 x, + x; * Xp " X3 + X7 * %3 * X3 +
X, - X7 ' x3'X; for inputs x;, X,, x3, and x,. You should use only a number of NOT
gates, 2-input OR gates, and 2-input AND gates, and you should minimize the total

number of gates. Also, show the process of deriving the circuit.

x-1l=x x+0=x
x-0=0 x+1=1
X'x=Xx X+x=x
X'y=y-x x+y=y+x
x-y-2)=(x-y)z x+(+2)=x+y)+z
x-(x+y)=x x+(@x-y)=x
x+2)=x-y)+(x-2) x+(y-z)=x+y)-(x+2)
x'Xx=0 x+x=1
X=x
y=%+7 xFy=%-y

Fig. 3



Question No. 4: Computer software (1/2)
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BEAZERLL, FHAOERIIEBOANDETERL YV KEL, ABHSAOEERUTTH
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(2) 2RFEAL 251 B LT HUTORREK f(t) 2 TITER L THA ShIBESZET.
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fed
t BZER B ST return 35;
tOROBEREH T35,
t DEWHARIZ f BT 3;
t OBREHIARIC f ZBERAT 5,

}

(3) TIZHLTUTOT ey 7 heFTLTHASKA BRI ZET. ZITREOXETHE
MbHHAT L.

q ¥ EDR/FLITHIL T 5;

qiZT Z2AT3;

[¥31TB ¥/ qMERLIE T 0 ST LERTT5;
gMbARE—DOEROHLL ETS; /*tidghbHIBREND */
tREbifkn 13178 TR,

t DIROBFREZH AT 5;

tDERHIARE ¢ ITHAT 5,

t DREHDKE g ITHATS;

o 131TR) ITR3;

(4) EED 2 HBFA LIZxt LT (2) 0 f(t) LA CHAFZ 523, BRETRVOEK
g(t) B2 Z v 7 #RVTET.



Question No. 4: Computer software (2/2)
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Consider binary search trees where the elements are integers, and the element of each node
is greater than each element of the left subtree and less than or equal to each element of
the right subtree. Let T be the binary search tree obtained by inserting into an empty
tree each of the integers 4, 5, 2, 3, 1, 6 in this order as a leaf. In what follows, we use

pseudo-code resembling the C language. Answer the following questions.
(1) Draw T as a tree structure. You may omit empty subtrees.

(2) Write the sequence of integers that is output by applying to T" the following recursive
function f(t) that takes a binary search tree ¢ as an argument. Also, explain the

reason in several lines of text.

O

If ¢ is empty, do nothing but return;
Output the element of the root of ¢;
Apply f to the left subtree of ¢;
Apply f to the right subtree of ¢;

}

(3) Write the sequence of integers that is output by executing the following program for
T. Also, explain the reason in several lines of text.

Let g be an empty queue;

Enqueue T to q;

/* line 3 */ If ¢ is empty, terminate the program;
Dequeue a tree t from g; /* ¢ is removed from ¢ */
If t is empty, go back to “line 3” above;

Output the element of the root of ¢;

Enqueue the left subtree of ¢ into g;

Enqueue the right subtree of ¢ into ¢;

Go back to “line 3” above;

(4) Write a non-recursive function g(t) that gives the same output sequence as f(t) in
question (2) for any binary search tree ¢t by using a stack.



Question No. 5: Physics (1/4)

2024 £ 8 A%
GIRES ¥E
(1RB /74 B)

B35 B = (0, 0, B,) FiZ@EHNi- Fig. 5 TRINBIIREBIRBW, E&D, RSL, WKL,
DKLYDHT, FHOBHBEFOEADOHNICI>TERBAEL, BFRIEOERFREILOERIC
2B B EFOBENEHRFBENG t TECTVBRRBITOVWTELS. ZZT, £BIKPOEZBH
BFiL, B —e, AHERMELOLOLTS. BRETFOERICOWTL, BRHETFTERN f#E, ¥y
HE v = (v, vy, v,), FEBHRBEIOBTIP = (P, By, P,) THDLDLTS. £BRPICHNT,
BESLE = (Ex, Ey, E;), BHREEL] = (e, Jy, J2) £T5. F1 2BLTRALZETITRF2
I B2, T3 LT HOITFHHL TRV GDEE 2 3.

ZOBRBIZEBNT, 1 BAOBBBEFIZOWVTEVIER dt ORICEES A CIHEERIT % TRIh,
BREFIIRITIEICTRTOEHBEZEIBOLTS. -, BHLER»S 1 BOEHEFH
2135N%F = (F, F, ) LT5LE, dt DFICELS P OFEA{LiX dP = NFdt - P% DE3IzRSH,

dp
ERIREBIZIBWT T (0, 0, 0) THRZHLDLTS.

(1) B, =0ThAL%, LLTOMIZEZL:
(a) F#e, v, EOYOLMLMELRLOERAVTERY.

(b EHEREICBIE] Ee, m 1, N, L, D, W, Ey, E,, E,DbLLERLDERANT
R

© Zo&BOMERg%Ze, m, 1, N, L, D, WDSLLLLELRLOZRAWVWTEY.

(2) B, >0 TharL%, LLTORIZEZL:
(@ F#%e, v, E, BOYOoOOMLERVLOEAWVWTERE.

(b) ﬁ:’ﬁ%?gf:ﬁ”éﬁ% Exa Eyr Ez%ey m, T, N: L’ Dv W’ ]x, ]y: ]z) Bz 0)5%73)6
VERLDERNTRE.

(0 EEREBIIBITIMFILETF4IOMICECIEBEV,~V,%e, m, 7, N, L, D, W,
Jor Jys Jzo By DOODORLERBDERNTRY.



Question No. 5: Physics (2/4)
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Question No. 5: Physics (3/4)
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Consider a phenomenon in which the flow of a group of many free electrons generates
an electric current, and scattering of the free electrons by collisions with lattice defects or
lattice vibrations occurs at a mean time interval 7, in the metal plate (width W, thickness D,

length L, W « L, D « L) shown in Fig. 5 placed in a magnetic field B = (0, 0, Bz). Here, each

free electron in the metal plate has electric charge —e and effective mass m. For the group of
free electrons, suppose that the number of free electrons is N, the mean velocity is v =

(V. vy, v;), and the sum of each momentum component is P = (B, P,, P,). In the metal plate,
suppose that the electric field is E = (Ex, E,, Ez) and the electric current density is J =

Uz Jy» Jz). Suppose that the electric current entering through terminal 1 flows out through
terminal 2 but not through terminals 3 and 4.

In this phenomenon, suppose that, for each free electron, the probability of scattering in

dt
a short period of time dt is expressed by Py and that the free electron loses all its momentum

every time scattering occurs. Moreover, when the force that the free electron receives from the
electric field and magnetic field is F = (Fx, E, F},), suppose that the change of P that occurs

dt
in dt is expressed as dP = NFdt — P? and let Z—‘: = (0, 0, 0) in the steady state.

(1) Inthe case B, = 0, answer the following questions:
(a) Write an expression for F using the necessary terms from e, v, and E.

(b) In the steady state, write an expression for J, using the necessary terms from
e,m 1, N, L, D, W, E, E,, and E,.

(c) Write an expression for the conductivity ¢ of this metal using the necessary terms
frome, m, 1, N, L, D,and W.

(2) In the case B, > 0, answer the following questions:
(a) Write an expression for F using the necessary terms from e, v, E, and B.

(b) In the steady state, write an expression for E,, E,, and E, using the necessary
terms from e, m, 1, N, L, D, W, ], ], J;, and B,.

(© Inthe steady state, write an expression for the voltage V, — V3 which is generated
between terminals 3 and 4 using the necessary terms from e, m, t, N, L, D, W,

Jxs Iys ]z, and B,.



Question No. 5: Physics (4/4)

2024 &£ 8 AEk
IfES Wi
(4EH. 4 BE)

z
Terminal y
4 A 4 l X
(Voltage V,)

=N

Terminal RN ' Terminal
1 A R 2
""""""""" ; :_‘:'"*-.'._T""'“" S @®--

Metal plate AN D
" ‘\ \/
K (Voltage V3)

Terminal
L 3

WKL DKL

Fig. 5



Question No. 6: Basic mathematics (1/2)
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() ROEBEERANT, UTORMICEL K. HREL i IBEEML LTS,

(] SR LBEREE fITHLT, z=x+iy, f@)=ulny)+ivxy) B, T
L, x& yRENFNERE ORI LB, u(x,y) & vix, ) IXEREN f(2) DHEE
LIBE LT B, f(2) BEK D TERITH ST DDOLBETFRHITLUTTHS.

D u(x, y) BECv(x, y) BEIK D TRESTETH Y, TOREBPESERLRTHDZ L.

R . ou(x,y) ov(x,y) Ou(x,y) ov(x,y)
@ a—v— . )—=0BFEN = , = > D T

Wz L.
TDLE, FERDIZBWVWT f(2) DEBBEBROKXTEZLLNS.

df(z) _u(xy) v(xy) _ov(xy) ,0ulxy)
dz ox ox Oy oy

(a) B f(2)=sin(z) B z=0 ZEEBOHFRK 2 IZTOWTERITH Y, £OHEEKA
%=cos(2) KEVEENS D L ERE.

(b) ERIBEE f(2) DEIN u(x,y)=x"-3xy’ THEZBND f(z) KD L.

)] ﬁﬁllA:C :Z) WZHOWTEZS, UTOMIZZE X X.

@ ADTRTOEBMHEEZFNSIZHIETIBEERS iRk k.
(b) P'APHXATTIIE LTEZONB LS REATHI P 2T, PAPERD L.
(c) A"ZRDL. ZZT, niZEDEKTHS.



Question No. 6: Basic mathematics (2/2)
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(1) Answer the following questions by using the following theorem. Here, i is the imaginary unit.

[Theorem] Let z=x+iy for the function f(z)=u(x,y)+iv(x,y), where x and y are the
real part and the imaginary part of the complex number z while u(x,y) and v(x, y) are the
real part and the imaginary part of f(z), respectively. The necessary and sufficient conditions so

that f(z) is an analytic function in a region D are as follows.

@ It is possible to partially differentiate #(x, y) and v(x, y) in the region D, and their partial
derivative functions are continuous.

Ou(x,y) _ v(x,y) Ou(x,y) __ov(x,y)

, are satisfied in the
Ox oy Oy

@ The Cauchy-Riemann relations

region D.

In this case, the derivative function of f(z) inthe region D is expressed as follows.

daf(z) _Oulx,y) ,ov(x,y) _ov(x.y) _,o0u(x,y)
dz ox ox oy oy

(a) Show that the function f(z)=sin(z) is an analytic function for any complex number z

4 (2)
dz

except for z =00, and that the derivative function can be expressed as =cos(z).

(b) Find the function f(z) so that the real part of the analytic function f(z) is given by

u(x,y)= - 3xy2 .

1
(2) Consider the matrix A= (4 ] . Answer the following questions.

(a) Find all the eigenvalues and their corresponding eigenvectors of 4.

(b) Find P'AP by using an invertible matrix P so that P 4P becomes a diagonal matrix.

(c) Find 4". Here, n is a positive integer.



