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LR A¥RBEE (SFUCES I 2 6 1)

B 5 (Mathematics)

(THho 1)

Tff Tt

fiftZ: . OTEE (Instructions):

1. AL, [4hD] OAK G 2 F THRW TR B0,

Do not open this cover sheet until the start of examination is announced.

2. MMM Z Z O T, MERMIT 3K SS0 1 0HIZHE 1) ThH 5.
You are given 7 problem sheets including this cover sheet, and 3 answer sheets (1 sheet for

each field).

3. LN D6 08D 3B ORET 52 & AL B EICHEARZNICT S Z L.
Select 3 fields out of the following 6 fields and answer the questions. You must use a separate

answer sheet for each of the fields you selected.

gk field page
1| #IBAE Linear algebra 2
2 | o R Differential equation 3
3| X7 FRFT  Vector analysis 4
4 | BFEESEGR Complex function theory 5
5 | FER - Hrat Probability and statistics 6
6 | Flramils Symbolic logic 7

4. FREAMO IS, L, a—24 (FREHFE AR, 8RO EERS (OTHT) , =
BRE TR IOCRAZREATLHZ L.
Fill in the designated blanks at the top of each answer sheet with the department name,
course name (except the department of informatics), the selected field number (mark with a

circle), your examinee number and your name.

5. R IIMEMMICTHEAT 22 L. AR=ANRY 2WEAREERZHOTHLRWR, Z05
i, BEICMEPRHDL LWL T DI L.
Write your answers on the answer sheets. You may use the backs of the answer sheets when

you run out of space. If you do so, indicate it clearly on the sheet.

6. WRIE, AARE, EHOVTROTEAT S L.

Your answers must be written in Japanese or English.
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% (Mathematics)
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6 7DD BLING 3 NHAROMREST L2 L. BATEERICMEMRERINCT S L.

Select 3 fields out of the 6 fields and answer the questions. Use a separate answer sheet
for each field.

Tff it

1. [#AR3 (Linear algebra) 53 7]
%(5” Qg, A1, az,"'ﬂi, ag = 3, a; = l, a9 = 3%4:0‘\

Ay, = Ap_1 + Ap_o + 20p_3 (n=3,4,5,-)
TEZRIND.
(1) as, aq, as 2R L.
(2) n=0,1,2,IZOVWTKRBRLD K 5 R1THI T 2K 2 K.

Ant1 Qn
Api2 | = T QAp1
An+3 Any2
(3) T DT RTOEAMEE ZNZEIUCKHET DEART MLz RD L.
3
(4) <7 bV | 1| &, BIRTRDIZEG X2 MLVOBIERA L LTHRE.
3
(5) a, R L.
Consider the sequence ag, aq, as, ... defined by ag =3, a; =1, as = 3 and
Ap = Qp_1 + Qp_o + 20,_3, n=3,45,....
(1) Find a3, ay and as.
(2) Give the matrix 7" such that
Ap41 Qn,
Qpy2 | = T Qp+1
Ap43 Apn42

forallm=0,1,2, ....

(3) Find all eigenvalues of T and their corresponding eigenvectors.

3
(4) Express the vector | 1| as a linear combination of the eigenvectors obtained in the

3
previous question.

(5) Find ay,.
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B AYRBRATE (BRUCES A 2 6 H)

B 5 (Mathematics)
(Tt

6 DD LG 3 ERVRETHZ L. BAESHEICREARERNICTHZ L.
Select 3 fields out of the 6 fields and answer the questions. Use a separate answer sheet
for each field.

Tff it

2.

(#5772 (Differential equation) 435 ]

B y(x) D5y

d
(2t — 1)d—y = y? + 223y — 322
T

IZOWTLL FORWCE z L.

(1) Gz oo iy, y,(r) = ax® OFRORBRREFFD. y,(z) ZRDO K. 7275 L a
TEE LTS,

1
(2) HAR y,(v) & Bk u(z) 2Ty =y, + - LRE, —RERD K.

Consider the differential equation

d
(2t — 1)d—y = y? + 223y — 322
x

for a function y(z). Answer the following questions.

(1) Find one of the particular solutions y,(z) of the form y, = az®, where a is a constant.

1
(2) Obtain the general solution with the replacement y = y, + —, where u is a function of z.
u



ANl ALY ANl ‘ $&$%:Ik N
A2 UNKAERFBE S AT MR B T
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EiE AERBRME (R4 8H 26 H)
AY /A )&L’ .
% (Mathematics)
(Tt 1)
6 7DD BLING 3 NHAROMREST L2 L. BATEERICMEMRERINCT S L.

Select 3 fields out of the 6 fields and answer the questions. Use a separate answer sheet
for each field.

Tff it

Y,

3. [~7 FAEHT (Vector analysis) 4357 ]

B RICHBWNT, o, y, z WMDY MvEZhEie, j, k&35 IROKM

W&z L.

2 2
(1) ﬁz:x2+y2&ﬁz:(az—%) +(y—%> IZOWT, ROWIZE X L.

47 44
(b) MPIZBWT, TNENDOREDERD 2T AERD L.

(a) ﬁP(ﬁ @ l) B, WTFNOHEIZHEEND Z L 2Rt

(2) X7 MG AEZA=0?1— Y’ +22k T D, SE*+9y*=9, 2=0, z=4THEN
AR ORm ET D EX, mWES
//A-ndS
s

ERDE (72721, nit S OO X BALERAR Y [ L),

The unit vectors on x, y and z axes of Cartesian coordinates are denoted by ¢, 3 and k,

respectively. Answer the following questions.

1\? 1\?
1) Consider the surfaces z = 22 + ¢y? and z = (x — —) + < — —) . Answer the
(1) y 7 7

following questions.

2 V2 1
(a) Show the point P (%—, %, Z) is included in both surfaces.

(b) Evaluate the angle between the normals to the surfaces at the point P.

(2) Let the vector field A = 2%t — y*j + 2?k and S be the surface of the cylinder bounded

by 22 + 4> =09, 2 = 0 and z = 4 . Evaluate the following surface integral

//A~nd5,
S

where n is the outward-pointing unit normal vector of S.
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6 DD LG 3 ERVRETHZ L. BAESHEICREARERNICTHZ L.
Select 3 fields out of the 6 fields and answer the questions. Use a separate answer sheet
for each field.

Tff it

4. [#FEE%GH (Complex function theory) 4357 ]

IR 2 FHEICBITS e =1,y=1,y=1—2 CHENZ="MAEKRS 2E2 5. IFTOE
AT SHREHEIND wFEOEK S KR T 5 L3k, & AHOEROFREXEZRE.
7L, z=x+iy, w=u+iv XERE, r,yuvIEFEE i=v/-1Tbhbb.

(1) w=2+(1—3i)

(2) w=2e%z+ (1 —/3i)

(3) 22

g
|

yl\

v

Consider the triangle region S bounded by x = 1,y = 1 and y = 1 — x in the 2z plane as
shown in the figure. Illustrate the region S’ in the w plane into which S is mapped under
the following transformations and find the equations of the curves which enclose the region,

where z = x 4+ 1y and w = u + v are complex numbers, x,y, u, and v are real numbers and
1 =+/—1.

(1) w= 2+ (1—+/3i)

(2) w=2e% 2+ (1—/3i)

(3) 22

g
Il
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5 (Mathematics)
(B 6)
6 7B D O HIND 3B AROMET L2 L. BASEEICHEMRZINZTLZ L.

Select 3 fields out of the 6 fields and answer the questions. Use a separate answer sheet
for each field.

5. [He= - %3 (Probability and statistics) 57 5F]

SR AR X K [0, 1) B REARICRE S bD LT 5. ¥ = —log X2 L3z 272
Ulog iXEASHET5. UFOAMICEZ L.

(1) FEHticxtL, V <t DOfR%ERD L.
(2) Y OMIFHE & i 2Tk X.

Let X be a continuous random variable uniformly distributed over the interval [0,1). Let
Y = log X where log denotes the natural logarithm. Answer the following questions.

(1) Find the probability of Y <t for a real ¢.

(2) Find the expectation and the variance of Y, respectively.
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ARIZEELE SUNKER R AT AEEBERE Tt e
BAET LEHK
B AYRBRATE (BRUCES A 2 6 H)

AY /A )&L’ .
% (Mathematics)
(7B oD
6 7DD BLING 3 NHAROMREST L2 L. BATEERICMEMRERINCT S L.

Select 3 fields out of the 6 fields and answer the questions. Use a separate answer sheet
for each field.

Tff it

6. [FC 5P (Symbolic logic) 43 EF]

(1) LLF OMBERIRE 22 b1, b, by THT
= ANpANg—T), =(=(r—=3s)V(pATAS)), per
O3 1E o1 N Py DFREEYIFAE T 5 Z & % resolution EIZ LV /.
(2) L F OMRFERIRA % Z AL by, o, U0y T
Vavy ((=P(x,y) — Py, 7)) A (Q(z,y) = ~Q(y,))),
Vavy (P(z,y) = Q(z,y)), Vo (FyQ(z,y) ANVy(Q(z,y) = —P(y,x)))
UToORITFTE R TRENS D, Bl & EHIcEx L.

(a) Y1 Ay
(b) 1 A)g

(1) Let ¢1, ¢, and ¢3 denote the following propositional formulas, respectively:
P—=aAPAg=T), 2(o(r—=s)V(opATAS)), per

Show by the resolution method that ¢5 is a logical consequence of ¢ A ¢s.

(2) Let 11,19, and 13 denote the following predicate logic formulas, respectively:

Vavy (=P(z,y) — P(y,z)) A (Qz,y) = =Q(y, 1)),
Vavy (P(z,y) = Q(z,y)), Yo (FyQ(z,y) AVy (Q(z,y) = —P(y,z))).

Determine whether each of the following formulas is satisfiable. Justify your answer.

(a) Y1 Ay
(b) 1 A3



B2 JUNKFRFPZY AT AMERR P BRE T L FHK
EHae AFRBRRE (201948 A 26 H)

BF§ 1  (Special subjects I)

% FoEE (Instructions):

1.

RIERMRIE, THED] OBKRH 5D E TRV TIT AR B0,

Do not open this cover sheet until the start of examination is announced.

R IR A Z 0 9, MEMMRIZ 3 THS.
You are given 9 problem sheets including this cover sheet, and 3 answer sheets.
LIFD 35380 D 1 B aORET 52 L.

Select 1 out of the following 3 fields and answer the questions.

578 field page
1 | &EXEE  Circuit theory 2 ~
2 | FFEI¥  Electronic circuits 4 ~
3 il A T Control engineering 6 ~

R IIMAAMRICEEATD Z 8. Kl —2® 7 —KOMERARE Ak, 22—x
WED WG EIFERZHONTHERWD, ZO5AEIE, EmICHENH D Z L 2R
T5HZ L.

Your answers should be written on the answer sheets. Use one sheet for each
question. You may continue to write your answer on the back of the answer sheets if

you need more space. In such a case, indicate this clearly.

RE MR DRI, BT L5 a—R4, BRGEA, BRES, KA IOWEES
ZRATDLZ L.

Fill in the designated blanks at the top of each answer sheet with the course name,
your selected field name, your examinee number, your name and the question

number.

R, AAREE, WEOWTNNCIATAI L.

Your answers must be written in Japanese or English.



DM2EE KERY AT LERRF/FAFHERREE

4R 3% RV, MEHAMRMICHE L MERSZLAT DI L.

(1] H1DEEKIZOWT, AFOMWIZEX L. 277U,

B L &I I, DA arg (?) = %, R=1QTd5.
2

(1) X; & X, O OBEF/RAZRE

@)%%_%gfﬁét% Xy, Xo Df %KD &.
2

(5 2] 2DEFEIZDONWT, BAFDORIWIZE X L.

(1) MR 1-1 %, BABCGEEV,, WHT v E—X>Y A
Zo DEMME Z2 58 &, Vo & Z, 2R L.

(2) 7R -V I A Y E—X VA Z=R+jX% 10V

BERiL/7-2 95, RIZBIIDHEEEREN PRERAE R
%7 %KD, FOWO P OfExERD K.

(B9 3] M3DEEIZONT, UTFDOMWZEZ X.

Jj2Q

BB (SHMTES B 26H)

777U, BIRETEEOARNRE 2w T 5.

I
(1) BIBSTRIR Ly, I, [y 228U CHIBS iR % ‘@Q[

ST K.

(2) BRED»SHZERZA V=R VA Z %KD K.

(B 4) X4 DMEEKIZONWT, BLFOMWIEZ L. =7
L, E=1V, Ri=R, =19, C=1F, L=1H&73 5.

(1) A v FSEAWEZE ZREIEFHREBISEL 721,
Rt = 0IZBWTSZ2LAETH. ZDEE,
t>0ZBIFBER (L), i2(t) ZENZNRD K.

(2) A4y FSEHAU-E ZRBENPEERBIEL 72,
t=01ZBWVWTSZ[ETAH. ZDEE, t>01C
B 2E (1) 2Rk k.

1 2
L 4
X3
o/o *
S
R, l i,(®) R;
— E
fo— a0) L
& 4

(3) ERE(2)I2BWVT, t =01 oEFIREBIZET LET
IZHHT Ry, R, CHEINAZZRXLX—DEEIW %
kb k.



Circuit Theory (2020 ISEE Entrance Examination (August 26, 2019))

Choose three out of the four questions and write the chosen question number on each answer sheet.

(Q1] Consider the circuit shown in Fig. 1, where the phase

I
difference arg <I—1) = %, and R =1 ). Answer the following
2

questions.

(1) Find the equation representing the relation between X;
and Xs.
L] _2v2

(2) Determine the values of X; and Xy, when ol 3
2
(Q2] Consider the circuit shown in Fig. 2. Answer the follow-
ing questions.

(1) When the one-port circuit with terminals 1-1’ is equiva-
lent to the voltage source with the open voltage V, and
the internal impedance Z;, find Vj and Z,

(2) Consider the variable impedance Z = R+jX is connected
between the terminals 1-1’. Find the value of Z when
the power consumption P by the resistance R becomes
maximum. And find the value of P under the condition.

(Q3] Consider the circuit shown in Fig. 3, where the
source E has the angular frequency w. Answer the fol-

lowing questions.

(1) Write the mesh equations using the mesh currents E ‘@ |:| R % % |:| R

11, I, and I3 as variables.

(2) Find the impedance Z seen from the source E.

(Q4] Consider the circuit shown in Fig. 4 where E =1V,
Ry =Ry,=1Q,C=1F, L =1H. Answer the following

questions.

(1) Assume the switch S is opened and the circuit is in
steady state. Then, the switch S is closed at the time
t = 0. Find the currents i,(t) and iy(t) for ¢ > 0.

(2) Assume the switch S is closed and the circuit is in steady
state. Then, the switch S is opened at the time ¢ = 0.
Find the current i,(¢) for ¢ > 0.

(3) In the above-mentioned condition (2), find the total en-
ergy W consumed by the resistances R; and Ry from

t = 0 to the steady state. s

10V

j2 0 -jiQ
1Q
jQ
L 2 i' (o2
Fig. 2
M

Fig. 3

20



CEARAIIE] S AR SFTAE8H26 H ()

WoOLR (1, 2, 3) IZ&x L, BEITTRTHEERAKICEATSZ L,

1. WORIZEZ L, 72720, HEREZRIFHEENTHD LT5,
(1) K1 IR TEEOIEERE G(s) =Vo(s)/Vi(s) &Ko K,
(2) G(a)Z >\ TEERER L O AEDR—F KO 2 #i

X 2

3. H3ITRTLCHERE (2 E vy YRS IZOWT, ROMICEZ K,
(1) v—=7FIG T ZRD &,
(2) FIWPEHIRIEIZ B D B DO FAE WL & IWhE Stk 25k K,




ELECTRONIC CIRCUITS

Answer the following questions (1, 2, 3).  All answers should be written on the answer sheets.

1. Answer the following questions. The operational amplifiers are assumed to be ideal.
(1) Derive the transfer function G(s) = Vo (s) / Vi (s) for the circuit shown in Fig. 1.
(2) Sketch the Bode plots of the voltage gain and the phase for G(jw).

Fig. 1

2. Derive the output voltage V, of the differential amplifier circuit shown in Fig. 2.
All operational amplifiers are assumed to be ideal.

Fig. 2

3. Fig. 3 shows an LC oscillator which is called the Colpitts oscillator.
(1) Derive the loop gain T.

(2) Obtain the oscillation frequency and the condition of the amplitude for steady-state oscillation.

p
+
Ri< Vi ngbl C =C1

7l7 Amplifier

Aug.26, 2019



SH2FEEEREFIFERELTREAFZARMEE
FE T2 (SFTES A 26 HEM)

Wowm (1], [2], [B) W& x L. SO, (AL s 1277 T AEE T, w AR,
e 13 F KA DI & =T

1 K1O7 8wy 7R TREND AT LBD L. u(t),v(t), wt),z(t), y(t) 1ITTTAD
7—fEZ EHETTHD. VAT LHNOER G, Ga, Gz IZL T O L D ICRESIT 6N 5.

o Gy DALV /INVAIRNE T () =+ 27" ThD.
.(h@kﬁﬂﬂkﬁﬁﬂﬂ@ﬁ@ﬁ%ﬂ) o(t) — y(t) Z T

o G5lTt < 00)&%10, t>0DEX1DEEZEDEFEATILIEZREO > 0IZBITS
Gs 22D DI —(1 —e M ThHD.

( ) %E—f\ G17G27G3 O){Z\‘ %i&%*&)i
(2) K1 DYAT LD x(t) 16 y(t) £ TOIRERBE KD L.

S DISION pymmn IO ey y()
I wt) [
% 1

[2] (BB T O L IICHEZ OND OOV AT AR D 5.

G (s) = 22 s
B T (14 s)(1+10s)(1 + 100s)’

Gy DA -SRI & (- TR U M 2 2 2T gy () [AB), 1 (w) [deg), G DA
LR PR & RS RURE M % 2 VB go(w) [AB], a(w) [deg] &7 5.

(1) lim 6n(w) & lim dofw) R0 k.

Ky >0

, Kl > O, GQ(S) =

(2) Ky = 1,Ky = 1D L & DK A LRI g1 (w), ga(w) DZENENE R HABIT
W7 5 7 % Hi.

(3) G1,Gy DENZENIC L > THERINLIK2DAN—TR%%2ZE2 5. K BLXOK, D
HERELLTDHE, TNENOHNL—TRIIANEEICRD RN H 502 Bl L
EHIZEZ K.

+

AR

3=1o0r 2

%] 2



3] kDo AT LORBMARIEEZS.

(1) LMgd(t) 1Z—ElHTh D, 77205 Ld(t)=0TH2LIET 5. d(t) ZIREELE
Z, REEXZ bv% [z(t) dt)|]T & LTV AT AOREHFEXEZE T, ZOVAT A
EIRFREMESZ LT 5.

(2) PERFRILHAZ y(t) &5 & TRRTH D = & 2R,
(3) FERFRDIRIER Y WA AHEET B RUTEA T P — ORISR A, SERUT

FT PR DhL s = 285 s = —3 L. [w(t) d(t)]T OHEEMEI [2(¢) ()]
LEFLDOLT S,

(4) flaEnRl 2

~

u(t) = —ky(t) —d(t) +r(t)

ETD. ZITEIFETZA—FA I 70y, r(t) ZREETH L. AL—T 2T A
MBIBOLE LD X570k D&V D HEHZ <.

(5) r(t) W"—EMEDOEE, y(t) F—EMIZDORT 5 Z L2mE. 2 LEIFHAL—T TR
T LD BIBO ZEIZ/ D L OIEIINTHWDELDET S,



TH2 EFEBREFIFERELREAFHRME
Control engineering (26 August 2019)

Answer the following questions ([1], [2] and [3]). In the following, ¢ denotes the time, s
the Laplace operator, w the angular frequency, and e the base of natural logarithm.

[1] Consider the system depicted by the block diagram in Fig.1, where u(t), v(t), w(t), z(t)
and y(t) are all scalar-valued signals. The elements G1,G, and G3 in the system are
characterized as follows:

e the impulse response of Gy is g (t) = e™! + 272,

d
e the input v(t) and the output y(t) of Gy satisfy the equation ay(t) =ou(t) — y(t);

e when the signal that takes the value 0 for t < 0 and 1 for ¢ > 0 is fed to G3, the
1
output from G3 for t > 0 is 5(1 —e ).

(1) Find the transfer function of each of the elements Gy, Gy and Gs.

(2) Find the transfer function from z(¢) to y() of the system shown in Fig.1.

z(t) ~ult) a 2 g y(t)
w(t) s
Fig. 1

[2] There are two systems whose transfer functions are given below:
Ky
(1+s)(1+10s)(1 + 100s)’

Let the gain-frequency characteristics and phase-frequency characteristics of G; are de-

K
Gi(s) LUK >0, Gays) =

= K5 > 0.
1+s 2

noted, respectively, by ¢1(w)[dB] and ¢;(w) [deg]. Also the gain-frequency and phase-
frequency characteristics of G are go(w) [dB] and ¢9(w) [deg], respectively.

(1) Find lim ¢1(w) and lim ¢9(w).
w—r00 w—00

(2) Draw the graphs of gain-frequency characteristics g;(w) and gs(w) approximated by
straight lines when K7 =1 and Ky = 1.

(3) Consider the two closed loop systems shown in Fig. 2 each of which consists of either
G or GG5. Can increasing K; and Ky make each closed loop system unstable? Answer
with the reason.




[3] Consider a controller design for a system represented by the following equations.

where z(t) is the state variable, u(t) is the input, y(¢) is the output, and d(t) is the
disturbance, all of which are scalar-valued.

(1)

, 4d(t) = 0. Regarding d(t) as another

state variable, show the state equation of the augmented system of which the state
vector is [x(t) d(t)]T.

Hereafter assume that d(¢) is constant, i.e.

Show that the augmented system is observable regarding y(¢) as the output of the
system.

Show the state equation of the full order observer that estimates the state vector of
the augmented system, assigning the poles of the observer at s = —2 and s = —3.

Let [2(t) d(t)]T be the estimate of [z(t) d(t)]7.

Consider the control law

A~

u(t) = —ky(t) — d(t) +r(t),

where k is the feedback gain, and r(¢) is the reference. Show the admissible region
of k by which the closed loop system is BIBO stable.

Show that y(t) converges to a constant under the condition that r(¢) is constant and
that the value of k is chosen in the admissible region.



BRIZAEE SRR 27 MFIEAR BRE T THHR
T AERBIE (201948 79 26 H)

HFHT  (Special subjects 1)

% FooEE (Instructions):

1.

RIBEHRIE, ThRD] OGN H D F TRV TITZAR 5720,

Do not open this cover sheet until the start of examination is announced.

R AL A 20D 21 B, ARARARIX 3 BT 5.

You are given 21 problem sheets including this cover sheet, and 3 answer sheets.

PLFD 34558006 1 02 ROMRET 52 L.

Select 1 out of the following 3 fields and answer the questions.

Wk in field page
1 | B Electromagnetism 2 ~
2 | FERT AR Semiconductor device 8 ~
3 | R Computer engineering 14 ~

R ITRERRICEEAT D 2 L. Rl —2&H 72 —HOMEHKE WL, ZA—2
WREY BRWGEIFERmBZHNTE RV, Z08E1%, BHICHENRS D2 L 2P
THZL.

Your answers should be written on the answer sheets. Use one sheet for each
question. You may continue to write your answer on the back of the answer sheets if

you need more space. In such a case, indicate this clearly.

fREMMOEIRIC, ELT L a—24, BRGEA, ZBRES, KABIOMEE S
ZRATDH L.

Fill in the designated blanks at the top of each answer sheet with the course name,

your selected field name, your examinee number, your name and the question

number.

ﬁ = 1%, HAGE, J55E EOWT NN TRATHZ L.

Your answers must be written in Japanese or English.



T2 FERFAFRBRME B (GHEHE8 A 26 H)

kOLR (1 Rl2 M3) &z k.

M1 K1 TEIE, FER @ OBEZLEFIZ IO a OEEREKA, B, CHA 10K

S L (a<<L) DE=AEOTEMICEE SN T\, EIREK A OB Q1, WAL Vo, BEAEK

B OEMIL Q2, TEALIL 0, FEAKER C OFEMIL Qs, ENLILO0 THD.

(1) BAARE A W CHERO BN 2 Fe

(2) KENMAREE Q1, Q2, Vo & W THEH.

(3) WIZ, 3EDBEREROBANETV (72D X ) ICHKEREROBEM 2L =, 0
EDRERDEM % Q1, Q2, Vo, V & VN THRA.

(4) Wiz, 3MEDOEREROEM 22T QUIZE LI HT-. ZOHEDKEROEN % Q1, Q2, Vo %
W THRA,

01 Vo
@ EkEk A
// \\
/ \
/ \
/ \
/ \
/ \
/ \
/ \
EREk B,/ }.%Wﬁc
0,0 0,0



TN 2 FFERFFBEAF BRI E KT (HFE8 26 H)

2 LIFORIWIEZ L. 72720, n=3.14, HZEDOiFER & =8.85x102 Fim, FEfe

1.60x10°C L9 %.

(1) BEZ=PIZEPNT R a OBEREKNER Q THE L TWD. ZOEMKDEN & FHER
maRD K.

(2) EZEFUTEPIUIZHAE 2.00 nm OEREROFFER &L RO L. Z OBERKICEF L HOE
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fif - x5 THEDENMOEEEBMINDLFHFET RV —% KD L.

(4) F-£%2.00 nm OEARER & 25 2.00 m OEARKERD &6 63BN OFEMEIZHE LTV DHh. F
72, TOEAZIR~L.
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2020 Entrance Examination for ISEE (Electromagnetism)  (August 26, 2019)
Answer the following questions  ([Question 1] [Question 2] [Question 3]).

[Question 1] As shown in Fig. 1, three spherical conductors A, B and C of radius a are placed at

vertices of an equilateral triangle of a side length L (a <<'L) in vacuum with permittivity &. The

electrical charges of the spherical conductors A, B and C are Q1, Q2, and Qs, respectively. The

electrostatic potentials of the spherical conductors A, B and C are Vo, 0 and 0, respectively.

(1) Give the electrostatic potential of each sphere using coefficients of potential.

(2) Give each coefficient of potential using Q1, Q2, Vo.

(3) Next, the charge of each conductor is changed so that all the potential of three spherical
conductors become V. Give the charge of each conductor using Q1, Q2, Vo, V.

(4) Next, all the charges of three spherical conductors are changed to be Qi. Give the potential of
each conductor using Q1, Q2, Vo.

O1 7y
@ Sphere A
/A
/ \
/ \
/ \
/ \
/ \
/ \
/ \
/ \
Sphere B / \i Sphere C
0, 0 0, 0

Fig. 1



2020 Entrance Examination for ISEE (Electromagnetism)  (August 26, 2019)

[Question 2]  Answer the following questions, where © = 3.14, permitvity of vacuum & =

8.85x10*2 F/m, elementary charge e = 1.60x10"%° C.

(1) A spherical conductor of radius a placed in vacuum is charged with a charge Q. Give electrostatic
potential and capacitance of this conductor.

(2) Give capacitance of a spherical conductor of radius 2.00 nm. Give the change of potential and the
stored electrostatic energy when the charge of an electron -e is given to the conductor.

(3) Give capacitance of a spherical conductor of radius 2.00 m. Give the change of potential and the
stored electrostatic energy when the charge of an electron -e is given to the conductor.

(4) Which is more appropriate for the potential reference, either a spherical conductor of radius 2.00
nm or 2.00 m? And give the reason.



2020 Entrance Examination for ISEE (Electromagnetism)  (August 26, 2019)

[Question 3] Consider the magnetic field produced when a current is applied to a thin cylindrical
electrode with a radius a and a thickness d placed in a vacuum. Assume that the length of the
cylindrical electrode is sufficiently long and the edge effect is negligible, and consider an xy plane
orthogonal to the z-axis, as shown in Fig. 3, with the central axis of the cylinder taken as the z-axis. It
is assumed that the thickness of the electrode is sufficiently thin compared to the radius, and the
current flows uniformly in the electrode from the front surface to the back surface of the paper. Let J

be the magnitude of the current density, and ., be the magnetic permeability of the vacuum.

(1) Answer the components of the magnetic field vectors that occur at points P(0, %a), Q(%a, 0),

and R(O, ga) in Fig. 3(a).

(2) As shown in Fig 3 (b), a cut was made at a position where the cylinder intersected the y-axis, and
a linear slit having a small width AW was formed in the longitudinal direction over the entire
length of the electrode. Answer the components of the magnetic field vectors at points P, Q, and
R, respectively. It is assumed that the magnitude of the current density flowing through the
electrode remains constant at J as in the previous question.

y“ y“
—a@R —a@R
+ AW
1
2P o
- o &
z 1, X
2
|
() (b)

Fig. 3
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Entrance Examination, Aug. 26. 2019

Semiconductor devices

Answer the following questions ( @ @ ).

Answer the following questions.

(1) Sketch energy band diagrams for a metal, a semiconductor, and an insulator; and describe the
reason why the electrical conductivity of a semiconductor shows an intermediate value
between those of a metal and an insulator by using the diagrams.

(2) When the temperature dependence of the electrical conductivity of an extrinsic semiconductor
(impurity semiconductor) is measured, two temperatures regions, where the conductivity
increases in one region and decreases with increasing temperature in the other region, are
observed. Explain the reason why such temperature dependence is generated.

(3) There are three semiconductors A, B, and C, whose free electron effective mass (m ), hole
effective mass (m 1), and energy gap (E;) are qualitatively summarized in the table below. In
addition, semiconductors A and B have a direct-energy-gap, and semiconductor C has an
indirect-energy-gap. Sketch energy band diagrams for semiconductors A, B, and C. Use the
vertical axis of energy E and horizontal axis of wave number k. The energy gap E, must be
given in the drawings.

A B C
m'e small large medium
m'y small medium large
E, large medium small
band structure direct direct indirect

(4) @ Give an example of chemical formulae of semiconductor materials with a direct-energy-
gap
@ Give an example of chemical formulae of semiconductor materials with an indirect-
energy-gap.
(5) Which is suitable for light-emitting device application, a direct-energy-gap semiconductor or
an indirect-energy-gap semiconductor? Answer with the reason.

11



2

Answer the following questions about a pn junction diode consisting of a p-type silicon (Si)
with an acceptor concentration N4 and n-type Si with a donor concentration Np. The absolute
temperature, the intrinsic carrier concentration, and the elementary charge are represented as 7, n;,
and g, respectively.

(1) Sketch the band diagram for the pn junction diode under the forward bias condition (applied
voltage: Vr) and that under the reverse bias condition (applied voltage: —Vz). The energy
positions of the top of the valence band Ey, the bottom of the conduction band Ec, the position
of the Fermi level EFr, the diffusion potential V'p of the pn junction, and the applied voltage (VF,
—Vr) must be given in the drawings, where Vr and V' are positive values.

(2) Show one-dimensional Poisson’s equation for the depletion region under the reverse bias
condition. The boundary between p- and n-type regions is x = 0, where p-type region is x <0,
and n-type region is x > 0. The position of the edge of the depletion layer in the p-type region
is x = —W,, the position of the edge of the depletion layer in the n-type region is x = W,, and
the dielectric constant of Si is represented as &s.

(3) Solve the Poisson’s equation obtained above, and derive an equation showing the relationship
among the width of the depletion layer in the p-type region W), the width of the depletion layer
in the n-type region W, the acceptor concentration N4, and the donor concentration Np.

(4) Show an equation for the capacitance C of the depletion layer per unit area for p'n one-sided
step junction (N4 » Np) applied with a reverse bias (—Vz).

(5) The values of the donor concentration Np and the diffusion potential /'p can be obtained by
analyzing experimental data of the depletion-layer capacitance C per unit area as a function of
the reverse bias. Explain the procedure to obtain the values of Np and Vp.

12
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Answer the following questions about a bipolar junction transistor (BJT) consisting of the
emitter (E), base (B), and collector regions (C).

(1) Draw a cross section of a pnp BJT schematically. The E, B, and C should be given in the
drawing. In addition, the polarity of the bias voltages Vz and V¢ between base and emitter and
between base and collector, respectively, in the common base circuit should be shown in the
drawing by using the circuit symbols of DC (direct current) voltage sources.

(2) Sketch a band diagram of a pnp BJT under the normal active condition. The energy positions
of the top of the valence band Ey, the bottom of the conduction band Ec, the Fermi level Er,
the diffusion potential Vp of the pn junction, and the applied biases (emitter voltage Vr and
collector voltage V¢) should be given in the drawing. The elementary charge is represented as
q.

(3) An emitter voltage of Vk is applied to the pn junction between base and emitter of a pnp BJT.
Derive an equation for the concentration of holes Ap, injected into the edge of the depletion
region in the base region (the increase in hole concentrations from that under a thermal
equilibrium condition) and that for the concentration of free electrons An, injected into the
edge of the depletion region in the emitter region (the increase in free electron concentrations
from that under a thermal equilibrium condition). Physical quantities which can be used in the
equations are limited to the impurity concentration in the base region Np, the impurity
concentration in the emitter region Ng, the intrinsic carrier concentration n;, Boltzmann
constant k, the absolute temperature 7, the elementary charge ¢, and the emitter voltage V.

(4) Show an equation for the relation between the emitter current /r and the collector current /¢
using the the common base current gain a.

(5) In order to increase the common base current gain ¢, should the impurity concentration in the
emitter region Ng be smaller or larger than the impurity concentration in the base region Np?
Answer with the reason on the basis of the equations derived in question (3) above.

(6) In order to increase the common base current gain «, should the width of the base region be
large or small? Answer with the reason.

(7) Represent the current gain in a common emitter circuit £ using the common base current gain
a.

(8) Which is suitable for application to circuits, which operate at higher frequency, a pnp BJT or
an npn BJT? Answer with the reason.

13
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I ERE L% (Computer Engineering)

(8 1)

ROLFN ( (1] ~ (3] ) IZBZXK. KlE—20H7 ) —HOMEHME W&,

(f 1] GRERREEN H(a,b,c,d) Z N TREIND &SI F(a,b,c,d), G(a,b,c,d) B LT NAND
T affioTEBRTLIILE2EZS. BEHBIUOBEKGOEBERIAUTFTDO LS
IZH5Z 6N 50, B F OmEAE 2 RE.

la b c d[H G|

000 0[0 1

000 1|1 1

0001 0[1 0

000 1 1|1 1

01001 0]

001 0 1|1 1]3] |
01 1 0/1 0] r
001 1 1|1 0 D=
10001 0

100 1|1 1 H e
101 0[0 1

101 1[0 1

11001 1

110 1)1 1

11101 0

111 11 0
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(2] 16 €y bd7 RV (adr[15:0]) ZAJIETE2 VA -y NTYYT T4 7F vy
VaDHEEHIOWTEZD. N MTRUy Y YT HATHY 1581F4 4 &9 5.
BEFX vy a7 72 ATEWVWT, adr[15:8], adr[7:4] 72 5 NT adr[3:0] 1, = Eh, X
T4 =R, £VTFTYIAT4—IVR, A7y 74— R LTSRN, M
TOMWWIZE R &
(1) Fvyyrayuy v X2E2 K.
2) FvyvavaAEEA L.
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([ 3] IRDOEFNZER K.

LN DOEAf% Ttem(id, name, price), User(uid, name, mail), Transaction(item,

uid, star), Follow(fid, uidl, uid2, time) IZX L, XOZRNIZEZ K.
Item User

id | name | price uid | name | mail

001 | abc | 150 u0l | A | s@a.com

002 | def | 120 u02 | B | t@b.com

003 | ghi | 230 u03 | C | u@c.com

004 | jkl1 | 180 uo4 | D | v@d.com

005 | mno | 350 u05 | E | wQe.com

006 | pqr | 140 u06 | F | x@f.com

007 | stu | 150 u07 | G | y@g.com
Transaction Follow

item| uid | star fid | uidl| uid2| time

001 | w01l | 3 £0001 | w01 | w03 | 20190801
001 | u03 | 4 £0002 | w05 | w06 | 20190810
001 | w06 | 5 £0003 | w04 | w03 | 20190810
002 | u03 | 4 £0004 | w01l | w02 | 20190811
002 | u0s | 5 £0005 | w02 | w01 | 20190813
002 | u06 | 5 £0006 | w06 | w05 | 20190817
003 | uo2 | 2 £0007 | w04 | w02 | 20190820

(a)

(b)

()

()

(e)

Bt Follow i uidl D 2 —H¥ A uid2 DA —H 2 M4 time IZ7 A0 — L7z \WH H
FEEDELGTHS. ZOBRBROBMF —22TEALX. 2L, H2a2—¥N
HBHL—HVE2T AU —TZHDIEELX—ELITTHLLIET 5.

B4% Transaction | uid D2 —Y W id DFEmZ AL, 1~5 Offi star TS % 2F
fliL7ze WS FEEEZ2EDELSTHS. idD002 THHEMEE>722—F D uid
DEG %KD ZEBRRBOBEAEZEZ L.

BfR User I3 —H 1D 2 uid Z2F 22 —H name DA =)V 7 KL ADmail TH 5 Z
LERTEATHS. idD002 THHEMEH T2 —HF DA -7 FLADES
%KD 5 BRMREBOHEEZE A L.

id2 002 THBAHEE S22 -2 70— LU TWVWEd -V DEAZ KD 2 BIHR
REOBEEZEZ L.

BEER Ttem IXPGS DFA T id, % D% T name, % OAfif% price ZHEDHEETH D,
ZOBBRPSUTD & S iR 2152 B price & REF %2 AW 72 BIHRARKOHE
2EZ L.

id | price

16
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BAFRR & Follow D HARKE S (Rluid = uid1]|Follow)[fid, uidl,uid2] T, A FD &
I RAERPEONZ. ZOROFRR %, BAf% Transaction & @M star Z W T
HAZ K.

fid | uid1l| uid2

£0002 | u05 | u06
f0006 | u06 | u05

f% Follow & R P4 Follow[uidl,uid2] =R T, BAFRD LD RiERMELNZ.

DDA R 2 A L.
uidil

ul1
u04
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(8 d5)

Answer the following questions ( [Q1]~[Q3] ).

[Q1] Let H(a,b,c,d)be alogic function. Consider that H is composed of another subfunctions
F(a,b,c,d), G(a,b,c,d) and a NAND gate as shown in the figure below. When the

truthtables of H and G are given below, show the minimum sum of products form of F'.

la b c d|H G|
00000 1

000 1|1 1

001 01 0
00 1 1|1 1
01001 0

001 0 1|1 1| %] |
001 1 01 0]y i
0011 11 0 D=1
10001 0

100 1|1 1 H &
101 0|0 1

101 1|0 1

110 0|1 1

110 1|1 1
11101 0

111 11 0
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[Q2] Consider designing a two-way set-associative cache memory that accepts a 16-bit address
(adr[15:0]). Suppose a byte-addressing scheme and the word size is 4 bytes. On each
cache access, adr[15:8], adr[7:4], and adr[3:0] are referenced as a tag field, an index field,
and an offset field, respectively. Answer the following questions.

(1) Answer the cache block size.

(2) Answer the cache size.
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[Q3] Answer the following questions. For the following relations Item(id, name, price),

User(uid, name, mail),

Follow(fid, uidl, uid2, time), and Transaction(item, uid, star), answer the

following questions.

Item User

id | name | price uid | name | mail

001 | abc | 150 u0l | A | s@a.com

002 | def | 120 u02 | B | t@b.com

003 | ghi | 230 u03 | C | u@c.com

004 | jk1 | 180 ud4 | D | v@d.com

005 | mno | 350 uos | E | w@e.com

006 | pqr | 140 u0é | F | x@f.com

007 | stu | 150 u07 | G | y@g.com
Transaction Follow

item| uid | star fid | uidl| uid2| time

001 | w01 | 3 £f0001 | w01 | u03 | 20190801
001 | w03 | 4 £0002 | u05 | u06 | 20190810
001 | w06 | 5 £0003 | u04 | u03 | 20190810
002 | uo3 | 4 £0004 | u01 | w02 | 20190811
002 | w05 | 5 £f0005 | u02 | u01 | 20190813
002 | u06 | 5 f0006 | u06 | u05 | 20190817
003 | uo2 | 2 £0007 | u04 | u02 | 20190820

(a)

Relation Follow is a set of facts that a user of uid1 follows another user of uid2 at
time of time. Answer all candicate keys, where we assume that a user can follow

one user at most once.

Relation Transaction is a set of facts that a user of uid purchases an item of id
and puts a score from 1 to 5 as star. Answer operations of the relational algebra

to obtain the set of uids who purchase items whose ids are 002.

Relation User is a set of facts that a user whose ID is uid and name is name has a
mail address mail. Answer operations of the relational algebra to obtain the set of
mails of users who purchase items whose ids are 002.

Answer operations of the relational algebra to obtain the set of users following the
users who purchased items whose ids are 002.

Relation Item is a set of items whose IDs are id, their names names, and their
prices. Answer operations of the relational algebra to obtain the following result
using attribute price and a sign of inequality.

id | price
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When the following result is obtained using the natural join
(R[uid = uid1]Follow)[fid, uidl, uid2] of two relations R and Follow, answer rela-

tion R using relation Transaction and attribute star.
fid | uidl| uid2

£0002 | u05 | u06
£0006 | u06 | u05

When the following result is obtained using the division Follow[uidl,uid2] + R of

two relations Follow and R, answer relation R.
uidl

ul1
u04
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