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PRI MK %7 MRy TRELERR

X
ELERE  ASRBR
(5f24E12H5H)

B 5 (Mathematics)

(THh o 1)

fiftZ: . OTEE (Instructions):

1.

FIRERAT, B ] OBKRH 25 F THWTIZZR 57220,

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

MEARRITERREZ 50 T, MERRKITZ 3OS0 (1 0BFIC->E 1K) THD.
You are given 7 problem sheets including this cover sheet, and 3 answer sheets (1 sheet for
cach field).

LUFD 65BN D 30l a2 ROMRET 22 8. BALE S HEICHERKREZNICTSZ 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.

7B field page
1| BIBRE Linear algebra 2
2 | oFE sy Calculus 3
3| oy R Differential equation 4
4 | X7 FUENT  Vector analysis 5
5 | BEREEGH Complex function theory 6
6 | =R - Heat Probability and statistics 7

CBRERR OIS, HR4, RRSEES (OTHT) , XBESBLORAZLATLZ

i

k.
Fill in the designated blanks at the top of each answer sheet with the department name, the

selected field number (mark with a circle), your examinee number and your name.

CREIIRERICEAT 52 L. AR=ZANRE Y RWESIFERE AW THE RV, 08

i, BEICHEPRSHDL LWL T D 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.

R, BAREE, JEEOVTANTRAT S Z L.

Your answers must be written in Japanese or English.



A i I e 2 e 22t S — & LR T L5
Erife AR
(Hf2412H5H)
A A )&L’ .
% (Mathematics)
(7T Heh o> 2)
6 7ED D LD 3T EAIROMETDHZ L. BALE B EICHERREZINCT D Z &.

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

1. [#AR3 (Linear algebra) 53 7]
nxmFIETHAc R OEFH (= 1,2,....m) Za; € R"&T 5. FHRESE J C
{1,2,... m}iZoW\WT, TDERELAZ|J| TERL, a; (j€J)ZjIlBTLFNETENLIA
THLND ADENTTHNE AlJ) e ROVICRT. ZobE, LTFTOMWNIEZ L.

(1) AT ALK L, {a; | ] €T} IS THD K5 EnEs J C {1,2,3,4,5,6}
BTk L.
1 0 0 -2 0 0
A=]1 0 1 0 -2 =3 -5
-2 -2 0 4 6 0
(2) (1) DATH AlZxt L, rank(A[J]) < |J| ZH672 38508 E J C {1,2,3,4,5,6} TH->T,
J DIEEDOEEDES T C JIZOWTrank(A[I]) = [I| B SO DT TR k.
72 l, ZEHEA 0 L Cidrank(A[l]) =0 L EFRKT .
(3) =D A € R™™IZHOWT, I C J C {1,2,...,m} »>rank(A[J]) = |J| D& &,
rank(A[I]) = |[I| 2SR Y S25 2 & 2Rt

For an n x m real matrix A € R"*™, let a; € R" (j = 1,2,...,m) be the j-th column of
A. For each subset J C {1,2,...,m}, let A[J] € R™IYI denote the submatrix of A obtained
by arranging a; (j € J) in the ascending order of j, where |J| denotes the cardinality of J.

Answer the following questions.

(1) For the following matrix A, find all subsets J C {1,2,3,4,5,6} such that {a; | j € J}
is linearly independent:
1 0 0 -2 0 0
A= 0O 1 0 -2 -3 =5
-2 =20 4 6 O
(2) For the matrix A in (1), find all subsets J C {1,2,3,4,5,6} such that rank(A[J]) < |J|
and rank(A[I]) = |I| for any proper subset I C J, where rank(A[()]) = 0 for the empty
set ().
(3) Prove for any A € R™™ that, if ] C J C {1,2,...,m} and rank(A[J]) = |J|, then
rank(A[I]) = |I].



A 2 I e 228 e o 1k — ) pEappl s 18 REE LRI
e AR
(Hf2412H5H)

B 5 (Mathematics)

(7Bt o> 3)

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.

2. [#53F85 (Caleulus) 53 %7]

R? L%k

x? +y2)

f,y) = (o +y)exp(-—

IZOWTIROERIWVITE 2 L.

(1) fOIEFEEREETRD K.

(2) f ORI E R/ NRZETRD L.

(3) f OBKIEE T IIR/MEADFET 256, T bERD L.

For the function

x? +y2)

f@xy)z(x+wﬁeXp(— 5

over R?, answer the following questions.

(1) Find all the stationary points of f.
(2) Find all the local maximum and the local minimum points of f.

(3) Find the maximum and the minimum values of f, if they exist, respectively.



A 2 I e 228 e o 1k — ) pEappl s 18 REE LRI
e AR
(Hf2412H5H)

B 5 (Mathematics)

(7Bt o> 4)

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.

3. (#5375 (Differential equation) 43 7]

ROy FT A D — i 2 3R D L.

d x? + 6y>
oy T

dx 4y

dy
2) 2 — 2x+y+1_1
(2) 3, =¢

Find general solutions to the following differential equations.

dy 2%+ 6y?

(1) ="t
dz dxy
dy

(2) d_ — €2x+y+1 -1

i



A i I e 2 e 22t S — & LR T L5
e AR
(Hf2412H5H)
A A )&L’ .
% (Mathematics)
(7T o 5)
6 7ED D LD 3T EAIROMETDHZ L. BALE B EICHERREZINCT D Z &.

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

4. [~27 FAEHT (Vector analysis) 4757 ]

B RIZBNT, o, y, 2 MTAORMANY M EENZNG, §, k&T5. ROKRM
(B R K.

(1) 34(2, =6, 2), (1, =10, —1) BL U (—1, 2, 3) DIRET 5Vl & (2, —2, —2) & O
R K.

2
@)Nykw%F%JW—<2%>ruz—@j+@+wkk¢5~@%C“”‘%Wy__z

9 L
mmofmaam#@(§ﬁ,ﬁ>if®%%%/EWdr%ﬁ%@;
C

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

respectively. Answer the following questions.

(1) Find the distance from the point (2, —2, —2) to the plane determined by the points
(2, =6, 2), (1, —10, —1) and (—1, 2, 3).

T
(2) Let the vector field F = (—%) i+ (z—2)j + (z+y) k. Evaluate the line integral

2

9
/ F x dr along the curve C: x = =, y = —z, from (0, 0, 0) to (5, 0, —6).
C

oo |<



FRSELE SRR A7 sfppery TRRTERR
LA AR
(4f2412H5H)
Mz )&L’ .
5 (Mathematics)
(7 Her$ > 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. [#3B3%GH (Complex function theory) 77 8]
WRDOEFNTE % L.

- " 1 =
Q)@%%ﬁﬂ@z;§t§5%z:OTD 7 VR L.
@)@%%ﬁm@:zmuiz%z:—afm—?V%%L,ﬁﬁﬁﬂﬁ#é%@%%ﬁ.

WIZ, z=—2I1TBITHHERD L.

Answer the following questions.

1
(1) Expand the complex function f(z) = oo in a Laurent series about z = 0.
2(z —

(2) Expand the complex function g(z) = zsin

in a Laurent series about z = —2 and
zZ+2

give the region of convergence of the series. Then, find the residue at z = —2.



A 2 I e 228 e o 1k — ) pEappl s 18 REE LRI
e AR
(Hf2412H5H)

B 5 (Mathematics)

(7THrh > 7)
6 3T D D bhh 3NBERMET 5 Z L. BATIHEIEAMENNCT 5 2 L.

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

6.

[fe=2 - %51 (Probability and statistics) 7 #F]
FHpToO<p<lZWETEDOETD. MEREKRX &Y (TR — ORI

p (k=1)
R

WS> bDET S, Z=XY LT, LFOKMIZEZ L.

(1) HIHE B[Z] 2K k.

(2) X & Z 045 E[(X - E[X])(Z — E[Z])] &3k k.

(3) X & Z ML paskib k. RO pITkIL, Y & Z bMWY TH D = & Amt,
(4) (3) TRDEpICHL, BEPIX +Y + 2 <2 &Ko k.

Let p be a real satisfying 0 < p < 1. Let X and Y be independent random variables which

respectively follow the identical probability function

] (k=1),
f%)_{l—p (k=-1).

Let Z = XY, and answer the following questions.

(1) Find the expectation E[Z].
(2) Find the covariance E[(X — E[X])(Z — E[Z])] between X and Z.

(3) Find p such that X and Z are independent. Prove that Y and Z are also independent

for the same p.

(4) Find the probability Pr[X + Y + Z < 2] for p obtained in (3).



AR SHERE  JUNKFRFREY AT MEFREF BRET T FHK
iR AFRBREE (2020412 H 5 H)

B T  (Special subjects I)

fit’% EovEE (Instructions):

1. MEHKE, T460] OAXNRH 5 F THWTIEZR B 720,

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

2. MEAMRITEREZED 9/, MEHARKIL3ITHD.
You are given 9 problem sheets including this cover sheet, and 3 answer sheets.
3. LUTO3nHND 10Ha@ORESTLI L.

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

57 field page
1 EEE Circuit theory 2 ~
2 el Electronic circuits 4 ~
3 A 25 Control engineering 6 ~

4. MREIIMRERMRICRAT D2 L. RKM—2 &7 ) — M OMERREH VL. A=A
MR BRWEAIFERZHNTH RV, Z0HEIE, BRICHENRSH D 2 L 2P
THZ 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.

5. MREMMOERIC, ZBE S, K4, BROBABIOMEESEZRLATL L.
Fill in the designated blanks at the top of each answer sheet with your examinee

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

6. R, HAGE, KBEOVPANTEIATSI L.

Your answers must be written in Japanese or English.



TH3EE RZERY AT LABRMZFAFHRES EX0E (fM2F12H58)

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

(F& 1) LIZRTHBIZBWT, C=V3F, L= \/?3 H, &
HOMBEPE w = 2 rad/s, ¥ FHIEEV B T OAMHZEX

I R
arg(V) = T rad TH Y, HRIEETHREBCIHZ LTS, BFO — —
fIWIZE Z L.
(1) ROfEERD X, ‘469 ——cC L
(2) BBt I OWHEBIBAY i(t) = sin(2t +Z) ATH D, ZIUx

Y67 x— Pl =cf ALRTLE, 7x—HH 1
EV &k, T OB ) 2EZ X,

(RF2] H2DEEEIZDODNT, UTFORWIZEZ K. 727
L, E2(a) & 2(b) IZ%MlTH 3.

(1) K 2(b) DA Y==KV R Z), Zy, Zs %KD,

(2) B2(b) I2EWT, Xt 1-U o AfllE Rz ED
A V=R VA Zp B I OEMERZEEDA Y E—
RURA I %235 Zy, 21, Zoy Zs BHWTIZEY.
=1L, 1VE—=R VA Zy=R+jXTh5.

(3) KI2(b) D Zy izBWVWT, REXDBHALETHDLE, 7
B AHBENERKETERBLU X 2K X.

(3] M3DEEKIZOWT, BAFOMWIZEZ K. LKL, EROAEEREZw T 5.

1
(1) B 3(b) A3 3(a) DX 1-
U QLMD 2 b1 [A] % & 5
fine s, g err 0 ]
SRVAY, BRD k.
(2) 3(a) DEF I Z3KD X. @) r (b) I’
X 3
(F94) K4DEEIZOWT, UFOMWCER L. 2720, ) = . t=0
50sin ¢ V&L, A1 vF S &MU BROEEGERRECSS & £

T5.
(1) t=0TAA v FSEHAUZBEZDER(+0) KD K.

()| 1H§P@ H3Q

(2) t>0I1ZBITBER () ZKD K.



Circuit Theory (2021 ISEE Entrance Examination (December 5, 2020))

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 C = /3 F, L = ‘/?5 H, the angular frequency of the

source w = 2 rad/s, the phase difference arg(%) = —% rad, and the circuit is in steady state. Answer
the following questions.
1 R
(1) Find the resistance R. ‘4:’
(2) The current I in the time domain expression is i(t) =
. . . . 4z V @ O L
sin(2t+%) A and the corresponding phasor is [ = e’s A.
Find the phasor V' and the corresponding time domain
expression v(t).
P (t) Fig. 1
jQ
° Y YY) °

(Q2] Consider the circuit shown in Fig. 2. Here, the circuit shown
in Fig. 2(b) is equivalent to Fig. 2(a). Answer the following ques-

tions.

(1) Find the impedance Z;, Z,, and Z3 of Fig. 2(b).

(2) In Fig. 2(b), express Zg and Z; without using symbols Zj,
Zy, Zs, and Z3, where Zg is defined as the impedance mea-
sured rightward from the terminals 1-1°, Z is defined as the
impedance measured leftward from the terminals 1-1’, and
the impedance Zp = R+ j X.

(3) When R and X are variable, find the value of R and X which
maximize the power consumption at the impedance Zj.

:
- Q

T )
1’

(b)

Fig. 2

(Q3] Consider the circuit shown in Fig. 3, where the sources have the angular frequency w. Answer
the following questions.

(1) Find the current source Jy, and

the admittance Y, when the cir-
cuit in Fig. 3(b) is equivalent to

] a0 o

1)

the circuit seen from the termi-
nals 1-1’ to the left in Fig. 3(a)

(@) (b)
(2) Find the current I.
Fig. 3
t=0
(Q4) Consider the circuit shown in Fig. 4, where e(t) = 50sin ¢t V 1Q AN
and the circuit is in steady state before the switch S is closed. S
1H 3 i) Q
(1) Find the current i(+0) just after the switch S is closed at ¢ = 0. e(t)T % l H .

(2) Find the current i(t) for ¢ > 0.



BT | B a R 20204 (Af124) 12H5H (1)

KOFM (1, 2, 3) IC&FX L, BETTNTREMRICEATSZ L,

1. WOMICEZ X, 72720, HEEMERIIHEAN TH L LT 5,
(1) 1 @ IR EEEOIREREL G(s) =Vo(s)/ Vi(s) &Rk X,
(2) K1 O IRTEEOIEERER G(S)=Vo(5)/ Vi) &EE, G(jo)l >\ TEEMER L ORI
R—TF KO & 4T,

(a) (b)
<1

2. K2 @ITRTRMEZFFOY = F =X A4 —F Z 2, M2 0)IRT LI R SMlAGhET
Uy ZREEZEoT, IROBIZEZ X,
(1) 2oV 2y ZEEEO AN TTEEREZ 2 (o) 1T LIEEEERICRE K,
(2) ADERE Vi & LT 2 (DITRT XD RIERE G272 & O IJEE Vo DRJEZ XRE X,

A R VOA Vi
ID —O VZ
l -Vz Vo VE
Vi zZ R |V, —V; 0
2% [V T oV, 0 $ \/
O

(a) (b) (c) (d)
% 2

3. K3 IR TRCELERIEEICOVWT, ROMIZEZ L, 727EL, HAEHMERIIHAN TS D LT 5,
(1) ADIESHEEEIESR Dy OELEFG Ga 23K X,
(2) BORCEEOH S DEEFIG () G 23K &,
(3) RCIEBLERIRIRON—TFIG T R X, (HL, T=GaGeg TH D,
(4) FIWHBEFIRBIZ S D RF ORI E W E & IRIR S 2k X,




Specialized subjects | Electronic circuits

Dec. 5, 2020
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 (a).
(2) Derive the transfer function G(s) = Vo (s) / Vi (s) for the circuit shown in Fig. 1 (b), and sketch the Bode plots
of the voltage gain and the phase for G(jw).

(@) (b)
Fig. 1

2. By using a Zener diode with its voltage-current characteristic shown in Fig. 2 (a), a limiter circuit as shown in Fig. 2 (b)
has been constructed with a resistor R.
(1) Sketch the input-output voltage characteristic of the limiter circuit on the coordinate plane as shown in Fig. 2 (c).

(2) Sketch the waveform of the output voltage V, when the sinusoidal input voltage Vi is applied as shown in Fig. 2 (d).
|D A R VOA y Vi
Is —O z
-Vz Vo Ve
T Vi z N |V, —>V; 0
VD

(@) (b) © (d)
Fig. 2

3. Solve the following problems on the RC sinusoidal oscillator shown in Fig. 3.  The operational amplifier is assumed
to be ideal.
(1) Derive the voltage gain Ga of the non-inverting amplifier (part A).
(2) Derive the voltage gain (attenuation rate) Gg of the RC network (part B).
(3) Derive the loop gain T of the RC sinusoidal oscillator, where T = Ga Gg .

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

- N




TH 3 EFEBREFIFERELREAFLHRME
HHIFHE (fFM2F12 A5 BEIE)

KosE (1], [2], [B) &L L. TR, (L, s12T 7T AR T AR
[ﬂﬁ%%ﬁ@@p:uﬁk<K&T@£ﬁﬁ>f§énévz%Aﬁ@5.:@yx%
AT B ERE AN AR LTI, SRR LB o R BIE T 5 58 %, 8
AT/ o7 b = %, ], FCEHBOMAMESRTE. B 1 -mRaAEE L%o
A D &S (G Ard. UTORICER L. AP, WAGTTEHHE tan-]
ITHE L L TR DB 720,

(1) ZOVAF MIRECHDLNRLETH DM, BTk L bIcKz k.

(2) ZOVRF AT N2 2k LTATI L, oy ESRIASEE LB ) 2 3 % 7
TR

(3) ZDT AT AT sin20t Zfkfe L TATI L, +oolefasikil L7z BRo ) 2 8l & 7=
T TRE.

[ep]



[2] STEDIREERNOERESND VAT LABHDH. ZOVATLARKELT2OO AN,
dEZ]Y, 120N c 2t £z, 3EDOBEEROAN LN ETNEN 21, o,
T3 BEDyr, ye, ys £ T5. ZHHDESOMICIZLUTOMBERS 5.

dy dx
Ty =T —Ys, d_t1+10y1:d_t1_x1
Py, dy
To =y +d, W;—d—;:i@
T3 =1Y2, Y3 = T3

C =12
PUF ORI % X
(1) DY AT 2ERT 70y 7 GHRERT. REEEREET 70y 7 ORITEZ DG
FESER DA A B E AN L.
(2) ASr BT ¢ £ COBEREME R, ZOLEEEHRE L.
(3) AT d DB ¢ E TOBEREERD, Z0REREHRYE L.

[8] ROBIERREEZS.

d 0 1 0
Ex(t) = [ 1o ] x(t) + [ ) ] u(t), z(0) =x
y(t) = b 1x(t) +d(t)
ZIT, xlPRERT b, w TS, g THAEE, dIEANEL, bIFER, xo 1RIREEA
7 MVOPIIE TS 5. SAELIE
d
%d(t) =0, d(0)=dp
CIRET . 22 Tdy lIANELOWBETH 5. SNELOFEZ MG T 5720, LTI RT#H
LWEH w 28 AN LES SR EZ AW TREIERT 5.
d
Lon(t) =yt
UTORIZEZ K.

(1) w, dZANEL, wEHDETHIKRY AT AORRESFENS L O ) iRt 2%
T P LIRS AT LRI R [ w] &5

_ ()
u(t) = —-K [ wit) ]

ZHWT, SRV AT LAEZLRENNTELEDICHREND O E2RYE. ZZ2CTK
IIRRE T 4 — RN 7 A v ThD.

(2) HREET 1 — Fo3 2 Hili

(3) IREET 4 — R AR ZHIINZ K VARV AT AREERLINTND & &, limy_s u(t)
D Z 7~ H.



TH 3 EFEBREFIFERELREAFHRME
Control engineering (5 December 2020)

Answer the following questions ([1], [2] and [3]). In the following, ¢ denotes the time, and
s the Laplace operator.

[1] Consider the system whose transfer function is G(s) = , where K and T are

K
1+7Ts
real constants. When we repeatedly performed the experiment where a certain sinusoidal
input was continuously fed to the system and its output was measured after sufficiently
long time passed, we always obtained the same waveform of output. Figure 1 shows the
input (broken line) and the output (solid line) after sufficiently long time passed. Answer
the following questions. Note that you do not need to show the numerical value of square

1

root or tan™" in your answers.

(1) Answer, with the reason, whether this systems is stable or not.

(2) Suppose that the constant input 2 is continuously fed to the system. Express, with a
numerical value or a formula, the output that we will get after sufficiently long time
has passed.

(3) Suppose that the input sin 20t is continuously fed to the system. Express, with a
numerical value or a formula, the output that we will get after sufficiently long time
has passed.




[2] Consider a system consisting of three transfer elements. The system, as a whole, receives
two inputs r and d and gives an output ¢. Let us denote the inputs and the outputs of the
three transfer elements by 1, x5 and x3, and yy, y» and ys, respectively. The signals satisfy
the following relationships:

dy dx
T =T —Ys, d—;ﬂLlOyl:d—;—xh
Py dy
To =y +d, T;—d—;:f@,
T3 = Y2, Y3z = T3,

C = 1Yo.
Answer the following questions.

(1) Draw the block diagram of the system. In the blocks that represent the transfer

elements, write down the corresponding transfer functions.
(2) Find the transfer function from the input r to the output ¢, and discuss its stability.

(3) Find the transfer function from the input d to the output ¢, and discuss its stability.

[3] Consider the controlled object below:

d 0 1 0
%x(t) = [ 10 ] x(t) + [ ) ] u(t), z(0) = o,

y(t) = [b 12(t) +d(t),
where x is the state vector, u is the control input, y is the controlled output, d is the

disturbance, b is a constant, and x( is the initial value of the state vector. Assume that

the disturbance is expressed as follows:

d
—d(t) = d(0) =d,
() =0, d(0) = do

where dj is the initial value of the disterbance. Augment the system using an integrator
for disturbance attenuation, introducing a new variable w defined by the equation below

Cu(t) = (t)

Answer the following questions.

(1) Show the state equation and the output equation of the augmented system that
receives the inputs v and d, and gives the output w. Here let the state vector of the

augmented system be [z7 w]T.

(2) Show the condition for b so that the augmented system can be stabilized by the state

u(t) =—-K [ z(t) ] ,

w(t)

feedback control

where K is an appropriate state feedback gain.

(3) Show the value of lim;_,,, u(t) when the augmented system is stabilized by the feed-
back control.



B3 SUNKRFRFERES 2T MMERBENT EXET THHK
iR AFRBREE (2020412 H 5 H)

BRI (Special subjects 1I)

fif’% EovEE (Instructions):

1.

AL, TR ] 0GB H 5 E TRV TIZR S 7220,

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

IR R &0 19 8 AR 3 TH 5.

You are given 19 problem sheets including this cover sheet, and 3 answer sheets.

LAFD 343805 1 B2 RORE T 5 2 &

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

7B field page
1 | EERT Electromagnetism 2 ~
2 | FEERT SR Semiconductor device 8 ~
3 | FHREMETY Computer engineering 14 ~

fREITEHRRICREAT 2 2 & Rl —2 & 72 ) —MOMERREHNL. AR—=2
DR RWGHRITERZHNTH RV, 205513, REIHE HDH Z L 2R
THZ 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.

REMMOBIIC, ZEs, K4, BROBABIOMEESZTATLZ L.
Fill in the designated blanks at the top of each answer sheet with your examinee

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

ﬁ@ﬁ 1%, H zl:uu, TG EOWT NN TRATHI L.

Your answers must be written in Japanese or English.



TN 3 RERFFBEAF BRI E T (G241 2H5H)

WOAR (1 M2 [M3) &z kL.

1

(1) FHER ey DEZEFITH DERITE VR a DEFBERNEMNEYS D 1 OFEMEAL
TW5. BRSO ZERD L.

(2) FHER g DEZETITERICEVER a © 2 RO BEAER M d(d>>a) T TICRE
ENTW5. BEfiEY-Y OBERELSRD L.

(3) FHER e DRKTICH L h OF SIZERICE VA a DERERNRE SN TS, B
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2021 Entrance Examination for ISEE (Electromagnetism)  (December 5, 2020)

Answer the following questions  ([Question 1] [Question 2] [Question 3]).

[Question 1]

1)

)

©)

(4)

In vacuum of permittivity &, , there is an infinitely long straight wire of radius a that carries a
charge 4 per unit length. Give the electric field distribution.

In vacuum of permittivity &, , there are two infinitely long straight wires of radius a placed
parallel with a distance d (d >> a). Give the capacitance per unit length.

In the air of permittivity €, there is an infinitely long straight wire of radius a, which is located at
a height h above the ground. Give the capacitance per unit length.

In the case of (3), give the capacitance per unit length for h=5.0m, a=1.0 mm, where
permittivity of air ¢ = 8.85 x 102 F/m and log, 10 = 2.3.



2021 Entrance Examination for ISEE (Electromagnetism)  (December 5, 2020)

[Question 2] As shown in Fig.2, three thin concentric spherical shell conductors A, B and C with
radii a, b and c are located in vacuum space. Dielectric with electric permittivity £1 is filled in the left
half part of the area between the conductors A and B. Dielectric with electric permittivity £ is filled
in the right half part of the area. Dielectric with electric permittivity &3 is filled in the space between
the conductors B and C. Electric permittivity in vacuum is £o. Answer the following questions.

(1) When electric charge Q is applied to the conductor B, give the magnitude of electric fields of the
region 1 (the left half part of the area between the conductors A and B), the region 2 (the right
half part of the area between the conductors A and B), the region 3 (the spherical shell between B
and C) and the region 4 (outside of the conductor C), respectively.

(2) Give the capacitance of the conductor B.

(3) When an electric charge Q is applied to the conductor A, not to the conductor B, give charge
quantity Q1 distributed on the conductor A in contact with the region 1 and charge quantity Q>
distributed on the conductor A in contact with the region 2.

(4) In the case of (3), give the magnitude of each electric field in the region 1, the region 2, the region
3 and the region 4, respectively.

(5) Give the capacitance of the conductor A.

region 1

region 3 region 2



2021 Entrance Examination for ISEE (Electromagnetism)  (December 5, 2020)

[Question 3] Answer the following questions.
(1) Asshown in Fig. 3(a), a current I flows through the straight conductor AB of length ¢. Consider

()

(3)

(4)

the magnetic field H at the point P of the distance d from the conductor. The current flows in the
direction from B to A. O is the point where the perpendicular line from point P intersects with AB,
6, is the angle ZPAO, and 6, is the angle ZPBO, respectively. Find the direction and
magnitude of the magnetic field dH generated at point P by a piece of current I ds at point Q with
a distance s from O, where the angle ZAQP is 6.

Using the previous results, find the direction and magnitude of the magnetic field H generated at
point P by the current | flowing through BA in Fig. 3(a).

Next, in parallel to the conductor AB, straight conductor CD of the same length /¢ is placed at
intervals d as shown in Fig. 3(b), where the current I, flows from B to A and the current I, flows
from D to C, respectively. Find the direction and magnitude of the force dF experienced by the
short interval dx at point P’ which is in distance x from point D on the conductor CD.

In the case of (3), find the direction and magnitude of the force F acting between the two
conductors.

A A s, A A C
P
81
dsA. 6 dx 2 p’
Q f !
/ s /
oVl = “a P I E—
d ' d X
6,
v B v B D
I [1 IZ
(a) (b)
Fig. 3
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Entrance Examination, Dec. 5. 2020

Semiconductor devices

Answer the following questions ( @ @ ).

Figures 1(A), (B), and (C) show schematics of energy band structures of semiconductors.
Answer the following questions.

Energy (E) Energy (E) Energy (E)
Conduction band Conduction band Conduction band
/__%band /{Ience band /\Valence band
Wave number (k) Wave number (k) Wave number (k)
(A) (B) (©)
Fig. 1

(1) Write down the letters (A-C) corresponding to the semiconductors having the energy band
structures (A) to (C) in the ascending order of the effective mass of free electrons.

(2) Write down the letters (A-C) corresponding to the semiconductors having the energy band
structures (A) to (C) in the ascending order of the effective mass of holes.

(3) Among (A)-(C), list all semiconductors having indirect-transition energy band structures.

(4) Which is suitable for application to both high-speed transistors and high-efficiency light-
emitting devices among (A)-(C)? Answer with the reason.

(5) When the values of resistance of semiconductors (A)-(C) were measured with increasing the
applied bias, the resistance of a semiconductor increased with the increase in the applied bias.
Select the semiconductor among (A)-(C) that shows this phenomenon, and explain the reason.

11



2

Answer the following questions concerning a pn junction diode, composed of a p-type silicon
(Si) with an acceptor concentration N4 and an n-type Si with a donor concentration Np. Here, the
absolute temperature is 7, the intrinsic carrier concentration is #;, and the elementary charge is g.

(1) Answer the concentrations of holes and free electrons in the neutral region of the p-type Si.

(2) The acceptor concentration in the p-type Si is decreased to 1/10. Will the diffusion barrier
(built-in potential) increase or decrease compared with the original value? Answer with the
reason.

(3) Answer the polarity (positive or negative) of a bias voltage applied to the n-type Si, when a
forward bias is applied to this pn junction.

(4) A sufficiently long time has passed with applying a forward bias (bias voltage: V) to this pn
junction. The x-axis is defined as shown in Fig. 2, where the position of the depletion region
side edge of the p-type Si is x=0, and the other side edge of the p-type Si is x=W. Show
equations for the free electron concentration at x=0 and x=W. Here, Boltzmann’s constant is
represented as k. The length W of the neutral region of the p-type Si is much longer than the
diffusion length L of free electrons.

(5) Sketch a profile of the free electron concentration in the neutral region of the p-type Si, and
show an equation for the free electron concentration at position x (0 =x = I¥). In the sketch, set
the free electron concentration and x on the vertical axis and horizontal axis, respectively.

depletion
region
n-type Si i i p-type Si
neutral region i i neutral region
| | |
X
0 W
Fig. 2
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3

Answer the following questions (1) and (2) concerning a metal-oxide-semiconductor
(MOS) structure consisting of a p-type silicon (Si) substrate. The work function of the metal of the
gate electrode is the same as that of the p-type Si, there is no electric charge in the gate insulator,
and there is no interface state at the interface between the gate insulator and the p-type Si.

(1) When a positive bias V¢ was applied to the gate electrode, an inversion layer was formed, and
the concentration of the free electrons in the inversion layer became equal to the acceptor
concentration in the p-type Si. Sketch an energy band diagram in the region from the gate
electrode to the inside (neutral region) of the p-type Si substrate. The gate bias Vg, the energy
positions of the Fermi energy Ery of the gate electrode metal, the top of the valence band Ey,
the bottom of the conduction band Ec, the Fermi level EF, the intrinsic Fermi level E;, and the
surface potential ¢ of the p-type Si should be shown in the energy band diagram. The
elementary charge is represented as q.

(2) Even when the gate bias V¢ is increased from the value in the previous question (1), the width
of the depletion layer does not extend. Explain the reason.

Answer the following questions (3) —(5) concerning an n-channel MOS field effect transistor
(MOSFET) with the gate length L, the gate width W, the thickness of the gate oxide 7., and the
dielectric constant of the gate oxide .. Take the x-axis in the direction from the source toward the
drain, and x=0 and L at the edges of the source and drain, respectively.

(3) By applying a positive bias voltage V¢ between the source and gate, free electrons are induced
in the channel region. Show an equation for the charge density O.(x) at position x in the channel
region, using the threshold voltage Vi of the MOSFET, and the potential V(x) of the
semiconductor surface at position x.

(4) By applying a positive bias voltage Vp between the source and drain, free electrons in the
channel region flow from the source to the drain. Show an equation for the drain current /p,
using the free electrons mobility u. Assume that the channel is uniformly formed between the
source and the drain, and x is constant in the channel region.

(5) How does the threshold voltage Vi change, when the gate electrode metal is changed to that
having a larger work function? Answer with the reason.

13
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ROEMN ( [B1] ~ [([3] ) TBAXK. KEl—2d7 b —HMOMEHKE AW X,

(1] 525N BREK TR NSRBI F(a,b,c,d) BT OHEIR %72 3, Zhed
B G(X,Y, Z, W) DREIRIE 2 RE. 7270, REEAE S IBAEARERDS 5,
BB B/ND D D RIS, BHEDE L WEEmIEADE D 2 551213 D h
TY T INVEPER/NDDD%EFRT.

’a b ¢ d‘F‘

000 00

00 0 1[0

001 00

001 1|1

01 0 00

010 1|1 X = abé+ bd+ abd
01 1 00 Y = acd+ bed + abd + aed
0 11 1,0 Z = abe+ bed+bd

1 00 01 .

Lo oo 11 W = abd+ abd + cd + ac
101 01 F(a,b,c,d) = G(X,Y,Z,W)

1 01 1|0

1 1 0 01

1 10 1|0

1 11 0|0

1 11 1|0
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(2] 5ODAT—INoRBNATIAVRT—RRA2HFTEI4 070y HIiZo0
THERD., BEINSAM T4V ATF=VIF, IF (GHHE), ID (a7 3a—1R),
EX (547), MEM (A€VT7 27X RA), oI, WB (74 hXv o) THDB. DR
DRMZE Z XK.

(1) IF, ID, EX, MEM, WB OIEIERIE, T Z, 240 ps, 400 ps, 200 ps, 250
ps, 180 ps THB. ZDT —XNADEKNEWEREHZEZ L (HBALIX GHz) .
(2) IF, ID, EX, MEM, WB OWEhh 1 D% 2 DDOAT—VIZHHEL, X475
A VATV E S PO 6 ANEMNTAIE2EZS. TIT, DEIEINLESA

T VAT — Y DBREREI, DEIFIDONAL TS VAT =Y OB D
2B L IRET D, AT T4 Y OEIER B ZRKIZT 720120 ETRE A
TIA VAT =VRERE L. £72, ZOHFBHEILIC & D ERTE D RAREIEE

B R B A & (B GHz) .
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(B3] 200D IE, FEHE X OCRNEIZR 2 BARHTITA525DET 5. LFOKM
WIZEZ L.

(1)

(2)

(3)

HBZoNld x dy 1T A & dy x d3 175 BIZH L, 7TV XL 1IEENS DR
C=AB%k5d. 7VI) AL 1ORKHEHFREEEZEX X.

7Y XA,

AR dy x do 178 A = (aij) & dy x d3 1751 B = (byj)

1 fori<+1tod;

2 for j < 1to ds
3 cij < 0

4 for £k + 1 to d»
5
6

Cij < Cij + aiby;

return C' = (¢;5)
10 x 1004741 A & 100 x 11741 B & 1 x 1004741 C & 100 x 10474 D 2352 54 7=
L&, TNWODOME=ABCD 27 )V3Y AL 1 %2 T )IV—F VIZHWTRD .
(a) A E = (A(BC))D TRINZHEDIEIZHES 6, 174 E OFHRIZE T 200

REREORBMDOEGEH E2EZ L.
(b) E DFEIZHH 2 HRAER/NE 2 2 ONEE, [ (a) 12> 72 R TRl E .

72, TOMOIEIZHES EDHBEIZB I ME L RAEDORBOEHZ2E X K.
M, (i=1,...,n)&di xdi 175 L, TNSDMX =M, ---M, 27 )L3V XL
1 ZHWTKRDZW. X OBDOMEIZAES RFEEHERIZDOWT, 7UVITYXA21F%
DiE/NERDZ Z L ZGEHE L. £2703V XL 2 ORRFIHERZE X XK.
7ILTd) XL 2.
AR BBy, ... dy

for j < 1ton

1

2 fG.j) 0

3 fori<1ton

4 for j<1ton—1
5

6

I<k<j+i

return f(1,n)
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Answer the following questions ( [Q1] ~ [Q3] ).

(Q1] Let F(a,b,c,d) be alogic function whose truthtable is shown below. When the following
logic equations hold, show the minimum sum of products form of the logic function
G(X,Y,Z,W). The minimum sum of products form of a logic function f has the smallest
number of product terms among those which represent f. If there are more than one
forms having the smallest number of product terms, forms with the minimum number

of literals are chosen.

a b c d|F]

00 0 0|0

00 0 1|0

001 0|0

00 1 1|1

01 0 00

010 1)1 X = abc+bd + abd

0 1 1010 Y = acd+ bed + abd + acd
R Z = abc+ bed + bd

1 00 01 B

1 00 111 W = abd + abd + cd + ac
1 01 01 F(a,b,c,d) = G(X,Y,Z, W)

1 01 1]0

1 1 0 01

1 1 0 1]0

1 11010

1 1 1 1]0
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(Q2] Let us consider a microprocessor that has a 5-stage pipelined datapath. The imple-
mented pipeline stages are IF (Instruction Fetch), ID (Instruction Decode), EX (EXecu-
tion), MEM (MEMory access), and WB (Write Back). Answer the following questions.

(1) The latency of pipeline stages, IF, ID, EX, MEM, and WB, is 240 ps, 400 ps, 200
ps, 250 ps, and 180 ps, respectively. Answer the maximum clock frequency of this

datapath (unit is GHz).

(2) Consider increasing the number of pipeline stages from 5 to 6 by partitioning a
single pipeline stage, IF, ID, EX; MEM, or WB, to two stages. Assume the latency
of the partitioned pipeline stages is half of that of the original stage. Choose one
pipeline stage that should be partitioned for maximising the clock frequency of the
datapath, and answer the maximum clock frequency we can achieve by this design

optimization (unit is GHz).

18
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(Q3) Suppose that each of additions, multiplications and comparisons of two numbers takes

a unit time. Answer the following questions.

(1)

(2)

(3)

Given a dy x dy matrix A and a dy X d3 matrix B, Algorithm 1 computes the product
C = AB. Show the time complexity of Algorithm 1.

Algorithm 1.

Input: d; x dy matrix A = (a;;) and dy X d3 matrix B = (b;)
1 fori<1tod;

2 for j < 1 to ds
3 cij < 0

4 for k£ < 1 to dy
5
6

Cij < Cij + aikbkj
return C' = (¢;)
Given a 10 x 100 matrix A, a 100 x 1 matrix B, a 1 x 100 matrix C' and a 100 x 10
matrix D, we wish to compute £ = ABCD using Algorithm 1.

(a) Show the total number of additions and multiplications in the computation of £

according to the multiplying order represented by the equation £ = (A(BC))D.
(b) Show the multiplying order of E, in the form of an equation similar to the

question (a), minimizing the execution time. Also, show the total number of

additions and multiplications in the computation of E according to the order.

We wish to compute X = M, - - - M,, using Algorithm 1 where M, is a d; X d;;1 matrix
for each i = 1,...,n. Prove that Algorithm 2 finds the minimum time complexity
over the multiplying orders of X. Also, show the time complexity of Algorithm 2.
Algorithm 2.
Input: positive integers dy, ..., d,11

for j < 1ton

f(G,J) «0
fori:<+ 1ton

f(g,7+14) < min {f(j, k) + f(k+1,7+19)+djdps1djrita}
J<k<j+i

1

2

3

4 for j« 1ton—1
Y

6 return f(1,n)
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