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B AR
(G548 H29H)

B 5 (Mathematics)

(THh o 1)

fif2 EOFE (Instructions):

1. AT, TR0 ] OAKNH % F THRW TR B0,

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

- EARRITI R A 20 TR, METRRIZ 3 o2 (1 HIcoE 1) Th 5.
You are given 7 problem sheets including this cover sheet, and 3 answer sheets (1 sheet for

each field).

BB, BRATEE - R O 2 EFITINA T, N7 hVIENTRS JUWER - fiEHS 1 A
IR, At 3 8 _Ob\fﬁ’i/@ﬁ‘é &L AT RICIRE R A TS 2 L.

Answer three fields in total, including Linear algebra and Analysis and calculus, and either
Vector analysis or Probability and statistics. You must use a separate answer sheet for each

of the fields you selected.

Ak o field page
RIS Linear algebra 2

fENT - #5484y Analysis and calculus
7 NVERT Vector analysis
e - et Probability and statistics

NIE= S

=Wl —

 FRER ORI, HH4, SBREFESBIORAZFLAT LI & 3BHOMEHHIZONT
%, BRULoHES B F72iT4) 2OTHI»Z L.

Fill in the designated blanks at the top of each answer sheet with the department name, your
examinee number and your name. Mark the selected field number (3 or 4) with a circle on

the third answer sheet.
CRBEIERRICRRAT 22 L. AR=ZARR Y G E I3 EEZ O THRVR, 208
A, BEERICHENOLZLEATLTH 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.

. ﬁ /Q 1%, H zliuu, @b\@”hz’ﬁfﬁﬂﬂﬁé Z L.

Your answers must be written in Japanese or English.



IR 2 7 bR LT

EEHERE AR BRE
(G548 A29H)

B 5 (Mathematics)

(7T ke > 2)
Sy RS R AT A 2 L.

Use a separate answer sheet for each field.

1.

[#RFZ18EK (Linear algebra) 47 %]

mxnFATHIA L mRILERZ FAbIZH LT, S={xeR"| Ax=Db}, f(x)=Ax%E
E2TAH, ZoLx, UTOMWIZE2 X, 270, LTFOFEREITHHZ LIZHNT X,

FE. R EO~7 hVZER] (BIBZER])V OFOGEE W 5V OE522H Td 2 ME 53 S
UUTFDOERMENMIEESNDZ ETHD.

Cl. 0eW.

C2. uuveWnbiTu+vel.

C3. ucWceR2ZbHiEXcueW.

20 2 0
(1) A= |0 8 24 24| THBEX, O Ker(f) DKL & B & —HLRD k.
02 6 6

(2) —MRIZKer(f) S R" DEBDZER TH D Z & 2t
(3) SHR" DEHZEMTHLLEE, b=0Thd I LERE.

(4) S 78R OENZER, ABES T THDLT5. ZDLx, ANEAFHTHLRD
£, S =1{0} THhs & rmt.



IR 2 7 bR LT

EEHERE AR BRE
(G548 A29H)

B 5 (Mathematics)

(7T HeHF o 3)
Sy RS R AT A 2 L.

Use a separate answer sheet for each field.

For an m xn real matrix A and an m-dimensional real vector b, define S = {x € R" | Ax = b}
and f(x) = Ax. Answer the following questions. Note that the following fact can be used

without proof.

Fact. A subset W of a vector space (linear space) V' over R is a subspace of V' if and only if

the following conditions hold.

Cl. 0eW.
C2. IfuveW,thenu+veW.

C3. Ifue W and c € R, then cu € W.

20 2 0
(1) When A= |0 8 24 24|, find the dimension of the kernel Ker(f) of f and a basis of
02 6 6

the kernel.
(2) Show Ker(f) is a subspace of R™ in general.
(3) Suppose that S is a subspace of R". Show b =0 .

(4) Suppose that S is a subspace of R™ and A is a square matrix. Show S = {0} if A is

invertible.



I e 5 e 2 s o o L 2s PR EE LRI
it AR

(G548 A29H)

B 5 (Mathematics)

(7K 4)
Sy RS R AT A 2 L.

Use a separate answer sheet for each field.

2. [f##TF - 3508855 (Analysis and calculus) 43 %7 ]

I:/ 2 exp(—a)dzx
0

REMRERE L. 72720, [T exp(—a?)de = /7 ZAEFIZR LICHW TR,

(2) ROWoy TR D —fifif 2 K> L.

dy :
— +y =xsinhx
dx

(3) BB [(2) = s #HXD. KOBMOIELL,

(a) f(2) DA T ~Tkob k.
(b) Ta:/%ﬂémca:feof:@%ﬁﬁff(z)dzz;:ﬂ%m. FEL, R>1E45.
C

Im




I e 5 e 2 s o o L 2s PR EE LRI
iR AR

(G548 A29H)

B 5 (Mathematics)

(7K o 5)
Sy RS R AT A 2 L.

Use a separate answer sheet for each field.

(1) Calculate the integral
]:/ 2° exp(—a*)dx,
0

where you can use [ exp(—z?)dz = /7 without proving it.

(2) Find the general solution to the following differential equation.

dy :
— 4y = xrsinhz.
dx

(3) Consider the complex function f(z) = . Answer the following questions.

2441
(a) Find all the poles of f(z).

(b) Calculate the complex integral ]{ f(2)dz, where C is a semicircle as shown in the
figure below, and R > 1. ‘




KR 2 7 ap TTARLERR

{B ﬂ%*ﬂi J\%nitgﬁﬁﬁ
(5Ff548H29H)

B 5 (Mathematics)

(7K D 6)
Sy RS R AT A 2 L.

Use a separate answer sheet for each field.

3. [=7 F /Vﬁ’éﬁﬁ (Vector analysis) 47 %7 ]

BRFEERICBT, o, y MHHORMAY M EZRENL § LT 5. ko (1), )1
m?NﬁFW%FEﬁ%CLObT,ﬁ%ﬁ/ﬁ“#%%ﬂ%ﬂ*@&
C

(1) X7 MG F%F = 2wy —y)i+32%y? —2)j & L, &R C Zhifry® +2° — 20y =1
D1 (—13,—4) 7545 (5, —4) ETOES LT 5.

(2) X7 MG F % F = (3¢* +4y) 1 + (x+7yey) LT 5. R CIEL, K P(0,0), A

Q(2,2), A R(4,6), £S(1,3) #TEALTBILLFT, P, Q R, S, PO ST
ERTVG LT 5.

The unit vectors on x and y axes of Cartesian coordinates are denoted by ¢ and 7, respectively.

Find each line integral / F-dr of the vector field F' along the path C' defined in (1) and (2).
c

(1) Let F = (2zy® —y)i + (32%y*> — 2)J, and C be the curve y* + 22 — 2zy = 1 from
(—13, —4) to (5, —4).

(2) Let F = (3¢** + 4y) i + (z + TyeY) j, and C be the quadrilateral with vertices at points

P(0,0), Q(2,2), R(4,6) and S(1, 3), which is directed from P to Q, Q to R, R to S and
S to P.



IR 2 7 bR LT

EEHERE AR BRE
(G548 A29H)

B 5 (Mathematics)

(THHF D7)
Sy RS R AT A 2 L.

Use a separate answer sheet for each field.

4.

[ - #LEF (Probability and statistics) 57 7]
BOHIZ N HOEINE= L E Ny HOBNE—LRH Y, ZOREE N = Ny + N, &
B. ZOFND2OOR—LET L H ATRY, WHBAVR—LThHIMEEILL/2 THS

£T5.

(1) Ny 38D &= Ny Of/Maz KD K.
(2) No DMEED &= Ny Of/Maz KD K.
(3) N ZfEO/NSWIIEIZ 3 23k L.

A box contains N; white and Ny black balls, and the total number of balls is N = Ny 4+ Ns.
When two balls are randomly drawn from the box, the probability that both balls are white

is 1/2.
(1) Find the minimum value of N; when Nj is an odd number.
(2) Find the minimum value of N; when N, is an even number.

(3) Find the three smallest values of N.



TUNREERZERGE S AT LIGHEIAIN BT LA
et AEalBRiiE (FEfEH AR5 48 H 29 H)

5 P B H (Specialized subjects)

(1/25)

fie%s L O E (Instructions):

1. MM, MG OGXRDH 5 X THOWTIE RS RV,
Do not open this cover sheet until the start of examination is announced.

2. [MEAMRIEERMZ Z D 25 K, MERMIE 3OO0 28 (1 nEFICDE 1850 TH 5.
You are given 25 problem sheets including this cover sheet, and 2 sets of 3 answer sheets (1 set
for each field).

3. LIFD 5 06 2 e URE T 5 2 & BRI 1 28IcOE 188, K1 Dbk
D1RZMEHTSC L. 1 BUCKRE 2 DL EOfEZFH TR ERW.
Select 2 fields out of the following 5 fields and answer the questions. You must use a separate
set of answer sheets for each of the fields you selected. One sheet in a set is for one question.

You may not use one sheet for two or more questions

par o field page
A | BRI Circuit theory 2
B | Bl Electronic circuits 6
C | Hilf# T Control engineering 10
D | EWAE Electromagnetism 16
E | 2E(AT /314 X Semiconductor device 20

4. PRERAROAEERIC, BRI H Y, ZRES, KABKUHERSZiL AT 5 L.
Fill in the designated blanks at the top of each answer sheet with the selected field, your
examinee number, your name, and the question number.

5. REIFREIARICGEAT S 2 & AN—ADWE D HZVGEEREEZHOTERWD, TDY;
G, HEENDH L LZHGLT AT 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 so clearly on the sheet.

6. fREIE, HAGE, HEEOWITNMTiEAT ST L.

Your answers must be written in Japanese or English.



SUNRZERZEBES %5 A SRR AT T 28
(e VNS S AL (FfEH FF 548 H 29 H)
B M Bl H (Specialized subjects)

(2/25)

5B NG 2R RNRET L. BALHHICHERK LAWK, £,
K=o &7 —HoERRZEHW XK.

Select 2 fields out of the 5 fields and answer the questions. Use a set of answer sheets
for each of the fields you selected and use an answer sheet for each question.

A.

(XA (Circuit theory) 77#7]
RD# (1] ~ [[3] IW&EZ K. EHROMERSHICHE L -MERSZHLAT ST
L.

(1] X1DEEICONWT, UIROM

WIZEA K. 2L, mfilicide(t) = i() i)
sin2t [V] ORXMBEDHIME TV S )y
&9 5.
0.5H 1Q
(1) BWFRD4 > =&Y 2 %KD k. w0l 1o H Vs =L
(2) Ehi(t) BRKD X. 10 0.5F
(3) i(t), i1(t) D7 =—HYKiLz ZhE ° T_

i, I eLzEE,
W25 EZ K.

LWL 5 X 1

(2] K2DEEEICBNT, 2o %2EZ5Z
Y CHREMAVE—X R 7, THBEXNSE
HhzERKELZZW., LIFORWIEZ L. &
2L, JREIKMERKETHD, Z, TRIND
T LI RIS RS A Y B =& 2 21T
(Z179) ok swickREhs 235, Fi2, K
NOBHRCH E N7 IR S N BdE LT 2
TA V=RV AZRTHDTH 5.

145 =147
71 =
—1+V7T  1—3

(1) BERRCH N80 % e Rz L, ZOEMHY T 27 F I 2y 2455 (Y
79) Yo RO K. 72721, BHRNORIEIZA V¥ —X VA ThHE I ICHERT L. &
BIC1-U T8 2-2 W 578 5 " PR D Z 175 Zo 3K D X.

(2) 2.2 WF DS EMERIZMIA Y E—H Y R Zow & Zo BEDRE LTRD X,
(B3) ZL=1+20 %, Z, TOHBENDVRKRIZIZ S Zg 2D XK.



FUNKZERZERE S 2 T MEREIENT BAE T L¥EEIR
B3R AR E (FEhiH SfM5FE8H29H)

B M Bl H (Specialized subjects)

(3/25)

5B NG 2R RNRET L. BALHHICHERK LAWK, £,
K=o &7 —HoERRZEHW XK.

Select 2 fields out of the 5 fields and answer the questions. Use a set of answer sheets
for each of the fields you selected and use an answer sheet for each question.

(3] X3oMEEIcOVT, UMW ”

ER L. FEL, E=5]V], R =1[Q, ),

Ry=21[Q], Ry=31[Q], Ry=41[Q], C = R, R,

2[F]THhH, A4 vF SZHAL 2H1TD[MEE

WEEFKREBICHS T 5. R,

(1) Bt =0TAA 7 S EMLABR B T " oJat0
DEfME q(0) Z3RD X. c

(2) t>012BIFBERi() ZRD X

X 3



FUNKERSEBES 27 MEHRE BRET THEK
L AERBRRIE (SR A58 A 20 H)

B M Bl H (Specialized subjects)

(4/25)

5B NG 2R RNRET L. BALHHICHERK LAWK, £,
K=o &7 —HoERRZEHW XK.

Select 2 fields out of the 5 fields and answer the questions. Use a set of answer sheets
for each of the fields you selected and use an answer sheet for each question.

Answer the following questions ( [Q1] [Q2] [Q3] ) and write the number of the selected

question on the answer sheet.

[Q1] Consider the circuit shown in Fig. 1,

where the alternating voltage e(t) = sin 2¢ i(f) i(f)
— —
[V] is applied to the terminals. Answer the °
following questions.
0.5H 10

(1) Find the impedance at the terminals. o) Lo V3F ==

(2) Find the current i(¢). 10 05F

(3) The phaser expressions of i(t) and o . T

i1(t) are I and Iy, respectively. Find Fig. 1

the value of |[—11|

[Q2] Consider the circuit shown in Fig. 2. The
objective is to maximize the power consumed at

the load impedance Z; by optimizing Z5. Find
the solution by answering to the following ques-

tions, where J is the alternative current source,

and the two-port pair network represented by Z;
has the impedance matrix (Z-matrix) parameters
as follows. Note that all values shown in the

dashed line in the figure are impedances.

1+j  —1+7 Fig. 2
7, =
—1+V7T 11—

(1) Consider the area enclosed by the dashed line as a two-port pair network described by
admittance matrix (Y-matrix) Yo, and find Ys, where note that all values in the dashed
line are impedances. Furthermore, find the Z-matrix Zg of the two-port pair network

between 1-1" and 2-2’ ports.

(2) Find the output impedance Z,,; considering left side from 2-2” port as an expression

involving Zg.

(3) Find Z; that maximizes power consumption at Z; when Z;, = 1+ j2.



FUNKZERZERE S 2 T MEREIENT BAE T L¥EEIR
B3R AR E (FEhiH SfM5FE8H29H)

B M Bl H (Specialized subjects)
(5/25)

5B NG 2R RNRET L. BALHHICHERK LAWK, £,
K=o &7 —HoERRZEHW XK.

Select 2 fields out of the 5 fields and answer the questions. Use a set of answer sheets
for each of the fields you selected and use an answer sheet for each question.

[(Q3] Consider the circuit shown in Fig.
3, where E =5[V], Ry = 1[Q], Ry =2 [Q],

i(f)

R3:3 [Q],R4:4[Q],C':2[F],and the Rl
circuit is in steady state before the switch

S is closed.

(1) Find the charge ¢(0) just after the E

switch S is closed at ¢t = 0.

(2) Find the current i(¢) at ¢ > 0.

Fig. 3



SR S 2 T M R B T8
B AFERBRIE (R Sf548 H29H)
B P B B (Specialized subjects)

(6/25)
55800 2 0WaROMET L2 L. BALESIEICHERR 12 WXL, £,
R —2&H 720 — B DIFE A ZE AV X
Select 2 fields out of the 5 fields and answer the questions. Use a set of answer sheets for
each of the fields you selected and use an answer sheet for each question.

B. [%E 7[E# (Electronic circuits) 775 ]
woLfy (1], (2D 12&x L. MERROMESE SMICHE LCMESE %
AT HZ L.

(1] X 1IRTEERICBWNT, ANEEV,DOT 7T 2 EHEV,(s), HOEE,DF 7T
ABWEV,(s), NTIERLDT 77 ABBEL(s)ETDHEX, ROMWTEZ L.
72771, EEMHEESRIIHENTh DL T 5.

(1) BEFGOLERE G(s) =V, (s)/Vi(s)Z KD L.

(2) BEMGOBEEBEEREL GUw)lio>W\T, RE I |G(w)| EMFE 26(jw) DA —
R#RE Z ST VAR T (Ll CHiE L

(3) AA =R Zi(s) =Vi(s)/L;(s) &R K.

(4) ANA v E—=F U ADEBEFHNE Z,(jo)lo oW T, K& XZ(w)| L0 2Z;(jw)D
75 7 AR, Tl




JUNKFRFBE S AT MMERFH P EXE T LK
B AFERBRIE (R Sf548 H29H)
B P B B (Specialized subjects)
(7/25)

55800 2 0WaROMET L2 L. BALESIEICHERR 12 WXL, £,
K =287 ) — M OfE A E A &

Select 2 fields out of the 5 fields and answer the questions. Use a set of answer sheets for
each of the fields you selected and use an answer sheet for each question.

[ 2] X 2ITRTLCEREIRRIESRIZOWNT, ROBWMIEZ L. =771,
THEMEIE I EERN TH D & T 5.

(1) HEbEEIEE (ADHESY) OEEFG Ga KD XK.

(2) RLCIHE (BO#ESy) OBEFG (=) Gsakd L.
(3) LCIEFG RGO — TG T KD k.

(4) FIRDEHFIRBIZ S D REO R A F AL & RIE S 4k K.

\
~o T _.’

X 2



JUNKFRFBE S AT MMERFH P EXE T LK
B AFERBRIE (R Sf548 H29H)
B P B B (Specialized subjects)

(8/25)
55800 2 0WaROMET L2 L. BALESIEICHERR 12 WXL, £,
R —2&H 720 — B DIFE A ZE AV X
Select 2 fields out of the 5 fields and answer the questions. Use a set of answer sheets for
each of the fields you selected and use an answer sheet for each question.

Answer the following questions [Q1] , [Q2] and write the number of the selected question on
the answer sheet.

[Q1] In the circuit shown in Fig. 1, the Laplace transform of the input voltage V; is V;(s), the
Laplace transform of the output voltage V, is V,(s), and the Laplace transform of the input current
I; is I;(s). Answer the following questions. The operational amplifier is assumed to be ideal.

(1) Derive the transfer function of the voltage gain G(s) = V,(s)/V;(s).

(2) Sketch the straight-line Bode plots of the magnitude |G (jw)| and the phase £G (jw) for the
frequency transfer function of the voltage gain G (jw).

(3) Derive the input impedance Z;(s) = V;(s)/1;(s).

(4) Sketch the straight-line graphs of the magnitude |Z;(jw)| and the phase 2Z;(jw) for the
frequency characteristics of the input impedance Z;(jw).




JUNKFRFBE S AT MMERFH P EXE T LK
B AFERBRIE (R Sf548 H29H)
B P B B (Specialized subjects)
9/25)

55800 2 0WaROMET L2 L. BALESIEICHERR 12 WXL, £,
KREI—2& 7= ) —F D AR A AV L.

Select 2 fields out of the 5 fields and answer the questions. Use a set of answer sheets for
each of the fields you selected and use an answer sheet for each question.

[Q2] Answer the following questions on the LC sinusoidal oscillator shown in Fig. 2. The
operational amplifier is assumed to be ideal.

(1) Derive the voltage gain Ga of the amplifier circuit (part A).

(2) Derive the voltage gain (attenuation rate) G of the RLC network (part B).
(3) Derive the loop gain T of the LC sinusoidal oscillator.

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

m————— e

Fig. 2



JUNKEZEREEGE S AT LIFIEIANT 51 LRI
(Care U NE L (FEHiH 3F15 48 H 29 H)
B P R} H (Specialized subjects)
(10/25)
50HNS 2 HREORE ST ST L. BALTHHICERM 1 MEzHVE. X,
Kil—D&H e b —KDfRE K Z V&,

Select 2 fields out of the 5 fields and answer the questions. Use a set of answer sheets
for each of the fields you selected and use an answer sheet for each question.

C.

(HillfE T2 (Control engineering) 77%7]
RO [M1] ~ (R3] ICEA K. REHBORMER SHICHE LIRERS 2 AT 5 T
k.

(f 1]

X LIRS T 4 — BNy ZHIEIRICOWTLLRORICE A K. 72720, R(s) IEHEHE r(t) D
Z TS A2, Y (s) FHIEER y(t) DT T I AZHTH O, tIERA, s1dT 7T AZEHDZE
RS, o, K, >0, T,>0, k>0, T>0Ths. EPOBEIT T XTELE T/
BeRIIL, mEBid s OZHAZ e ficle UTEREE K.

(1) T DHIEHFRDBIIN— TEER R Rk K.

(2) T OHIFERDEIN— T EER R kD K.

(3) T OHIEROZEHRNZITA.

0, t<0

1, t>0

(5) k=1,T=10,%E, BIV—TIREBOMD -4+ 53 L7452 X5IC K, T; Dz ED
X. 2T, jREEHENTHS.

(6) fTRED k> 0,7 > 01cDWC, K, T; DIEZ#HYNCRET ST Lic kD, TED2HD
A DFRD 5 NIMEED 1V HOHE R (T2 LFEERZED) 2RIV — TR O
ICEID Y TAHTEMNTES0E0Z, L L BICEA K.

(4) T ORIERIC EEEE LT r(t) = { B AT EDEEIREERD .

R(s) +

pr(1+1> > ; T g(s)

X 1



TUNKEFERREE S A5 AR TR T T WK
LA CERBRIE R AR5 48 H 20 )

B P R} H (Specialized subjects)
(11/25)

50 G 2 IR ORE T 5 L. BATCTIBICHEM L 2K, £k,
Ki—DdH 7z b — K OME K Z -V XK.

Select 2 fields out of the 5 fields and answer the questions. Use a set of answer sheets
for each of the fields you selected and use an answer sheet for each question.

G

HBYAT LEDRIN s D2 REBEKXTH > THFIERTH A IEBTELEINS. DY
ATLICANTELTu(t) =125%5% &, ToICKRRIDRGE UIBOR T vi(t) 32 &5
Je. iz, ANTELUTus(t) =sin2t 252, TR ARGE UTRD AT us(t) EHTT 4o (1)
FR2ITRIED ExoTe. T27EU, R ua(t) 2R L, FRRD 4o (t) 2K, K THED IR
O DORRONEGE KT DI NTVS. TOYVAT LOERSEED K. -
ZU, tERA, 513575 ABMOER KT,

2.0

1.0 -

0.0

—1.0 |

—2.0 -




TR RS AT LR 0 T T8
e bae ACFRBE (EHED AR5 S H 20 )

B P B} H (Specialized subjects)
(12/25)

50 G 2 IR ORE T 5 L. BATCTIBICHEM L 2K, £k,
Ki—DdH 7z b — K OME K Z -V XK.

Select 2 fields out of the 5 fields and answer the questions. Use a set of answer sheets
for each of the fields you selected and use an answer sheet for each question.

(5 3]
ROIREFFEXTEREINB VAT LG ZEZS.

G:{i@ ifu@+3mm

1 1 0 by
A=| 0 -1 ol|,B=|n ,C=[101}
0 0 -1 b

172120 by, by, b3 (AN T—DRETH O, t I IRE=2EKT. LIFORMICEZ K.
(1) 1A AN TIVE Y LETH 2T LY.
(2) TrHHEEEIE exp(AL) 23R XK.

(3) WIHIREED 2(0) = [11 1|7 THDO, AJ1DHut)=0(0<t<1)TH5Ld5%. D&
Z, y(1) ZRd K.

(4) by, by, b3 ZEDEXDITHEATE, Xf (A, B) EA[HINCRSRWT L ZRE.



TUNRFRABE S AT LEHEAIT BE LA HIK
ELaRe ASAaABRiE (G H 15 4E 8 H 29 H)

B P R} H (Specialized subjects)
(13/25)

50 G 2 IR ORE T 5 L. BATCTIBICHEM L 2K, £k,
Ki—DdH 7z b — K OME K Z -V XK.

Select 2 fields out of the 5 fields and answer the questions. Use a set of answer sheets
for each of the fields you selected and use an answer sheet for each question.

Answer the following questions ( [Q1] [Q2] [Q3] ) and write the number of the selected

question on the answer sheet.

[Q1]

Answer the following questions regarding the feedback control system depicted in Fig.1, where

R(s) is the Laplace transform of the reference r(t), Y (s) stands for the Laplace transform

of the controlled variable y(t), ¢ stands for time, s is the variable in the Laplace transform.

Also, K, >0, T; > 0, k > 0, and 7" > 0. When providing your answers, express numerical

values as integers or decimals, and transfer functions as polynomial fractions in s.

Find the open-loop transfer function of the control system.
Find the closed-loop transfer function of the control system.

Determine the stability of the control system.

0, t<0
Find the steady state error when r(t) = { is applied, as the reference, to the
1, t>0

control system.
Determine the values of K, and T; such that the poles of the closed-loop transfer function

are at —4 £+ 73 when £ =1 and T' = 1. Here j stands for the imaginary unit.

Answer with the reason whether or not we can assign any two negative real values or
any pair of conjugate complex numbers with negative imaginary parts to the poles of
the closed-loop transfer function by appropriately choosing values of K, and 7; for any
k>0and T > 0.

R(s) + 1 k Y (s)
» K, <1+ > > T T >




JUNKEZEREEGE S AT LIFIEIEAT AR L HI
(ER NS i (EHEH #1548 H 29 H)
B P R} H (Specialized subjects)
(14/25)

50 G 2 IR ORE T 5 L. BATCTIBICHEM L 2K, £k,
Ki—DdH 7z b — K OME K Z -V XK.

Select 2 fields out of the 5 fields and answer the questions. Use a set of answer sheets
for each of the fields you selected and use an answer sheet for each question.

[(Q2]

A system is represented by a transfer function where its denominator is a second degree
polynomial in s and its numerator is a constant. We feed uy(f) = 1 as the input to the
system, and we have 2 as the value of output y;(¢) after a sufficiently long time has passed.
Also, when we apply the input wus(t) = sin2t to the system, we obtain the input us(¢) and
the output y»(¢) as shown in Fig.2 after a sufficiently long time has passed. Here the dashed
line indicates uy(t) and the solid line represents ys(t). The vertical dashed lines are drawn to
clarify the relative positions of the two curves. Determine the transfer function of the system.

Here, t stands for time, and s is the variable in the Laplace transform.

1 second

Fig.2



JUNKEZEREEGE S AT LGRS E T L HI
(ER N ] (EHEH 515448 H 29 H)
B P R} H (Specialized subjects)
(15/25)

50 G 2 IR ORE T 5 L. BATCTIBICHEM L 2K, £k,
Ki—DdH 7z b — K OME K Z -V XK.

Select 2 fields out of the 5 fields and answer the questions. Use a set of answer sheets
for each of the fields you selected and use an answer sheet for each question.

[Q3]
Consider the system G given by the following state equation.

- {:iz(t) = Az(t) + Bu(t),

y(t) = Cux(t),
1 1 0 by

A=| 0 -1 ol|,B=|n ,C:[101]
0 0 —1 b

Here, by, by, and bs are scalar and real constants and t stands for time. Answer the following

questions.

(1) Prove that the matrix A is Hurwitz stable.
(2) Calculate the matrix exponential exp(At).

(3) Suppose the initial state is given by z(0) = [ 1 1 1 ] and the input is given by u(t) =
0 (0 <t <1). Calculate y(1).

(4) Prove that the pair (A, B) cannot be controllable for any b, by, and bs.
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Select 2 fields out of the 5 fields and answer the questions. Use a set of answer
sheets for each of the fields you selected and use an answer sheet for each

D. [EWAY (Electromagnetism) 73#7]
LN &R ([ 1], (B 2] ) & & L. MERROMES S L MEE 5%
FRRAT DT L.

[ 1] 1 DI, 5 a, b, ¢ D 3 DOFRIMPERERBDNORLOEAR 1 &, ¥t a, c D25
DI LERERER NSRS ER 2 2, BLZ2icduLBIEEHE d <. 22 hEb IS 1% a
DEULRERGRIZELT O, Qe & 5-2 72, 22T, B DERIEH TE, d » a,b,cTHY, HZEDOFHE
Rhe T D.

(1) HLIMIHD T ¢ DEARERBROINEICHNDEMZ, BK 1 LEIK 2 ZNZIUTHOVWTUR
.

(2) EHIMTHD AL ¢ DEIRERRO BN Z, BAK 1 S8R 2 12OV TRO L. 7272 LR TO
EBAE 0T 5.

(3) BR 1 LER 2 OFFETRLFT—2ThTIRD L.

(4) BRI S8R 2 DRLINCDHDHAE ¢ OERBERGRF 2SI TRERE LIz, FEO R DR~ T21%
DZDRDEFHETRNF —2ROL. 7220, HIRIZEZONLEMITEH TEHH0LT 2.

HIKT EK 2
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Select 2 fields out of the 5 fields and answer the questions. Use a set of answer
sheets for each of the fields you selected and use an answer sheet for each

[ 2] 2R T X, z2 0 DFEEIZIBNT, x fliOIEDM X2 —Hk2DREHZ LD

IRVBSREFE B RN DH. z < 0 DK CIIMHKEEIZ0 Th S, BPIHBR TILUDOEID ad
IEHEaA v ABCD 235 P (0,0,2) L E LT, y-z FEWNIZ, W AB DY y B PATIC/R D
K OWCEERIZEI N TS, FEERICE > TRAET IR TCED LT 5.

() AT ZEIAZ, zEOBEDOREIZ—EORS v, THEEBISE 2. 2O, a4
HELLFERET), ROWICHEBROKRE I %2KD L.

Q) (HIZTBWT, aANVOHFLP D z BEN —a/2 <z<a/2 DEIZHDHFE, aAVEHEE v,
TEIDTIZDICHERNTIORE I 2RO L. ZZ2TlE, EFEaA VOEETERT
XDHETH.

(3) (HITBWT, A /LOHL P OEEMEN (0,0,a/2) 5 (0,0,—a/2) £ TEIS K, Ik
D af R ENDEE, ROV aA VIRET IV 2 — VBB RO L. 27215
OEFEHBEE SR, 2T, EARaAVOERITEETE S LT 5.

4) aANVEEITOLETHETFTIED. BEHFzloAOmME I2EE, EHMEEIZg TH
5. aA)VOHL P Oz JEEN —a/2 <z<a/2DEIZHDHEE, L tIZBIFHaA Lo
WIS v(t) ZRDE. 22T, aAVOEREIEHTCERNEL, ZOREIIEIm LT
L. Flet=012B0WTC, a4 LoEI Fv)=0~E1L, TOREaA LOFL P O z JEEE
T —a/2<z<a/2DFICHDETH.

Pe &

)
7
=
v
<

o
e
P —

X 2
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Select 2 fields out of the 5 fields and answer the questions. Use a set of answer
sheets for each of the fields you selected and use an answer sheet for each

Answer the following questions ([Question 1] [Question 2]) and write the number of the selected
question on the answer sheet.

[Question 1] As shown in Fig. 1, Conductor 1 consists of three concentric spherical shells with radii
a, b, and ¢, and Conductor 2 consists of two concentric spherical shells with radii a and ¢, where they are
placed with a center-to-center distance of d in vacuum. The innermost shells of radius @ in both
Conductor 1 and Conductor 2 are charged with Q1 and Q2, respectively. All spherical shells have
negligibly small thickness, d > a, b, ¢, and the electrical permittivity in vacuum is &;.

(1) Give the electric charges which appear on the outside surfaces of the outermost spherical shells of
radius ¢ for each of Conductor 1 and Conductor 2.

(2) Give the electric potentials of the outermost spherical shells of radius ¢ for each of Conductor 1 and
Conductor 2. The electric field at infinity is taken as zero.

(3) Give the values of the electrostatic energy of Conductor 1 and Conductor 2, respectively.

(4) Two outermost spheres of radius ¢ were connected to each other with a conductive wire. Find the
electrostatic energy of the system. Assume that the electric charge stored in the wire is negligible.

Conductor 1 Conductor 2

Fig. 1



MK K A 7 LR T T %%
e AFERBRNE (EH Sf548 A 29 H)
B PH B B (Specialized subjects)

(19 /25)
508D 208 AROMET S L. BAEDBHEICREEHK 12 X F-,
KE—28 7 — K OME M E v XK.

Select 2 fields out of the 5 fields and answer the questions. Use a set of answer
sheets for each of the fields you selected and use an answer sheet for each

[Question 2]  As shown in Fig. 2, a uniform static magnetic field B is in the positive x direction in the
region z = 0. The magnetic field is zero in the region z < 0. A square coil ABCD of resistance R and
side length a is placed in vacuum in the y-z plane, and the side AB is parallel to the y axis. The center
of the coil, P, is at the point (0, 0, z). Assume that the magnetic field generated by the induced current
flowing in the coil is negligible.

(1)

)

€)

4

Let an external force be applied so that the coil moves at a constant speed v, in the negative z
direction. Show the magnitude of the induced electromotive force and the magnitude of the induced
current in the coil.

In the case of (1), show the magnitude of the external force needed to make the coil move at the
speed v, when the z coordinate of the point P, the center of the coil, is in the range —a/2 < z <
a/2. Here, the mass of the coil is negligible.

In the case of (1), show the work done by the external force on the coil and the Joule heat generated
in the coil when the coordinate of the point P, the center of the coil, is moved from (0,0,a/2) to
(0,0,—a/2). Also, show how to derive them. Here, the mass of the coil is negligible.

The coil is released and falls under the influence of gravity. The gravity is in the negative z direction,
and the acceleration of gravity is g. Find the speed v(t) of the coil at a time t when the z coordinate
of the point P, the center of the coil, is in the range —a/2 < z < a/2. Here, the mass of the coil, m,
is not negligible. Assume that at t = 0, v(t) = 0 and the z coordinate of the point P is in the range
—a/2<z<al2.

Z
A
B
A B O
Pll &
o i >y
D C

Fig. 2
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Select 2 fields out of the 5 fields and answer the questions. Use a set of answer

sheets for each of the fields you selected and use an answer sheet for each question.

E. [HE{RT ¥4 X (Semiconductor device) 777 ]

wog (R 1] (R 2D (2% 2 K. %% AR oo RTRERE SRS R E L 7 RTE% 5 & 7L

ATDHZ L.

[F 1]
n REER A, B, CI2BIT 2 FREOBRMNCE 2 L. 72720, A,B,COERIZKIT 5 HHEFRET

FIFER, 1.0x10%°, 1.0x10%2, 1.0x102 m> TH5bH. ADNN KXYy v FIZBEELL, CONY R¥y
NI ALYBREW, F72, 4, B, C OREFE LOMIE FHOFIMREEEIZFE L.

(1)

(2)

(3)

(4)

ABLILRCIZHONT, BEEFEEDOIREKRFEEZ RS 77 72T, 77 7123,

H TR E O R A2 Ht()dh, FERE T oWz e)iciy, A 85X CoBEHE

BEZZNZENERE X R CHIG. £72, BEERGFEOEAIZST, KR, R, &EiEO
RENE A KR E X

FREENIC BV T, A BX OB OEFBENE OREEFMHIL, TnFh, WE LBIO T TY
— 7 &b OO E 225, BEIE OB E R E HEo)ih, HxHEE T OxHEem 285008
Y, AL BOBENEOREE ARSI LR,

IR BRI O ERAN(T>Te)2 BT 5 A OEPL=IE, B TR E WD, /NS0y, EEFESE
MN? BEHREEHIZEZ L.

PN A %, X 10 cm, WS 1.0 cm? O LTRSS, oo BB 2=
20V ZHUINL7=. BomimE O, LB ERAL ELERERD L. =720, =Rk

THEFBLOELOBEEZ 0.14 BL0.05 m¥Vs, Efkx v U 7EEZ 1.5x10'6 m3, FEE
iz 1.6x10°C LT 5.
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Select 2 fields out of the 5 fields and answer the questions. Use a set of answer
sheets for each of the fields you selected and use an answer sheet for each question.

[ 2]
L BT B RS A OB R N T > P A& (MOSFET) oW (&2 5. V—R&

i, RUA i, BLOEERENTERL, ¥ — MEMICS— NEE () ZFNT 260
T 5.

B 1(a)lE 7 — MTVep(K ) ZFIIIL T7 7w N2 RIZL72REE, X 1(b)IdVg = 0D FHRIREE,
K 1(c)x7 — MCBMEETE (Vo) ZEIMLZREZERZL TS, E., EITNETNEROMLRE
i i EANEE 7 B, Epm, EpslIZNVENER &8RO 7 2V I ML 2, BT FERNE
PEERTZ LARE LT L DK R TO T =)V IR (BT = L IHEND) %, qIIFRBMAET.

@  EE 0 g (0
—
P 38 (A PRUIBR ERfLfE  PRIE(K
%@ Ec /_Ec Ec
77—k =B //
| Fp—— — T CI?/ -E; 7=k /./""_dV/BI'Ei ‘/"_q'@”Ei
-———————B EFS EFM_ ————————— EFS -7’:————B-EFS
Ey | E, N I/- E,
Bk Qs
| —
L
/' DI y

0
B11. (a) Vo=V, (b) V5=0, (c) Vo= V4ICHBITBMOSEED /N> M,

MOSFET ORfEEEVr DERXZ RO D720, LLTFORWICE Z L.

(1) Z7"— NEMITV(> Vp)ZEIINT 2% &, B bR -8R mIz % v U 7 234 L C MOSFET |3 ON
WHEL 22D, V(> V) ZHUN LRI L8R R m I S I ¥ v U T EE L2V, Vg,
q, d, goxZMWTERE. HL, diZLIEDOIEEZ, eoxlIMLIEDFHERELT. iV >
Ve ClE, PEEROREENIIVGIFAEIKRTFE LRV b O LERIL, VeDVpIZktd 25y (Ve —
VIR LIIZHINEN S b D L 5.
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Select 2 fields out of the 5 fields and answer the questions. Use a set of answer
sheets for each of the fields you selected and use an answer sheet for each question.

(2) B 1R T LG, Vg =VDIFIZONTEZD. O, PBERONMEBEMNOKE S (RN
ROMRY DKRESZqTE ST D) T2yl L 5. 22 Tqygld i s +Hoitn -
NEIZBIT DE L EpgD7ETH D, FEEKMORMERDKE E&F, FEROFERLe & L
T, Vr&Veg, Fs, ¥p, d, €x, eZMNTRE. HL, BLENTHOESDKE S 1TFx =
%stﬁi%hézk%ﬁm\fiw

(3) PEBAEDEZENTRT Vo HRAZM L, UTOBERT v o) FbiLsd.

$0) = 37 = DY

T, ylEBeE-EEA R E D O OFERE, DIXZEZEOIES, NIZNER O N % &
L, y=DTODZEZEIHZBNTHMD) =0 LTWN5D. FgxypgaHNTEL, Q) ovoziz
RAL TV DR ZRKD L.
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Select 2 fields out of the 5 fields and answer the questions. Use a set of answer
sheets for each of the fields you selected and use an answer sheet for each question.

Answer the following questions ( [Q1],[Q2]). and write the number of the selected question on
the answer sheet.

[Q1]

Answer the following questions concerning n-type semiconductors 4, B, and C. Here, the semiconductors
A, B, and C have free electron concentrations of 1.0x10%°, 1.0x10%, 1.0x10*? m™, respectively, at room
temperature. The band gap of A4 is the same as that of B, and that of C is larger than that of 4. In addition, the
effective density of states of the conduction bands and valence bands for A, B, and C are the same value.

(1) Draw schematically a graph showing the temperature dependence of free electron concentrations in 4 and C.
In the graph, take the logarithmic free electron concentration as the y-axis and the inverse of the absolute
temperature (7) as the x-axis, and draw the free electron concentrations in 4 and C with solid and broken lines,
respectively. In addition, indicate the low, middle, and high temperature regions, based on the temperature
dependence.

(2) The temperature dependences of the electron mobility in 4 and B show convex curves with peaks at
temperatures 7 and T, respectively. Draw schematically the temperature dependence of the electron mobility
in A and B, taking the logarithmic mobility as the y-axis and the logarithmic absolute temperature 7 as the x-
axis.

(3) At a higher temperature (7>73) in the middle temperature region, is the resistivity of 4 larger, smaller, or almost
equal compared with that of B? Answer with the reason.

(4) The semiconductor A is cut into a rod with a length of 10 cm and a cross section of 1.0 cm? at room temperature,
and a potential difference of 20 V is applied between both edges. Evaluate the resistance between both edges
of the rod and the hole current flowing through the rod. Here, the electron and hole mobilities at room
temperature are 0.14 and 0.05 m*/Vs, respectively, the intrinsic carrier concentration is 1.5x10'® m, and the
elementary charge is 1.6x107"° C.
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Select 2 fields out of the 5 fields and answer the questions. Use a set of answer
sheets for each of the fields you selected and use an answer sheet for each question.

[Q2]

Consider a field-effect transistor with a metal-oxide-semiconductor structure (MOSFET). The source
electrode, the drain electrode, and the semiconductor substrate are grounded, and a gate voltage Vg is applied to
the gate electrode.

Fig. 1(a) shows a flat-band state with Vgg(< 0) applied on the gate, Fig. 1(b) shows the equilibrium
state with Vi = 0, and Fig. 1(c) shows the state with a threshold voltage (V1) applied to the gate. E; and
Ey, represent the lower conduction band edge and the upper valence band edge of the semiconductor, Egy
and Egg represent the Fermi levels of the metal and the semiconductor, E; represents the Fermi level at
each point if the semiconductor is an intrinsic semiconductor (intrinsic Fermi level), and g represents the
elementary charge.

(a) Oxide (b) Oxide (c)
P-type —] P-type P-type
semiconductor semiconductor Oxide Semiconductor
Metal Ec /_EC
gate : Metal ek
Evee 77T R B
———————— Ees N o e e
Ey = Ey Metal
gate
[
-
/' . y

0
Fig. 1. Band diagrams of the MOS structure at (a) Vg = V¢, (b) V=0, and (c) Vg = V.

Answer the following questions to obtain an expression for the MOSFET threshold voltage V.

(1) When V5(>Vr) is applied to the gate electrode, charge carriers accumulate at the oxide-
semiconductor interface and the MOSFET enters the ON state. Express the carrier density that
accumulates at the oxide-semiconductor interface when Vg(> V) is applied, by using
V1, Vi, q,d, and gox. Here, d is the oxide thickness, and gy is the permittivity of the oxide. For Vg >
Vr, it is assumed that the surface potential of the semiconductor is almost independent of Vg by
approximation and the excess of Vg over Vr, i.e., Vg — Vr, is applied to the oxide.

(2) Consider the situation at Vg = Vr as shown in Fig. 1(c). In this case, the magnitude of the built-in
potential in the semiconductor (the magnitude of the band bending divided by q) equals 21z, where
qg 1s the difference between E; and Egg at a sufficient distance from the interface. Express Vi using
Ve, Fs,¥p,d, e0x, and &5, where Fg is the magnitude of the interface electric field on the
semiconductor side and &g is the permittivity of the semiconductor. It can be used that the electric
field inside the oxide layer is Foy = ;—SXFS.
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Select 2 fields out of the 5 fields and answer the questions. Use a set of answer
sheets for each of the fields you selected and use an answer sheet for each question.

(3) Solving Poisson's equation in the depletion layer of a semiconductor, the electrostatic potential ¢ (y)
is given as follows.

_ 9N 2
6®) =5—( = D)
€s
Here, y is the distance from the oxide-semiconductor interface, D is the depletion layer thickness, N
is the impurity concentration in the semiconductor, and ¢(D) = 0 is assumed at the depletion layer

edge y = D. Express Fs using yg and substitute it into the V; formula in (2) to obtain an expression
for VT'



