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B 5 (Mathematics)
G Heshod 1

fiftZ: . OTEE (Instructions):

1. BRI, (4R ] OAKNH 2 F TRV TR B0,

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

2. RHREFIRUIZENA 40 5K, EREUL 350 (1 9B~ % 1K) Th 5.
You are given 5 problem sheets including this cover sheet, and 3 answer sheets (1 sheet for

each field).

3. BRI, MRNTT - BAESY D 2 SYERICIN A T, X7 MVIRNTE K OWESR - HiE D 1 A
BIRL, Bt 3 AW OWTHIE T2 Z &, BATESBEICHERRZINCT S Z 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.

738 field page
FRIZAEL Linear algebra 2

fENTS - #5055  Analysis and calculus
N7 N VIRAT Vector analysis
e - etk Probability and statistics

O | W

Wi =

4. FRERROEEIC, HlA, TRESBIOCRAZTATDHZ L. 3BHOERMKIZONT
I, @EIRULInEEs B Fidd) 2OTHIrZ &.
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.

5. REIIMERMICTEATH 2 &, A=A RV RWEEITEmZ AW T RV, £
e, BEIHENRHD Z LWL o 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. EEIX, BAGE, FFEOWTHOTRATDHI L.

Your answers must be written in Japanese or English.



& iR I T 2L e o o = ) [EHI AL f$$l§’<£$]:ﬁé$ﬁz
FRAFEE  TUNRFERFEREY AT DGR %5&%?1?%%
Eaife  ABRiiE
(5f34E8A30H)

B 5 (Mathematics)

(B KeH D 2)
Oy AR\ RS R A BT A 2 L.

Use a separate answer sheet for each field.

1.

[#RIZAHK (Linear algebra) 43 47]

nikumt—27 Uy RZER EOn + 1EHOE p1,pe, ..., Prs1 E R"ISKHL, 28 p;,p; HD1—
70y RlEMER dij = ||ps — pyl| THET. 2EL, &p 352 bLTHD. Eh2, g, =
By + By — A2 (1 <4, j < n) ZIRFIEICESTHBIBITHI% G = (g,;) € R &
5. ZOLEUTFOAMICE R L.

(1) n=2%,75%. LTD2 005K LT, FXEMHELZT 3EDE pr,pa, ps € R
D% ZFINEI 1 DRD K.
(a) (dig,dig,da3) =(1,1,1)
(b) (d12,d13,da3) = (1,2,3)

(2) &j=p;j—Pnt1 (1 <j<n) &L, ¢ ZIRTIAIZWANTH LN D1THE X = (x;) € R
5. (1) TROEEZICHL, XTX 22 EREAEE L.

(3) —MRKICGWFEEMTH D Z Lot 72120, nxnFEdHITH A e R 3HIEE

For n+1 points p1, ps, . . ., Pny1 € R™ in the n-dimensional Euclidean space, let d; ; = ||p;—pj|
denote the Euclidean distance between two points p; and p;, where each p; is a column
vector. Let G = (g;;) € R™™ be the matrix obtained by arranging g;; = d;,, | +d>,, ., — d;;
(1 <i,7 <n)in the index order. Answer the following questions.

(1) Let n = 2. For each of the following two cases, find a tuple of three points py, p2, p3 € R?

satisfying the condition:
(a) (d1,2,d1,3,d2,3) = (17 1, 1)5
(b) (d1727 dl,?)a d2,3) - (17 27 3)
(2) Define ; = p; — pr1 (1 < j < n), and let X = (x;) € R™" be the matrix obtained
by arranging x; in the index order. For each of the two answers in (1), calculate X TX.

(3) Prove that G is positive semidefinite in general, where an n x n real symmetric matrix

A € R™" is said to be positive semidefinite if v Av > 0 for every vector v € R”.



& iR I T 2L e o o = ) [EHI AL FZ%IQEEI'?'@W
SR04 FERE th%ﬁ%&/XTﬁkﬁﬂ%ﬁf%%%%Iigw
Eaife  ABRiiE
(5f34E8A30H)

B 5 (Mathematics)

G HHF D 3)
Oy AR\ RS R A BT A 2 L.

Use a separate answer sheet for each field.

2.

(AT « PFES) (Analysis and calculus) 4357 ]

(1)

R™ BTy rTREZR REMERIEL f(2) (v = (21,72, 0, 00)) 12DV, w1 = uy(t) (i =
1,2,...,m) £B<. LIEL, F o TR ETHOGARERBERE 5. ROFMWIZEZ L.

f Of o dvi . .
(a) o 83@ 7 (i=1,2,...,m) TERHE.

(b) m =2, f(x) =22+ 120 + 223, vi(t) =sint, vy(t) =t D& X,

f%xw;

ROy SRR D — iR % kD L.

dy

@—Qxy—e

i C 1 ot%%ﬁﬁfk;%zﬁh%ﬁbi.REL,CmHM:2k?5
C Z — T

For a differentiable function f(z) over R™ (z = (x1, 2, ..., Ty,)), assume that z; = v;(t)

(1 =1,2,...,m), where each v; is differentiable over R. Answer the following questions.

d 0 dv; .
(a) Express d—J; using 8f dg (1=1,2,...,m).
d

(b) Let m =2, f(x) =22+ z1m9 + 223, vi(t) =sint, and vy(t) = €'. Find di
Find the general solution to the following differential equation.
d
£ — 2y = €”

_ cos z L
Calculate the complex integral ]{ (2—)3dz , where the closed contour C'is given by

c(2z—m

a circle |z| = 2.



& iR I T 2L e o o = ) [EHI AL f$$l§’<£$]:ﬁé$ﬁz
FRAFEE  TUNRFERFEREY AT DGR %5&%?1?%%
Eaife  ABRiiE
(5f34E8A30H)

B 5 (Mathematics)

(5 KD 4)
Oy AR\ RS R A BT A 2 L.

Use a separate answer sheet for each field.

3.

[~ FVIEHT (Vector analysis) 5757 ]
B EAERIZBNT, o, y, 2 BHFMOBART MLvazEnEive, §, keT25. X7 b
B F%F=xi+2yj+10zk &35, IROMES;, Sy KOS \Zxtd DAl & atHd L.

(1) Sy Z#MfEm 22+ 22=1(0<y<4) L32 (k& EHDEANTFEOERE). MfFESm
TR VBV L.

(2) So ZMABEDO—F 22 +22=10<y <4, 0<2)EFFEH2z2=0(-1<z <1,
0<y<4) 265 ¥MERE T2 (L& KOO EAFE ORE). MRS E1E
7 MV E VL.

(3) Sz ZMfEm 2> +22=1¢&, ¥l 2=0, y=0, x+y =4 CHEN-FHKOER LT
D, A EERASZ bvE VL

The unit vectors on z, y and z axes of Cartesian coordinates are denoted by 2, 7 and k,
respectively. Let the vector field F' = xt + 2yj + 10zk. Find the integral of F' over the

following areas S, Sy and S3.

(1) Sy is the part of the cylindrical surface 2422 =1 (0 < y < 4), i.e., the surface of
the cylinder without top and bottom disks. Use the normal vector pointing outside the

cylinder.

(2) S, is the surface consisting of the part of the cylindrical surface 22 + 22 =1 (0 < y <
4, 0 < z) and the rectangular surface z =0 (=1 <z <1, 0 <y < 4), i.e., the surface
of the half-cylinder without top and bottom planes. Use the normal vector pointing

outside the half-cylinder.

(3) S3 is the boundary of the region enclosed by the cylindrical surface x? + 22 = 1, the

planes z =0, y = 0 and x + y = 4. Use the outward pointing normal vector.



& iR I T 2L e o o = ) [EHI AL f$$l§’<£$]:ﬁé$ﬁz
FRAFEE  TUNRFERFEREY AT DGR %5&%?1?%%
Eaife  ABRiiE
(5f34E8A30H)

B 5 (Mathematics)

(5K D 5)
Oy AR\ RS R A BT A 2 L.

Use a separate answer sheet for each field.

[#e « $EEF (Probability and statistics) 475 ]
2UEOBREnICH LT, P=(P,...,P) 13— #k7 v F MIEINT L, ... n} OIES
ETDH AEEOHERI, ] (1<i<j<n)lTRLT,

)1 (P> P o%H)
Y lo (=R

EF5. i, V=Y Xy (1<i<n-1) &L, Z=Y"T'Y £F5. DTOFMNC
Bz L.
(1) Z DE#FHEE[Z] 2Rk X,

2)i(1<i<n—-2)k0<Ek<n—9)IZHLT, Yooy =1(€{0,1}) DFKHEDOTT
Y; =k LR DGMMMERPIY, =k | Y, =1 ZRD X

@)Z@%ﬁWMﬂ%ﬁwi.kELZLJ?:%mHJX%+U%%wTEW

For an arbitrary natural number n greater than 1, let P = (P, ..., P,) be a permutation of

{1,...,n} chosen uniformly at random. Let

1 (if P> Py,
Xij =
0 (otherwise),

for any natural numbers 4,5 (1 < < j <mn). Let ¥; =77, Xj; (1 <i<n-1)and

Z =3""Y;. Answer the following questions.
(1) Find the expectation E[Z] of Z.

(2) Find the conditional probability Pr[Y; = k| Y,y = of Y; =k fori (1 <i <n—2)
and k (0 < k < n — 1) under the condition of ¥,, 1 =1 (I € {0,1}).

1
(3) Find the variance Var[Z] of Z. You may use » ,_, k* = an(n +1)(2n+1).



BRIAEE SUNKERPR S AT LERRPN EXE T T2EER
fELeltlE A& (FfEH w3448 A 30 H)

5 M EL H (Specialized subjects)
(1/25)

% EoFE (Instructions):

1.

FIREA N, Tah) &R H 2 E TV TIER S 2w,

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

IR IR E &0 20, BERMBIEZ3IN->D0 2 QA BEFic2% 1§56 TH 5.

You are given 25 problem sheets including this cover sheet, and 2 sets of 3 answer sheets
(1 set for each field).

DIT D s p8he o 2 02 RUME T2 2. BEHRIE 1 2B o= 1868, K1 257
D1ME/ET 2 2. TAGCKRH 2 MM EOEZH Tk ok,

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

Vax a¢ field page
A | ERIO# Circuit theory 2
B | &M Electronic circuits 6
C | il L2 Control engineering 10
D | BT Electromagnetism 16
E | FEEF7 34 2 Semiconductor device 20

EMNRORENC, BERDEH, ZhEs, REBIUMERSZILAT LI 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.

ETHEHRICGEAT S 2. AR—2APRE D RUEEFRIZHNTH R, ot
T, BECHERDH S e 2MicT 5 2 k.

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.

B, HAGE, HEEoWTneTiRATS Ik,

Your answers must be written in Japanese or English.



A4 WM RERZERE Y 27 MIEHEIEN A LS
BLeiiE AZaliE (HfsH +F3F8 H30H)
B M B H (Specialized subjects)

(2/25)

50E5 2B RIRET 2. BALIHHICBREARK1IEZHAWE. £,
K 2B 7 b —MOERTZH W 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.

A, [ER0l# (Circuit theory) 7747]
ROERN [ 1] ~ [ 4] 2»e3fzR0, BEAROBERSMIIRSE L -HEEs
FLATRLE.

(1] M1 icRTEBICHENT, B CEE E oftEAy
arg(f)— \I\*Q’C@% LIFTOMWIEZ . B, 24
w@mﬁﬁ/&&&/ziﬁﬁ?%.

(1) B BXU X; 2R k.

@ % =12%252F0agl) 2RD .

(2] M2aEEECONT, MTofunic
B XK.

(1) B 2(a) iZBWT, FmFxf1-17 KO AEM J20 1
AL EDT FIRVAY ZRD XK. 2 I

(2) X 2(a) DT 117 R 2(b) R s Y,=G+jB
YRIRYAYe =G+ B EERLE
LB AVEIERVAG (>0 B | 0
LU SR BIEAIEYT 5. T 72 Q U
B3I &YRY, 085 A NBEs P @
ERArT2OBLUBRERDE. ¥ 2
7o, TOrEnHEREN P ORAER
K X,

(b)



BHARE SN KFEREBES 2 7 AEREAN ERE T IR EK
BEEHE A ERE (EfH A1 348 H 30 H)
59 B H (Specialized subjects)

(3/25)

5O rL 2R REUMET L. BALDHEICHERAR IBEZHACE. £,
Ki—257 ) —ROMERMREH v 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.

(R3] K3oEEizE T, LIFOWwC
EZ X L, BEELEE OMERE
w, 112 Ly ZzBOA Y X7 XA, M(>0)
EMHEA VR I RV AL T3,

(1) B 3(b) DRI 3(a) DR TH =
A7z 2 d ot ol & i = =, A
Eo—f?\\‘/}( Zl, ZQ & Zg % Ll, ng M

ZfioTEAFNEEL.
(2) X 3(a) DU 1-1 20 & Al E Bz
AHA Y =RV A 7 %KD XK. i .
(b)
4 3

(4] MADEETt=0TARAVvFS &
B LRI 2 A v F S, ZEL 2T 2.
E—2V,C—1F L—1H R -2,
Ry — 1 QOBEIBILT, UTFOR A
2 . 72ELu0)=1VTHD, t=0T
ERR T EHERETH 72T 5.

(1) #(0) Z 3R k.

— )

(2) o(t) (t > 0) KD k.



AR TUNKZE RS %7 LRV At

FLYPHEL

BLeiiE AZaliE (HfsH +F3F8 H30H)
B M B H (Specialized subjects)

(4/25)

KE—25 7 b —WRoERELZH W X.

5P L 2R ROBET 2 L. BALSHBICESHAK1HZH 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.

Select three out of the four questions [Q1] ~ [Q4] and write the number of the selected

question on the answer sheet.

[Q1] Consider the circuit shown in Fig. 1, where the phase
difference between [ and E is arg(%) = % and |%| = 2. Here,
the mutual inductance between the coils can be ignored. An-
swer the following questions.

(1) Find the value of R; and Xj.

(2) Find arg(%), if |5 = L.

[Q2] Consider the circuits shown in Fig. 2.
Answer the following questions.

(1) In Fig. 2(a), find the admittance ¥} mea-
sured leftward from the terminal 1-1°. N

(2) The admittance Y5 = G+5B in Fig. 2(b) 7 > Q

is connected in series between the termi-
nals 1-1” in Fig. 2(a), where the conduc-

tance G (> 0) and the susceptance B are 20
variable. When the power consumption (a)

F at the admittance Y; is maximized
with respect to G and B, find the value
of G and B. Also, find the maximized
power consumption F.

Y,=G+jB

(b)



BHARE SN KFEREBES 2 7 AEREAN ERE T IR EK
BEEHE A ERE (EfH A1 348 H 30 H)
59 B H (Specialized subjects)

(5/25)

5O rL 2R REUMET L. BALDHEICHERAR IBEZHACE. £,
Ki—257 ) —ROMERMREH v 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.

[(Q3] Consider the circuit shown in Fig. 3, where
the source I has the angular frequency w, L and L,

are the self-inductances, and M > 0 is the mutual

inductance. Answer the following questions.

(1) When the circuit in Fig. 3(b) is equivalent
to the circuit surrounded by a dotted line in
Fig. 3(a), find the impedance Z;, Z, and Z3
using Ly, Lo and M.

(2) Find the impedance Z in the right side seen

from terminals 1-17 in Fig. 3(a).

[(Q4] Consider the circuit shown in Fig. 4,
where the switch Sy is opened and Ss is closed
simultaneously at t = 0, and ¥ =2V, C =
1F, L=1H, B =2 and By =1 2.
Answer the following questions assuming that
v(0) = 1 V and the circuit is in steady state E—=
at ¢ = 0.

(1) Find i(0).

(2) Find v(t) (£ > 0).



ARAEE WM REERZERE Y 27 HIEHRIEN S LS
BLeliE AfaliE (EfgH +F3F8 H30H)
B M B H (Specialized subjects)

(6/25)

5OERS 2 W EEMRET 2 2. BALDHHICRERAK 1EEZACL. £,
R 2B 7 0 A OREREZH W X,

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

B. [®EF[Ol& (Electronic circuits) 73 #F]

Ro&fs (1], (F2)) C&2 k. RSAROREE MRS L MEg s 2 iia
Taze,

(1] wolicE 4L, ZFL, BERIESIRENTHS T4,
(1) M1 ()i HEOHDEEY, (s)%, ANEEV,(s), Vo(s) DB L TR,
(2) HM1 )i rTHEEOHDEEY, (s)%, ANEEV, (), Vo(s)DBEE S L TR,

(3) B1 ) iSTdEEIBWT, EBEANEEV, ()% Vils) =Vi(s) —Vo(s) ok v ERT
7o REEEG(s) = V,(5)/Vy ()& #H &, Glonl DWW TEEAER L Ao R—7 o

F ARt
Zy
V]_ O_ Za
A
Vzo_ Za
Zy

{a) (b)
1



ARAEE WM REERZERE Y 27 HIEHRIEN S LS
BLeliE AfaliE (EfgH +F3F8 H30H)
B M B H (Specialized subjects)

(7/25)

5OERS 2 W EEMRET 2 2. BALDHHICRERAK 1EEZACL. £,
R 2B 7 0 A OREREZH W X,

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

(2] B2 d RCEFHBIRSEICOWT, ROMIEZEA L, 2720, EESESIEAN TH
HET D,

(1) RERIES (A0#S) OBEEAG GiaRD L,

(2) RCEIFE BO#Es) OBEFE WEE) G iR L,

(3) RCEFHEBRGOL—THBETEZRKD L, HL, T=GGe Th D,
(4) FBEEPEFREICEH 2RO RREAR - RIESELZ RS I,

[4 2



ARAEE WM REERZERE Y 27 HIEHRIEN S LS
BLeliE AfaliE (EfgH +F3F8 H30H)
B M B H (Specialized subjects)

(8/25)

5OERS 2 W EEMRET 2 2. BALDHHICRERAK 1EEZACL. £,
R 2B 7 0 A OREREZH W X,

Select, 2 fields out of the 5 fields and angwer the questions. Use a set of angwer 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. The operational amplifiers are assumed to be ideal.

(1) Derive the output voltage V,(s) as a function of the input voltages V, (s) and V,(s) for the circuit
shown in Fig. 1 (a).

(2) Derive the output voltage V, (s) as a function of the input voltages V, (s) and V, (s) for the circuit
shown in Fig. 1 (b).

(3) The differential input voltage V,;(s) is defined by V;(s) = V;(s) — V,(s) for the circuit shown in
Fig. 1 (b). Derive the transfer function G(s) = V,(5)/V,;(s), and sketch the Bode plots of the
voltage gain and the phase

for G(jw).

(a) (b)
Fig. 1



A4 WM RERZERE Y 27 MIEHEIEN A LS
BLeiiE AZaliE (HfsH +F3F8 H30H)
B M B H (Specialized subjects)

(9/25)

50E5 2B RIRET 2. BALIHHICBREARK1IEZHAWE. £,
R —2H 7 b M OEREZ R &,

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]Solve the following problems on the RC sinusoidal oscillator shown in Fig. 2. The
operational amplifier is assumed to be ideal.

(1) Derive the voltage gain Gu 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 7" of the RC sinusoidal oscillator, where 7 = Ga Gg .

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

Fig. 2



SHAAEE JUNRZERZG > 27 L IRHE N
fELeltlE A&

&R

AHT TEHK
(EfrH Ff34F 8 A 30 H)
H (Specialized subjects)

(10/25)

5OERS 2 W EEMRET 2 2. BALDHHICRERAK 1EEZACL. £,
R 2B 7 0 A OREREZH W X,

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

C.

[ 1] R—7#K (a), (b),

Gain [dB]

Phase [deg]

[#lf#) % (Control engineering) 73]

KD (1] ~ [[3] IZEA L.

(c),

(b}, (o), (d),

5 AR PRE B SR RS L - RIER S 2T 5 2 k.

(d),

Flu, vldFnFny A7 ORI, sid> 772 AHET, tizRA2R7.

20 T T T T
1 | | 1 1
1 | | 1 1
1 | | 1 1
1 | | 1 1
N N N\ :
1 | | 1 1
1 1 1 1 1
1 | | 1 1
1 | | 1 1
1 | | 1 1
-20
180 T T T T T
1 1 1 1 1
1 1 1 1
1 1 1 1 1
1 1 1 1 1
Ofp===- f----- -_br‘w S e R R L I EELE 1===== F---- q-=-=
\:\_/ 1 1 1
1 1 1
1 1 1 1
1 1 1 T 1
-135 1 1 1 1 1
0.1 1 10 0.1 1 100.1 1 100.1 1 100.1 1 10
Frequency [rad/s]
(a) (b) (©) (d) (e)
Systeml: Systemd:
0.1s+1 _
u(s) = = uls) | Lo 0 ?
s+ w(t)y=1 29 2 0 |z®)+ | 4
System2: 000 1
§) = u(s
4 s+1
Systemb:
System3: - 0.58 — 1
'y(S) 7 058 + 1“(8)
(s) 28 +1
Yis) — sZ 4025+ 1 System6: )
y(s) = Zuls)

(e) &> A7 LD E R T, A—THK (a),
(e) IZXIGT 5 > A5 4% Systeml 70 & System6 DR in HFEN,



ARAEE WM REERZERE Y 27 HIEHRIEN S LS
BLeliE AfaliE (EfgH +F3F8 H30H)
B M B H (Specialized subjects)
(11/25)

5OERS 2 W EEMRET 2 2. BALDHHICRERAK 1EEZACL. £,
R 2B 7 0 A OREREZH W X,

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

(F 2] REBLERIFEHEINZTED 1 AN HANERAEY 25 L ORI, Zoid
AT ADEWEEEN L 8T 5 - REFEE X



ARAEE WM REERZERE Y 27 HIEHRIEN S LS
BLeliE AfaliE (EfgH +F3F8 H30H)
B M B H (Specialized subjects)
(12/25)

5OERS 2 W EEMRET 2 2. BALDHHICRERAK 1EEZACL. £,
R 2B 7 0 A OREREZH W X,

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

(93] UFoORCHETENEFZELZS. m, 0,027 h2hEH o8/, BFoEX, kro
faERET. AAudTRICEA60ATHL. REEHEZ 200" v 2y, &
SERE D TOMEALET LIZRD X35 A B5.

= Ax+ Bu, y=Czx+ Du,

01 0
A oo N ,O:POLD:O
J4+md? 0 J4+md?

22T, JIERTFIREN B TEHIET A DI BERBEE— X FTHS.

(1) AR ud bWy ~OmEERE RS X.

(2) {ERAB C(s) = k(s +2) TR 2 PDHEREH T ZOfNRF 2 &ET 5
ZeEREZL. T, AT LOMZEEEER{Lz AL TO DTS,

1

§2 —1

—EEEE P(s)C () DF A FAMVRRI DR v F %2R, k>052F 587 4—

Ry P RBREL B AHEE2 F 4 32 F OREHBIELE H VT L.




ARAEE WM REERZERE Y 27 HIEHRIEN S LS
BLeliE AfaliE (EfgH +F3F8 H30H)
B M B H (Specialized subjects)
(13/25)

5OERS 2 W EEMRET 2 2. BALDHHICRERAK 1EEZACL. £,
R 2B 7 0 A OREREZH W X,

Select, 2 fields out of the 5 fields and angwer the questions. Use a set of angwer 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] The following Bode plots (a}, (b), (¢}, {d), (e) depict frequency responses of linear-
time-invariant systems. Choose a corresponding system for (a), (b}, (¢), {d), (e) from
the systems: Systeml1 to System6. Here, v and y represent the input and output of the
systems, respectively. s is the Laplace operator and ¢ is the time.

20

Gain [dB]
()

-20
180

[ T [ S Sy S —

Phase [deg]
<

-135
0.1 10 0.1 10 0.1 1 100.1 100.1 10
Frequency [rad/s]
(a) (b) (c) (D (e)
System]l: System4:
0.1s+1 1 10 0 3
()= u(s)
s+ ety =1 29 2 0 |z(t)+ | 4 | u(?),
0 0 0 1
System2:
f)y=10 0 1 i
l0s 4 0.1 u(t) = | | 2(t)
yls) = —_— 1 uls)
Systemb:
. N ()70.55—1()
ystema: Y(s) — 055 & 1u 8
y(s) = _ 25+l System6:
s2+02s+1 1
uls) = Su(s)
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Select, 2 fields out of the 5 fields and angwer the questions. Use a set of angwer sheets
for each of the fields you selected and use an answer sheet for each question.

[Q2] Consider state space represented systems. Prove that the frequency transfer properties
of any linear-time-invariant, single-input-single-output system coincide with those of its
dual system.
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Select, 2 fields out of the 5 fields and angwer the questions. Use a set of angwer sheets
for each of the fields you selected and use an answer sheet for each question.

[Q3] Consider an inverted pendulum depicted below. m,[,# denote the mass, length, and
angle of the pendulum, respectively. The input w is the force applied on the pivot. By
defining the state as x = |8, E}]T, a linearized model around the upright position is given
by

= Ax+ Bu, y=Czx+ Du,
where
A{T,?M 1},8[ ? },0[1 0], D=0
Tz U Tl
J denotes the moment of inertia of the system to be balanced.

(1) Derive the transfer function from u to y.

(2) We attempt to stabilize the pendulum with a PD controller having the transfer
function C'(s) = k{s + 2). Here, we consider the normalized plant

1
s2—1

Sketch the Nyquist diagram of the loop transfer function F(s)C(s) and explain using
the Nyquist stability criterion why the feedback system is stable with k > 0.5.

Inverted pendulum
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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.

D. [FEf57 (Electromagnetism) 7787 ]
BUT o ( (1], [ 2]) A K. SRR HEER SM IS U HEER S 26
ATBHIL.

[RA1]

O 1@ L5, \PERp, ES t OBRRFEIRICE RS O o O RIS
@.ﬁﬁi&bﬂ\iz}’b“ﬂ\é BN Vo DF fﬁﬁ){ﬁ'ﬁ#% iﬂl@zﬁﬁ ZRE 1 A5 R
—ICIRAVH TV S R HIEREE r OfLELC LEM VB LUERE 2R
.

QIO T LS, )& R UERERFHEICR DR S O¥FE o« O BAER A, B2
HHAEN TN, *@A B DF ui%M%meI@T%D AR D O[] PHEE
I2dTdy»aThsh. BEAOMENSE, BEOFHICER S EEHRICE 10
HTWa., & B oflimizix, BEOYERSER 723 E&%ﬂk J’J WALIA AT

W5, FENRA DG, BB OO HEE T EENT S PSRBT A EM Ve AR
K.
QYT BNT, EiRA, BRIDIEFIRZRD K.
P
d
A B

& 1(a) ] 1(b)
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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] et Lo B FEEROPEMHRFEIEZRIC &N, F ORI
TEE o T—HIIEELTWA. 2770, I»REL, WEHRIERTCEXALTA. =
72, AEOERIEH T2 b0 E TS, BEOBESFEE u, &5,

OFZENFE R LEE D D ICAEE o CTHREES Y7, PEARERRE COFEMBEEE
kOREZIEZRD L.

(MDKEMT,$§H%W%L%$¢é@K%FB®k%é%ﬁ@i

G 22 M5 & [Blfs &t A 72 HI0{T - 7L, mﬁ@ixw% & LTZEEIC
NG, PEMRZEILEENG AEE o CREEXE 457290 z%ﬁiuﬁé@t
DEE W, 2K L.

OHFFZ =0 CHEOFZEEG LIE LS, B t=T THAEERN ol 2 b+ 5.
R BT 2AFEMEZ wt) & L& &, PEARBPBICEAE T LFHEERE DRE
2w w(t) BETdo(t)/dt ZHVTELE.

G EWT, MEREICBITDORA T 4727 ML S,DRESE w(t) BLU
do(t)/dt ZHWTHRE. FEFOMETERD L.

6)5) DIERZHNT, Bt =010 t=T OBRICHFERNICEZ N LB E S Y-
DOTRNF— W, 2R, (3) OFFFE L s 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]

(1)As shown in Fig. 1(a), a circular electrode with radius & and thickness ¢ is embedded in an
infinite plate with electrical resistivity o and thickness #. The electric potential of the electrode
1s kept at 0. An electric current / uniformly flows out from the lateral surface of the electrode
to the surrounding plate in a radial direction. Give the electric potential }” and the electric field
strength £ at a position of radial distance r from the electrode center.

(2)As shown in Fig. 1(b), two circular electrodes A and B are embedded in an infinite plate with
electrical resistivity p and thickness 7. Both electrodes have the same radius ¢ and thickness 7.
The electric potentials of the electrodes A and B are kept at /4 and Ip, respectively. The distance
between the two electrode centers is d (d 3> a). An electric current 7 uniformly flows out from
the lateral surface of the electrode A to the surrounding plate in a radial direction. An electric
current / uniformly flows into the lateral surface of the electrode B from the surrounding plate
in a radial direction. Give the electric potential I'p at the point P, which is located at distance
from the center of the clectrode A and at distance 7 from the center of the electrode B.

(3)In the case of (2), give the electrical resistance /2 between the electrodes A and B.

1 )

Fig. 1(a) Fig. 1(b)
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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]As shown in Fig. 2, a cylindrical shell of length / and radius R is placed in vacuum and charged
uniformly with a surface charge density ¢. Here, [ >> R, so that edge effects can be neglected.
Also, the thickness of the cylindrical shell can be neglected. The permeability of vacuum is .

(1) The cylindrical shell is rotating with an angular velocity wy around its axis. Give the surface
current density value k at the surface of the cylindrical shell.

(2) In the case of (1), give the magnitude of the magnetic flux densities B inside and outside the
cylindrical shell.

(3) The energy stored in the magnetic field is equal to the work done to rotate the cylindrical shell.
Give the work per unit length W, needed to rotate the cylindrical shell at the angular velocity wy.

(4) Assume that the cylindrical shell starts rotating from rest at time ¢ = 0, and it reaches the angular
veloeity wy at time ¢ = T. Give the magnitude of the induced electric field E in the eylindrical
shell using w(t) and dw(t)/dt.

(5) In the case of (4), give the magnitude of the Poynting vector $, at the surface of the cylindrical
shell using w(t) and dw(t)/dt. Also, give the direction of the Poynting vector S,,.

(6) Using the results of (5), give the energy stored per unit length W, of the cylindrical shell between
time t = 0 and t = T, and compare it with the result of problem (3).

wr

>
AN
Rand

\_i_)r /
k

\f

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

E. [EM#RFT 34 Z (Semiconductor device) 57¥F]
BUF o ( (1], (2] ) & A L. BB S #E U ER S 2 AT 5 2
.
[ 1]

—AFR PP BEEZET A BOSifEROBES LD EER L, oo EE Ve
4%, i hoBEETFRELEZFF—RBELE LY. TRORMICE2 1.

() BOPTOBEBEET (B -q, AHEE:m) OMEE o %5 2 5478,

(2) HAEETOFEEBEFR (EEEMERE) 2275 ERRRBICBITSHH
BFOFY 7 MEE Y ZRD L.

3) HHEEFOFU 7 MEE v OREEFHED 7S 7 20T, 75 77T
i3, FU T MEEORNE A y#hlo, MEREORE A x#oRE. 2L, 'R
Vi, —EOETHY, TOREIFBEESER CE L6, Thbh, &t
DEEICEAT H&EACH LD ET 5.

DX, MO SifEROBES LD EERL, BO—FOu (x=0) 76 K —f5id
Z F—Y 27 LT Np(x) = Nyexp(—bx) DIRESTHREZIKTD. 72770, BOEZHRAIC
xEE L5, BOmMmAESL, WmboOBLY 0 &4 5, MaoefEk T, BRETE
B FF—RELE LY, TiRoMIE z L.

(4 TPHrREICBIT S BOPOBEREX)EFE5 25 EFE T, ZoRICHNTLW
ﬁ%m,mna HHEE T, KLY~ Bk ERFE gD ETD.

(5) ZOEDTANF — X FEEHT. o F— - o3 PRI, &
DIE Ey, (nEREDE Ee, 7 x/V3 - THR)AF—ONEEr, B 7 /L3 - 3:3*
X —DNLE F; A fct &
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Select, 2 fields out of the 5 fields and angwer the questions. Use a set of angwer sheets
for each of the fields you selected and use an answer sheet for each question.

[ 2] npn /34 R—F 84 b7 o PR X IZET HLUT ORI

0

T RS oI G A EINICRH S, Fodic, o1 v 2 HElE), S—AE
W(B), = L7 ZEEOEFHRE L. S50, ~AN—REHIERKE L CHW LD
— A« I v HAECHNT AT v FEE V, S—A - a7 ZECHNT 22
7 4 EBIE Ve Dfeth 2, B EER OB GLS 2 D TP

(2) FT TR OIEWREEIZE T 208 FREERT. 30 FRICE, METHOME

Ep, (BEEDIEFEe, ZB2REUANATOD 7 o)V 3 - =35 —0O0ME Er, ¥ LOEIN
AT ADREI(EI v HEEVERBLIRa L7 FEE Voyeiewm T2 L. 7277
L, BRFEZX gLT5.
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Select, 2 fields out of the 5 fields and angwer the questions. Use a set of angwer sheets
for each of the fields you selected and use an answer sheet for each question.
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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] Arod (length: L) of an n-type Si single crystal having a uniform donor concentration is prepared,
and a voltage " is applied between both edges of the rod. The free electron concentration in the
crystal is equal to the donor concentration. Answer the following questions.

(1) Show an equation which gives an acceleration ¢ of a free electron (electric charge: — g, effective
mass: m") in the rod.

(2) The mean free time between carrier collisions of free electrons is 7. Derive an equation for the
drift velocity v of the free electrons in the steady state.

(3) Sketch a graph of the temperature dependence of the drift velocity v. In the graph, show the
logarithm of the drift velocity as the y-axis and the loganthm of absolute temperature as the x-
axis. Here, the voltage V' is a constant value and in the range where carrier mobility can be
defined, i.c., the current proportionally increases with the voltage.

Next, a rod (length: 1) of an intrinsic Si single crystal is prepared, and donor impurities are doped
from an edge (x = 0) of the rod to form a concentration profile of Np(x) = Ny exp(—bx). Here, the
x-axis is along the longitudinal direction of the rod. Both edges of the rod are shorted, and the voltage
between the edges is 0. The free electron concentration is equal to the donor concentration in the
whole region of the crystal. Answer the following questions.

(4) Derive an equation of the electric field Z(x) in the rod in the steady state. Physical quantities
which can be used in the equation are limited to No, b, the absolute temperature 7, Boltzmann
constant %, and the clementary charge g.

(5) Sketch a band diagram for the rod. The energy positions of the top of the valence band Ey, the
bottom of the conduction band ¢, the Fermi level Fr, and the intrinsic Fermi level F; must be
given in the drawing.
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Select, 2 fields out of the 5 fields and angwer the questions. Use a set of angwer sheets
for each of the fields you selected and use an answer sheet for each question.

[Q2] Answer the following questions about a npn bipolar junction transistor.

(1) Draw a cross section of the transistor schematically, and indicate the emitter (E), base (B), and
collector regions (C) in the drawing. In addition, when the transistor is used in the common
base circuit, show the polarity of the bias voltages I'r and J'c between the base and emitter and
between the base and collector, respectively, in the drawing by using the circuit symbols of DC
(direct current) voltage sources.

(2) Sketch a band diagram of the transistor under the normal active condition. Show the energy
positions of the top of the valence band Ey, the bottom of the conduction band E¢, the Fermi
level K outside of the depletion layer, and the applied biases (emitter voltage Iz and collector
voltage V'c) in the drawing. The elementary charge is represented as g.

(3) An emitter voltage of J'z is applied. Derive an equation for the concentration of free electrons
1p(0) at the base-side edge of the depletion region between the base and emitter and that for the
concentration of holes pa(0) at the emitter-side edge of the depletion region. Physical quantities
which can be used in the equations are limited to the impurity concentration in the base region
Npg, the impurity concentration in the emitter region Ng, the intrinsic carrier concentration 7,
Boltzmann constant &, the absolute temperature 7, the elementary charge g, and the emitter
voltage V.

(4) The width of the emitter region 1s xg, and that of the base region i1s xp. Concentration profiles of
minority carriers in the respective regions are shown in the figure below and given by the

following equations.
Py (%)

Emitter Base Collector

Depletion region
Depletion region

<
=

X xg Xp x
Emitter region: p,{(x) = p,(0) (1 — xi)
E

Base region: n,(x) = n,(0) (1 - xi)

Derive equations for the hole current density Jpr at the emitter-side edge (x = 0) of the
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Select, 2 fields out of the 5 fields and angwer the questions. Use a set of angwer sheets
for each of the fields you selected and use an answer sheet for each question.

depletion layer between the base and emitter and electron current density Jaz at the base-side
edge (x = 0) of this depletion. Here, the direction of current from the emitter to the base is
positive, and diffusion constants of holes and free electrons are Dp and Dy, respectively. In the
answer, do not use #,(0) or p,(0), and substitute the results of question (3).

InE

(5) The emitter injection efficiency v is defined as the following equation, y =T
pETInE

Derive an equation for v using the results in the previous question (4), and show two approaches

to increase v.
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