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B 5 (Mathematics)
(6 s 1

fiftZ: . OTEE (Instructions):

1. BRI, (R0 ] OAKNH 2 F TRV TR SR,

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

2. RHREFIRUIFENA 40 6 K, MEREUL3 K-S0 (1 9B~ % 1K) Th 5.
You are given 6 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 OMESR - HiE D 1 A
BIRL, Bt 3 W OWTHIE T2 Z &, BATESIEICHEARZINCT 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 - #5F55r  Analysis and calculus
N7 N VIRAT Vector analysis
e - etk Probability and statistics

S| O W

Wi =

4. FRERROEEIC, HhL, ZTRESBIOCRAZTATDHZ L. 3BHOFERMKIZONT
I, EIRLInEEs B Fidd 2OTHI»Z &.
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. REIIMERMICTATH 2 &, A=AV RWEEITEmZ W THE RV, £
e, BEIHERHD Z LW 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.
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5 (Mathematics)

(6 K> 2)
Sy AR\ RS R A BT A 2 L.

Use a separate answer sheet for each field.

1. [#JBA3L (Linear algebra) 57 %7]

n X n FER]PITHN A = [aij]nxn € RVMITK LT, ADHBEFE a;; 25 a5 € {0,1} (1 <14,5 <n)
moa; =0 (1<i<n) Zhilcd&T5. AITHLT, D=0 0 an)lxn EERTD.
272U 0E, 1<i,j<nliZXLT, i=jDL&d;=1, £HITRNEEH,; =01CL>T
EFRSND. &I, L=D—-ALEXRTD. UTOFMNMIEZ L.

(1) UFD AICKI LT, L=D— A%k L.

O = = O
O = O =
O O = =
o O O O

(2) (1) Tkod7= L OFAEE 4 TR L.
(3) (2) TR L O EAMEIST 5 A 220 2K K.
(4) —MRIC LITEAE 0 ZR/>Z & 2Rt

For an n x n real symmetric matrix A = [a;;]nxn € R™*", suppose that each element a;; of A
satisfies that a;; € {0,1} (1 < 4,5 <n)anda; =0 (1 <i <n). Define D = [0;;(D_7_; @ir)]nxn
for A, where ¢;; is defined by d;; = 1 if ¢ = j and d;; = 0 otherwise for 1 < 7,5 < n.

Furthermore, define L = D — A. Answer the following questions.

(1) For the following matrix A, find L = D — A.

O = = O

1
0
1
0

S O ==
o O O O

(2) Find all eigenvalues of L obtained in (1).
(3) Find the eigenspace for each eigenvalue of L obtained in (2).

(4) Prove that L has an eigenvalue 0 in general.
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Use a separate answer sheet for each field.

2. M5 - #0FE5) (Analysis and calculus) 47 57]

(1) R EOR% f(2) = cosz D k BEERISZ f0)(2) TET. 72720, RIZFEESEKROELT
b5, LTOFMONZEZ K.

(a) ZTD k> 11220 T fR(0) 2k k.
(b) f(z) DIFSEAY TOT A 7 —#hdk %

o0

E akxk

k=0
ETHLE, BTOE>0ICHET D ap 2RO K.
(c) ZBTCDz e RIZHONT

o0
D lai']
k=0

DR 5 2 & st

(2) RO FTRRO—ffiFzRD L. 72k, oy 138 y(x) Dz IZBT 5 1 EEEKEERL
TW5.

y//// _ 2y/// _ y// _ 43/, + 12y =0

@)%@ﬁcmmokﬁﬁﬁﬁfh L emsk k. BEL, CEA =1 1> 0

cz2(z2=1)
Dr#£l1ET5H.
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(6 KeHr > 4)
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Use a separate answer sheet for each field.

(1) Let f®(x) denote the kth order derivative of the function f(z) = cosz over R, where

R denotes the set of all real numbers. Answer the following questions.

(a) Find f*)(0) for all £ > 1.
(b) Let

[e.e]
E akxk
k=0

be the Taylor expansion of f(z) around the origin. Find a; for all £ > 0.
(c) Prove that

00
D law']
k=0

converges for all z € R.

(2) Find the general solution to the following differential equation. Here, 3 denotes the

derivative of first order with respect to = for a function y(x).

/11

y" =2y — " — 4y + 12y = 0.

(3) Calculate the complex integral 7{ dz, where the closed contour C'is given by

cz(z2-1)
a circle |z| =7, 7> 0, and r # 1.
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Use a separate answer sheet for each field.

3. [~7 FAEHT (Vector analysis) 5357 ]
BEAJERERIZEBWT, o, v, zEFMOBNRY MV EZENER, §, kETDH. T FL
B F%F=yi—xj+z2k 95, WOKRIZEZ L.

(1) CHP+y*=4,2=0TERINDIMELTDH. KRITRT CL BELRCy IR T8
Jo, Fdr 85XV [ Fdr X0 X
(a) Cp: C E&MA(L,V3,0) 705 S B(—v3,1,0) £ TREFFHRI D (Zfh O #hif
(b) Cy: C EZAAL,V3,0) 25 s B(—/3,1,0) £ THEFHEI Y (21817 5 BhfR

(2) S HERT 22 + 2 + 22 = 4 (0 < 2) & Ffi 2 = 0 CHRE NI BROBR LT 5. WS
[,V x F-dS &Rk . SAREERSY Mz AnE,

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

respectively. Let F' be the vector field F' = yi — xj + zk. Answer the following questions.

(1) Let C be defined by the circle #* +y* = 4,z = 0. Find the line integrals [, F - dr and
/. o, F' - dr, where Cy and C5 are defined as follows.

(a) Cy: the curve along C' from point A(1,4/3,0) to point B(—v/3,1,0) in the counter-
clockwise direction.

(b) Cs: the curve along C' from point A(1,+/3,0) to point B(—+/3, 1,0) in the clockwise

direction.

(2) Let S be the boundary of the region enclosed by the hemisphere 22 +y%+2% = 4 (0 < 2)
and the plane z = 0. Find the surface integral |, ¢ VX F-dS. Use the outward pointing

normal vector.
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Use a separate answer sheet for each field.

4.

[ - HEit (Probability and statistics) 73]
FOFIZSDa Ay (A 1~a(r5) Bbd. Frb k7 Zhlaf vz 1K
BAUTMENRTH2HITEBZ 2D, I2EL, TNEND A 2 i ORI DR p; ITIROE
NTH5.
p1=0,pp=1/4, p3=1/2, py=3/4, ps =1
RNPMDFEZEH EL, a4 i NBIINDIFRE C, T 5.

(1) BAEaA 2 1 BT ETDH. KPHDMERp(H) ZE R K.

(2) AT AL L H 1T ZARBHIE LT 5. S &MEp(C | H)Ei=1,...,5
IZDOWNWTENEILRD L.

(3) BAL AA L% 2T D LT 5. ST EHeRp(Hy | H)ZRD K. 72720 Hy 1% 18]
HIZRDBHLFELTHY, j=1,2Th%.

(4) BATZL AL v % ARBEF L LT 5. p(C | B)%ki=1,.... 5000 TENEIRD L.
72720 Byl Z AR BIZHID TR/ A FREZRKT.

A box contains 5 coins (coin 1, ..., coin 5). Consider a trial in which we select a coin uniformly
at random, and toss it for a certain number of times. Let p; denote the probability of getting

a head on each coin ¢, and they are given as follows:
p1=0,pp=1/4, p3=1/2, p1=3/4, ps =1

Let H denote the event that a head shows up, and let C; denote the event that coin ¢ is

selected.

(1) Select a coin and toss it once. Find the probability of getting a head p(H).

(2) Suppose a head was obtained after tossing the selected coin once. Find the conditional
probability p(C; | H) for each i = 1,... 5.

(3) Suppose we toss the selected coin twice. Find the conditional probability p(Hs | Hy).
Here H; (j = 1,2) means that a head is obtained on the j-th toss.

(4) Suppose we toss the selected coin four times. Find p(C; | By) for each i = 1,...,5. Here
B, means that the first head is obtained on the fourth toss.
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B 5 Bl H (Specialized subjects)
(1/27)

fift 2 1 O E (Instructions):

1. M, [4hD] OaM»REH 5 E TRV TIER B0,
Do not open this cover sheet until the start of examination is announced.

2. MEMAMIIREEZ SO 27 8, AL KOS 28 (1 AFICoX 1) ThH 5.
You are given 27 problem sheets including this cover sheet, and 2 sets of 3 answer sheets (1 set for each
field).

3. UTOS558)NG 2 0l alORET 52 & AT 2o X 1H, K170 1
B+ 252 L. 1TRICKRR 2 UL EOMRE Z2EZE N TR LR,
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

578 field page
A | BRI Circuit theory 2
B | EFIFE Electronic circuits 6
C | #lET4 Control engineering 10
D | EMRF Electromagnetism 15
E | EIRT A R Semiconductor device 20

4. FREMROEIIC, BROBA, XBRES, RABIUMESR S ZRATL 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. FEEIIMERMICREAT A2 L. A=A 2WIGAIFERZ AV CH RV, 04
%, BEIRERHL Z AW THZ 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. MREIL, BAGE, FEEOWTHNTRRATLI L.

Your answers must be written in Japanese or English.
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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.

A. [EXFIF (Circuit theory) 53]

WOEN (1] ~ [4)) 25 38, MR RO REEE I fiEE Uz
FERATDH I L.

(A1) K1oMEEICOWT, UTFOBWIEZ
& foCL, Z=R1+JX2, l]1|=|[2|=|13|f
HYH, BEFHEOHMMIQTH 3.

(].) al‘gZzn/Go)t?, E, I, Il) 12, 130)
AR E RS 7 = — B E, B Y I
DR arg (_fg—) Bk k.

(2) Ro=X,=2[Q), E=4[V]DX %, |I|
DfEZRD K.

(2] M2MEEKIZONWT, UFOBWIZEZ
. 27U, L, Ly, L, L,ZHCA ¥ &7 %
YA, MEMHEA X722 R, BIRELE®
IR E w T 5.

(1) B2(a) DEIFEHE 2(b) EFHTH 5 & %,
L(), L], LQ%L, A[ %mlﬂfi‘%.

(2) EILRICHENAER I Z L, M, R, w,
E ZHWTHRE.
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(3/27)
508N 20 A ROMET L L. AL DBHEICHEERK 1 2HWE. £/,
KiE—2H 70 — K OfE K ZE W 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.

(RA3) KI3(a) &S, Zi, Zo, Zs, Z1a DA ¥
=X Y RA%23b D VL YRMPER - ERKE
b0 IR THAHE A(1-1 ST L 2-2' BFA) 235
P J'X—FODFDE]L\c\‘:%'A;.J:. 7:7‘:‘]./, Z1, Z-z, Zg, 212
BN R UL EZ RS, oo EGDETE
(ZATHNZ ¥ 7 R 2 & > 2475 (Y F751) Y 1&

i\ I Ly i
(i )-2(5)-(5)-(%)
DEICENENERIND LT 5.

(1) ¥F3 & 3 ZBML, im0 (1-3 5r
xte 2-30RFx) 2, Y78 Yy %2 b2 ¥
FREOFEMMEFE L R L. ZOLED
Yo zdb k.

(2) “IHTHHEAD ZTH 2,4 Bk . D
THIUL, B 3(b) IRT oD T
DY 75, ZIFIE VTS B,

(4] K4DEEKICOWT, UTFOMWCEZ X, 7=
7L, e(t) =25sin3t [V], R=025[Q], C =1 [F], =0

R
g0)=4[Cl e L, BAlt=0TALvFSEHL 3 / e
L5 3. 5 a(1)
(1) 24 95 S EBILREROBHRI(0) 2 ko k. 2 O ¢ T i
7, [EIEDSERIREICE L OB () K
» k.

4 4
(2) t>0XBI2ERi(t) ZRD XK.
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K —2H 720 — K OfE F#E Vv 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.

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 Z = Ry + jX», |L1| = || = |I3], and

the values of elements are €2 in unit. Answer ]
the following questions. —
(=] q 1l 1 121
(1) Draw a phasor diagram representing the
EIR) = R
phase relation of E, I, I, I, I3, when 1
arg Z = mw/6. Also find the phase dif-
I
ference of arg )
Fig. 1

(2) Find the value of ||, when Ry = X, =
2 [Q) and E =4 [V].

[Q2] Consider the circuit shown in Fig. 2,
where L, Lo, L; and L, represent the self-
inductances, M represents the mutual induc-
tance and the source voltage E has the angular

frequency w. Answer the following questions.

(1) When the ciruit shown in Fig. 2(a) is
equivalent to the circuit shown in Fig. 2(b),
express the inductances Ly, L, and Lo us-
ing L and M.

(2) Express the current I through the resis-
tance R using L, M, R, w and FE.
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570 2B ERORET HZ L. BALESERBICHRENMR 12k, £z,
RM—2H 720 — K OBE A AE Vv 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.

[(Q3] Consider the two-port network A (port 1-
1" and port 2-27) with a network of overlapping V-
type and Y-type circuits with Z;, Z5, Z3, and Zs
in impedance, as shown in Fig. 3(a). Answer the
following questions. Here, Z1, Z, Z3, and Z;5 have
the values shown in the figure, and for the voltages
and currents Vi, V5, I, I5 on the left and right of a
two-port network, the impedance matrix (Z-matrix)
Z and admittance matrix (Y-matrix) Y are defined
as follows, respectively.

(W)=2(%)(n)=¥(i)

(1) When terminals 3 and 3’ are added, the two-

port network (port 1-3" and port 2-3) is con-
sidered as an equivalent circuit with Y-matrix
Yvy. Find Yy.

(2) Find the Z-matrix Z4 of the two-port net-
work A. If necessary, it can be referred the

Y-matrix and Z-matrix of the two-port net-
works in Fig. 3(b).

[Q4) Consider the circuit shown in Fig. 4, where

e(t) = 25sin3t [V], R=0.25[Q], C =1 [F], ¢(0) = =0 R
4 [C] and the switch S is closed at t = 0 . Answer [\o—:—
the following questions. S q(t)
t Li¢
(1) Find the current i(0) just after the switch S is 4% )] C l @
closed. Also find the current i(¢) when steady

state is reached.
Fig. 4
(2) Find the current i(t) for ¢ > 0.
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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.

B. [&E[al# (Electronic circuits) 53 %]
woLy (1], [R2]) 12&x k. ERRORER S L L-MEE %
RLATHZ L.

[(F11] K1 (@), W ITRTEEEICBNT, ANEEV: DT 77 AEWEV(s), HHEEV,
DTT5AEWEV,(5)eTHEE, ROMWICEZ L. 72770, EERMESRIIEEAHNT
HHETH.

(1) K1 (@) TR T BIEEOIRERE Gis)=Vo(s)/ Vi(s)Z KD L.

(2) X1 ) IZRTEIEEOEERE Gis)=Vo(s)/ Vi(s)Z#EE, EHEEENE Gjo)
IZOWTEERER X ONAR DR — T HRIX OB % H#i ).

=

(a) (b)
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K —2H 720 — K OfE F#E Vv 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.

[R12] X 2IZRTLCEZKERIREHZIDOWT, ROMWZIEZ L. 72770, HEARIESXE
M ThHD LT 5.

(1) HbEmEIEs (ADES) OBEEFTT Ga 23K K.

(2) RLCIEIE (BO#s) OBERF REE) Gs iRk L.

(3) LCEEZERIRGONL—TFIG T 2RO L. HL, T=Ga G TH 5.
(4) FEIRDEFIREBIZ & 5 R DIEU A JE B & g Sl 25K oD XK.

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 question.

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

[Q1] In the circuits shown in Fig. 1 (a) and (b), the Laplace transform of the input voltage V;is Vi (s),

and the Laplace transform of the output voltage V, is V, (s). Answer the following questions. The
operational amplifiers are assumed to be ideal.

(1) Derive the transfer function G(s) = V, (s) / Vi(s) for the circuit shown in Fig. 1 (a).

(2) Derive the transfer function G(s) = Vs (s) / Vi(s) for the circuit shown in Fig. 1 (b), and sketch

the asymptotic Bode plots of the voltage gain and the phase for the frequency transfer function

G(jw).

() (b)

Fig. 1
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55800 20 A ROMET L2 L. BAE SBEICHEERRK 1 82HVX. £7-,
K —2H 720 — K OfE F#E Vv 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 amplifiers are assumed to be ideal.

(1) Derive the voltage gain Ga of the amplifier circuit (part A).
(2) Derive the voltage gain (attenuation rate) Gp of the RLC network (part B).
(3) Derive the loop gain T of the LC sinusoidal oscillator, where 7= Ga Gg .

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

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.

C. [#lf#l % (Control engineering) 737 ]
woss [RI1] ~ [M3] I2&F A K. MEMMORES S iEE U EE S 2 AT
HT k.

(1]
(5 v(t),i1(t),ia(t),i3(t), qz(t) DENTLLF DBIRADK D Lo T 3.

o(t) = Lir (1) + Rin(t)

Jallll

Riy(t) = %(13(”

L';(t) = %(13“)

i1 (t) = ia(t) + ia(t)

772U, R,L,CZEDHRLEZ & 2EHTHY, t 3RZIZELT. LITOMICEZ L. R
FRHGERZ I TRLOBPREADILE T Z L.

1. 1) XHPDOREFIE, HE2PRATLHDESTHDLT5. kL, TOZRTLD
ANZFo(t) €32, TOZRT LADBEY)RIKERS bLa(t) ZERLTRL, 56
WKIZDYRAT LDRESABRRERE. 270, i) X2 X7 LT 5.

2. 1. TROLREAFBRATREND AT ARAHIEHIE»ZEZ L. ATHIEED
R,L,C DIEIZHAFT 23581, AT 00l 7227291 R, L, C /=3
SRV RFERE.

3. 1) XHPDBEFX, HEIPRATLHDEETHELT5. EL, TOZRTLD
ANhehixehzh o), ii(t) €55, TOYRTL%, 1. TRDOKEHENX
¥, i(t) BHAO T AHAOABRRLICE o TERY. 2O A7 2 308H» B %
BHA X, AIBAINES R, L, C DIEICHKAF T 2581F, AT L0825 7201
R,L,C Dlilz 3 R ERLBEA D&M 2 RE.

4. (1) XHPOREEIX, HE2RATLHDESTHS L T5. 2L, TOZRATLD
ANehdzhzhou(t), is(t) €35, ZOYRAT L%, 1. TROKREHFER
v, is(t) ZHA I 23HNABERLICE-oTRT. ZOTRTFAZABAILEI%
BHR K. ATBIAMED R, L, C DIEICHAF T 2581%, AT X008l 572012
R, L,C D3iilz 3R ERQREA &M% RE.
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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.

[[52]
RDEDIWIREEBBRHAXNE AT LEZERS.

(%:1:(1‘) - [ —2 —i ] z(t) + [ (1) ] ) W)= [ . ]I(t)' =(0) =0

ZZTa(t) IZRERZ b v, y(t) B RTLDHN, ult) 3T ATLDAN, tIdFRZ%
#£7.

1. z(t), y(t), u(t) DXITEEZ XK.

2. TOTRATLADAND ST ETOEERM»ZRD X.

3. 2. TRDFAREBBOE T 0 58U EHE XK.

4. ZOT AT LFHNDHET

d =

1
Ez(t) = Az(t) + l

: ] u(t), y(t) = { 2 1 ]Z(f)

YEBXNS. ZZTARNATHITHS. ADEZOHEERD k.
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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.

[F3]
ROFNENREEZZ 5.
y(s) = P(s) (u(s) +d(s))
T 2T y(s) MG, w(s) XIRIERE, d(s) I3AMEL, P(s) IZMRIERA & IR £ TOEE
B, s1&7 7SI REMTHS. HIHROMRIIATE T 3.

u(s) = F(s)r(s) —w(s)
w(s) = M(s)u(s) + N(s)y(s)

ZZTr(s) XA, F(s), M(s) BXU N(s) ZRERAERMHEROEMKTH 5.
1. ZofiliRo7a v 7 R%EHT.
2. ZOMIERE LT D & 5 (CF MR HIERICEH SRR 7.
y(s) = P(s) (u(s) +d(s))
u(s) = C(s)(F(s)r(s) — 2(s))
z(s) = N(s)y(s)
A (1) RERIN TV EEBEE —DLLEHWT O(s) ZRE.
3. F(s), M(s), N(s) B&U P(s) 3 RDIZEME L T 5.

(1)

(
(

m n 1
s+a’ N('S)_s—}—n" P(s)—; (2)

ZZTf, mnBEL a3FEEBTHS. y(s)/r(s) =10/(s+ 10) &% 3 m, n,
fZED XK.

4 R (2) THEEXNS F(s), N(s), M(s) BXU P(s) HtL, y(s)/r(s) = 10/(s+10)
D, POARERB y(s)/d(s) BERANAFRMNLEITIZ S 7D a A7z TR
EREDERFZRE.

F(s)=f, M(s)=
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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] [Q3] ) and write the number of the selected
question on the answer sheet.

[Q1]
The following relationships hold among signals v(t),1(t), i2(t),i3(t) and ¢3(t):

off) = LS50+ Ris (),

dt
Ris(t) = %qs(t), (1)
L;(t) = %%(f)

i] (f) = lz(f) + i;g(t),
where R, L and C are constants that take positive and finite values, and ¢ denotes the
time. Answer the following questions. In each answer, give not only the conclusion but

also the process leading to the conclusion.

1. Suppose that the signals in equation (1) are signals in a system and that the system’s
input is v(t). Define and show an appropriate state vector x(t) of the system and
give the state equation of the system. Here, assume that x(t) is a 2-dimensional

vector.

2. Answer whether the system expressed by the state equation that you found in 1.
is controllable or not. If the controllability depends on the values of R, L and C,
show the necessary and sufficient conditions that R, L and C must satisfy for the

system to be controllable.

3. Suppose that the signals in equation (1) are signals in a system and that the system’s
input and output are v(t) and i, (t), respectively. We express the system by the
state equation that you found in 1. and an output equation for the output ().
Answer whether the system is observable or not. If the observability depends on
the values of R, L and C', show the necessary and sufficient conditions that R, L

and C' must satisfy for the system to be observable.

4. Suppose that the signals in equation (1) are signals in a system and that the system’s
input and output are v(t) and i3(t), respectively. We express the system by the
state equation that you found in 1. and an output equation for the output is(t).
Answer whether the system is observable or not. If the observability depends on
the values of R, L and C, show the necessary and sufficient conditions that R, L

and C' must satisfy for the system to be observable.
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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 the state space representation of a system given by

%‘F(t) - [ _2 _i ]“'(t) + l (1) ] u(t), y(t) = { 7 3 ].z:(t). 2(0) =0,

where z(t), y(t), u(t) are the state vector, the output of the system and the input of the
system, respectively. The symbol ¢ denotes the time.
1. Answer the dimensions of z(t), y(t) and w(t).

2. Determine the transfer function from the input of the system to the output of the

system.
3. Expand the transfer function that you determined in 2. to partial fractions.

4. The system is represented in another form
d ~ 1
az(t) = Az(t) + u(t), y(t) = [ 2 1 ] 2(t),

where A is a diagonal matrix. Answer the value of each element of A.
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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.

[Q3]

Consider a plant given by

y(s) = P(s) (u(s) +d(s))

where y(s) is the controlled valuable, u(s) is the manipulating variable, d(s) is the dis-
turbance, P(s) is the transfer function from the manipulating valuable to the controlled

variable, and s is the Laplace variable. The control system is synthesized as follows:

u(s) = F(9)7(5) —w(s),
w(s) = M(s)u(s) + N(s)y(s),

where r(s) is the reference, F(s), M(s) and N(s) are the transfer functions of the linear

(1)

time-invariant compensating elements.
1. Draw a block diagram of the control system.

2. The representation of the control system can be transformed equivalently to the

following form:

y(s) = P(s) (u(s) +d(s)),
u(s) = C(s)(F(s)r(s) — z(s)),
s)1

Represent C(s) using one or more transfer functions defined in equation (1).
3. The elements F(s), M(s), N(s) and P(s) are determined as follows:

m N(s) = n . p(s)zl, (2)

s+a’ 8+ s

F(s)=f, M(s)=

where f, m, n and « are appropriate real constants. Determine m, n and f so that

y(s)/r(s) = 10/(s + 10).

4. Show the necessary and sufficient condition for a so that y(s)/r(s) = 10/(s + 10)
and that y(s)/d(s) is bounded-input bounded-output stable, for F(s), M(s), N(s)
and P(s) defined by equation (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.

D. [EfE5 (Electromagnetism) 77 ¥7]

DT ([1], [M2]) &z k. MERROMERE SIS U-EE
FERREANTHI L.

[[F11] 3R ¢ OFER1 EFEE &, OFEMR2 THRIZINTWHLEMEEZZ S,
BB L LHER 2 LEKIOLYICHELTEY, ToPIHEBEROERDICTLND
¥ a OERERNEPN TS, BIRERICIZERN Q #5527, ZORICELT, LU
ToOMWIEZ L.

(1) EEROPLNOOWEE r T 5L, r>a TORMIE V=" 0DBTELLR
B. L, k IZERTHD. HYAOEREZANT k 2R L.

(2) ROWBEARERD L.

(3) EEBNFHEE 1 L TOHH LOLEMZRD &

(4) ROFFBTFLF—Z KD L.

X 1
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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] K2icRmd Ko7, EEHV, OEM, HLR, YLV /A FaA unEsNzs#
SNTEBEARBEZERICEINTEY, RS/ A THNSD., YL /A4 Fafloks, F
£, BN ESUTZOESHIIENENL a, nTHDH. 72720, I>»al L, mhEIX
MR CTEX D LT 5. BZEOBBRIT y T 5.

(D K2 (@ 7T L9118, AL yFRmPIZORBPI, —EEBMPENLTWDHLEEIC
DNWTHEZRD. YL /A RaAVHNOBKREEDRKE I 2R L.

Q) YV A RaANVOHCA Y H I X AERD K.

B) BEAl t = 0T AA v T E2UW TP S QICUI VR 2 72%, RBIKIZI(t) = Ie Pt (t=0) D
wRATENTZ (2 D). YL /A RaAf VCRATHIHERE N2t 0% L
THRYE. £ p 2RO L.

4) Q)DHEITBNT, YL /A FaAfA rNIZRETLERE, YL /A4 RaAfLof
Ol B O FREE r & REfE] ¢ OB E L TRY.

(B) B)DBFEHITBNWT, YL /A Raf VORI SDOFEREr=alZBITARA T
A4 TR MVORE SR t OB E L THRE., FoxomE 2Rk L.

6) B) DBWAITIHBNT, WISV L A Raf AnbipHT sz gL ¥ —%
i e 0% E LTHRE. 72, BAlt=001bt=0 OFICY L /A RaA nbiiH
LI R —0DFERD, TN EZCHEHE N EZ K.

I T % 1 E

(a) (b)

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 question.

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

[Q1] A space is filled with a dielectric 1 and a dielectric 2. The permittivity of the dielectric
1 is &; and the permittivity of the dielectric 2 is &, . They are contacted as shown in Fig. 1, and
a conducting sphere of radius a is set as its center is on the contacting plane. The conducting
sphere has charge Q. Answer the following questions regarding this system.

. e K . :
(1) Forr > a, the electrostatic potential is given as V = ~ where r is the distance from the

center of the conducting sphere and k is a constant. Find k using the Gauss’s law.
(2) Find the capacitance of the system.

(3) Find the total charge on the surface of the conducting sphere, contacting with the dielectric
1.

(4) Find the electrostatic energy of the system.

N~

N\
N

Fig. 1
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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 series circuit consisting of a battery of electromotive force V,, a
resistor of resistance R, and a solenoid coil, is placed in a vacuum, and an electric current flows
through the circuit. The length, radius, and number of turns per unit length of the solenoid coil
are [, a, and n, respectively. Here, [ >> a, so that edge effects are negligible. The permeability of
vacuum is yg.

(1) Consider the case shown in Fig. 2(a) where the switch is connected to terminal P, and a
constant current flows through the circuit. Find the magnitude of the magnetic flux density
inside the solenoid coil.

(2) Find the self-inductance of the solenoid coil.

(3) After the switch is moved from terminal P to terminal Q at time t = 0, a current I(t) =
Iye Pt (t = 0) flows through the circuit (Fig. 2(b)). Show the induced electromotive force
in the solenoid coil as a function of time t. Also, find £5.

(4) In the case of (3), show the electric field inside the solenoid coil as functions of time t and
of distance r from the central axis of the solenoid coil.

(5) In the case of (3), show the magnitude of the Poynting vector as a function of time ¢ at the
distance r = a from the central axis of the solenoid coil. Also, find the direction of the
Poynting vector.

(6) In the case of (3), show the energy flowing out of the solenoid coil per unit time as a
function of time t. Also, find the total energy flowing out of the solenoid coil between time
t = 0 and t = oo, and describe where the energy is consumed.

(a) (b)

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. [¥E{KFT 34 X (Semiconductor device) 57 7]
RO ([RI1] (2] (282 K. MERRKOMEE S ME LcEE S %5
ATHZ L.

[([11] 777288 NOp BIEIE L, RF—88E Np D n BRI & 72 5 pn B2 A & A A —
FIZBT 2 TRloRMICEZ L. 2L, EXFEEL q, EMEXF YV VYEEZ L T5.

(1) FERRRB(OSA 7 REE V=0)C381T 5 p BERF O B HEFEEL ny 36 L O n BEE R
OBAMBETEYE n.1X, KX THZOLNS.
Nyo = Ncexp (— —ECpk_TEFp), = Ncexp ( —C"RTEF ”)
ZZC, NolMBEHOHNIRIEEE, Eqp, Ecold p B X O n BIEORE T DK, Epp,
Ep 3 p BB X O nBGEE DO 7 =)L 2 « TR VX —DNE, kIZRLY~ @8, Tixkext
RETHD. ZEHOTHEREMN Ve 28 ML, N No, mi, k, T, g xHHWTERYE.

(2) WA T RARBE(SA T AEE: Vo) D3 Rz, S FERISIE, p AaEZ /2, n /Y
i AN &, B DIE Eyy, En, [mEFFOIK Egy, ECm 7:1:/1/‘ * TR F—D
NLIE Erp, Epn, FUNASA T A Vi, pniE OYLHGENL Ve it#i s 5 2 L. S HIZ, p AUGEL
B RO n WD ZEZ @SR ONLE — xp, x, RS X. 72720, pnﬁé\ﬁﬁ@{ﬁ%%x—ok
X

(3) WA T AARRE(NA T AEE: VIZHIT 2 pn G DZLEZIEN (-x,=x=x,) T T HR
TV UHRRERL, INEMROTEZENOER E)E 5425k &, 2L, P
ROFERE e L K.

(4) pZAENE L n BAEIOBERIL, x=0 THT DI LICEBLT, x & xn Dbk, Nik No%k
HWTRE.
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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.

(5) pnEERITHH I NAA T ZAEHM UL & &, EZ/ERIL11.0um & 720, #E6F w6 p A4
DZEZ JEial, n RO 22Z JETEOMEIE, £ 10.0 um, 1.0 um THholz. 727201, nUH
WD R —%E NpliE 2.0x102' m>, BEiESx v U VEEIL 1.5x10°m? TH 5.

O pAHAOHFPEREIRIC IS D HHE EE 2RO L.
@ nMEKO R —FBEIX—-EDOFEE, pAEKOT 7S X EEE 1.0x10°m> ITEx -, =

O pn AW T MELEEZHML, BARE» S n AUl D ZEZ EiEk OmE % 2.0 um (2 L7-.
ZoLED pAlOZEZ EIEKOIE 2 KD 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.

[[H 2] &@-BRfbii- s i 2 B OB R H b7 > P2 % (MOSFET) ([ZB4 % DL T %R
&z L. AL, F— FMREOAFREEIIEEAROAFREE EE L, BILREPICERIIFEDT
T, BRI & CPEROREIZITREEN N2 WS D LT 5. T2V — RAEMmES L OEER IR
L, FuA @RI/ WEEEZHIML TS D LT 5.

BB — N b L RUN SER7— b b HAR
//EC
E I Ee
Ey
qVs /-[;¢s
EFM ————————— EFS E.,  —e— ffmmssmsmmmmE
E, FM
/I 1
0 W 2 X
B1. Vg=0VIiZHIT D RIX. 2. Vg>0v (83/Hn) (ZBIT D3 RIX.

() H1iE7— NEREV; 25 0V ORFOER-IEUIE-E8RED NS R TH D, Epyl3eE D
7 x )V UL, Eps, Ep, EpIZENZENEEERO T 2L I LAYV, R T, lE T
W& S, 2 MOSFET |d pF ¥ AV FET 7> n 5+ # )L FET & 2 L.

2) HM2IFLEVEEERMWOIEDS — NEEZMZ THNIRIEZLEDONN R THDH. &
REREq, VEIKROFHER e, 77T XEEEN,, FEERTFOEMEGEL, M2DX
NN D DR x &35, PEROEZ I OBNICET LR 7 Y o HREAIILLTO
X2t 5.

d*¢ _qN,
dx? &

X2 DL EHEROREENMNEZGs(>0), ZZREOELEZWE LizE X, Whesa HNT
.
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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) HMHEREYST7- Y OBRLEOFEREE Coy, BALHMEYTZY DEZEBOHERELCy T
5. Cp=eg/WRDT, ColdVoDBME DN, ZNEFHNEEER I &2l L,
Cp/Cox =m (%) &3 5. PNERMERIZBWT, Ve b TCAV 2T nswiz L &,
R DORMEEALNAP T TN U= &5 5. ApgZAV; EmZE IV THRE.

(4) FRFEIRICIVNT, R LA B ITexp (q(ps/kT)GZH:WH‘%S LOETSH. kALY~
EH, TITHHRECTHDH. 7 — NEIEDPAV, CEEEROREEMN D APs) 2Lz XD,
log(Ip) DAt &EAlog(Ip) %, AVgEtmAZHWTEE. (B L, loglk® Hxt%, IniXHARMEE L,
log(Ip) = In(Ip)/In(10)Z VT H L.

(5) IpZ—HHEMSEDLDIZUERAV,DOREIZY T ALy a/L MEH S (Videcade) & I'E5.
AIRI@DOFERZHNT S Zq, k, T, mEHAWTHRL, S OH/MENRIN(0)KT/qTHZ 6N
H L ERE.

(6) In(10) kT /qIEL=iR THI 60 mV/decade TH Y, S NI OEITIESIEE, M T VA X OEIE
BELXTFTTHIENTES. S EE/AMEICEST 5121, BB OEL Kk O IEOFHER
EEOX T uE vy, 8K F—7BE2 o X i v, &), 3),
BLOG)ESEIZLT, FhENEAZ 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 a pn junction diode, composed of p-type region with
an acceptor concentration N, and n-type region with a donor concentration Np. Here, the elementary charge
is ¢, and the intrinsic carrier concentration is #;.

(1) The free electron concentration in a p-type semiconductor 7,, and the free electron concentration in an n-
type semiconductor #,, under the equilibrium condition (applied voltage: V"= 0) are given by the following
equations.

— Ecp—Erp _ Ecn—EFn
Nyo = Ncexp (_T , Mypo = Ncexp BT

where Nc is the effective density of states in the conduction band, Ec, and Ec, are the bottoms of the
conduction bands in the p-type and n-type semiconductors, respectively, Er, and Er, are the Fermi levels in
the p-type and n-type semiconductors, respectively, £ is the Boltzmann’s constant, and T is the absolute
temperature. Derive an equation for the diffusion voltage V; using the equations above, and express Vs with
NA, ND, ni, k, T, and q.

(2) Sketch the band diagram for the diode under the reverse bias condition (applied voltage: Vz). Draw the p-
type and n-type regions at the left and right sides, respectively. The energy positions of the top of the
valence band Ey, and Ey,, the bottom of the conduction band Ec, and Ec,, the Fermi level Er, and Er,, and
the diffusion voltage V; should be given in the drawing. Moreover, show the edge positions — x, and x, of
the depletion region in p-type and n-type semiconductors, respectively. Here, the pn junction interface
position is x=0.

(3) Describe the Poisson’s equation for the depletion region (— x, =x=x,) under the reverse bias condition
(applied voltage: V), and derive an equation of the electric field E£(x) in the depletion region. Here, the
permittivity of the semiconductor is &;.

(4) The electric fields in the n-type region and the p-type region become equal at x = 0. Show the ratio of x,
to x, by using N4 and Np.
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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.

(5) When a reverse bias is applied to the pn junction, the width of the depletion region becomes 11.0 pum.
Here, the depletion layer widths of p-type and n-type regions are 10.0 um and 1.0 pum, respectively. Here,
the donor concentration in the n-type region Np is 2.0 X 10! m™ and the intrinsic carrier concentration in

the semiconductor is 1.5 X 10" m.
(D Answer the free electron concentration in the neutral region of the p-type semiconductor.

(2) The acceptor concentration in the p-type region was changed into 1.0 X 10** m™, with keeping the
donor concentration in the n-type region constant. Then, a reverse bias was applied to the pn junction to
make the depletion layer width of the n-type region to be 2.0 um. Answer the depletion layer width of
the p-type region.
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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] Answer the following questions concerning a field-effect transistor with a metal-oxide-
semiconductor structure (MOSFET). The work function of the gate metal is assumed to be equal to that of
the semiconductor, there is no charge in the oxide, and there are no interface levels at the oxide-semiconductor
interface. The source electrode and the semiconductor substrate are grounded, and a sufficiently small voltage
is applied to the drain electrode.

Metal gate Oxide Semiconductor Metal gate Oxide Semiconductor
/r EC
EC ________ N e — EFS
EV
QVG] /T;¢S
_________ Es £
EV FM
/I 1
X
0 w
Fig. 1. A band diagram at V=0 V. Fig. 2. A band diagramat V>0V

(weak inversion).

(1) Fig. 1 shows the band diagram of the metal-oxide-semiconductor structure when the gate voltage V; is
0 V. Epy represents the Fermi level of the metal, and Egg, Ec, and Ey, represent the Fermi level of the
semiconductor, the bottom of the conduction band, and the top of the valence band, respectively. Answer
whether this MOSFET is a p-channel FET or an n-channel FET.

(2) Fig. 2 shows the band diagram when a positive gate voltage (below the threshold voltage) is applied for
weak inversion. The elementary charge is q, the permittivity of the semiconductor is &5, the acceptor
concentration is Ny, the electric potential inside the semiconductor is ¢, and the distance from the interface
is x as shown in Fig. 2. The Poisson’s equation for the potential in the depletion layer of the semiconductor
is as follows.

d*¢ _qN,
dx? &

If the surface potential of the semiconductor is ¢pg(> 0) and the thickness of the depletion layer is W as in
Fig. 2, express W using ¢s.
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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) Let Cpx be the oxide capacitance per unit area and Cj, be the depletion layer capacitance per unit area.
Since Cp = g5/W, Cp is a function of V;, which is approximated as constant in the weak inversion region;
Cp/Cox = m (constant). Suppose that in the weak inversion region, when V;; is slightly increased by AV,
the surface potential of the semiconductor increases by A¢s. Express Agg using AV; and m.

(4) In the weak inversion region, the drain current I shall be proportional to exp (q(‘bs / kT)' Here, k is the

Boltzmann’s constant, and T is the absolute temperature. Express the change in log(/p) (Alog(Ip)) by using
AV and m when the gate voltage changes by AV, (the surface potential of the semiconductor changes by
Ags). You may use log(Ip) = In(Ip)/In(10), where log is the ordinary logarithm and In is the natural
logarithm.

(5) The magnitude of AV, required to increase Ip by one order is called the subthreshold factor S (V/decade).
Express S using q, k, T, and m using the results in the previous question (4), and prove that the minimum
value of S is given by In(10) kT /q.

(6) In(10) kT /q is about 60 mV/decade at room temperature. The closer S is to this value, the lower the
operation voltage of the MOSFET could be. Answer how to design the oxide thickness, the oxide permittivity,
and the semiconductor doping level to bring S close to the minimum value, with reference to questions (2),
(3), and (5).



