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fiftZ: . OTEE (Instructions):

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

Do not open the problem sheets until the start of examination is announced.

2. RIBEIFIAUIRAE 500 6 ~— 3, MERSHE3 KOS (1B E 1) Th 5.
You are given 6-page problem sheets including this cover page, and 3 answer sheets (1 sheet

for each field).

3. BRI, MRV - RS D 2 SERICIN A T, X7 MVIRNTE K OWESR - HiE D 1 A
BIRL, Bt 3 WO WA 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

S| | W

=W N =

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.
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I EICRERRERNICT D L.

Use a separate answer sheet for each field.

(¥ A2 (Linear algebra) 43 %7]

(1) KD 3 D>DXT R~ ay, ag, az ([COWTLLFOMWIEZ L. 72720, z,y,2 1$FEKT
Hb.

T —1 4
a; = 0 s Ay = Yy s az = 4
-3 3 z

(a) a;, ag, a3 WAWVNIERTH & X, x,y,2z DIEEZRD K.
(b) 2=2,y=1,2=-1&L, 175l A=[a apa3) £ T 2. EEOEELKnIZHLT,
AM Z R L.

(2) B4 2 TCOSR 1 ThHhDAdRIEFITH, I3 % dIRBEAATINET 5. d=2,3,4DFH
EILDGEINZOWT, 174 By — dly DR ZE RS L.

(1) Answer the following questions about the three vectors a;, as, and ag below, where z, y,

and z are real numbers.

a; = 0 ) ag = ) ) as

I
SIS

(a) Find the values of x, y, and z such that a;, ay, and az are mutually orthogonal.
(b) Let x =2, y =1, and z = —1. Define the matrix A = [a; a, as]. For an arbitrary

positive integer n, find A™.

(2) Let E4 denote the square matrix of order d whose entries are all 1, and I, the identity

matrix of order d. For d = 2,3, and 4, find the rank of the matrix Fy; — dly.
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Use a separate answer sheet for each field.

2.

[f#HT - #7855 (Analysis and calculus) 47 %7]

(1) kO EFHEE L. 72720 o, bIZTEOEKTH 5.

/ x2+y2d$dy D={(z,y):a<x+y<b x>0,y >0}
D(x+y>3 9 ) * e — — - ¥ -

(2) WO TR — iR %2 KD K.

2
(3) Bﬁﬂiﬂﬁ’ﬁm:?’aotf@%ﬁ%f(Zle)de%:ﬂ%abot. FEL, CRA =r (> 1) &
C
¥%.

(1) Calculate the following integral, where a and b are positive constants.

/$2+y2dmdy D={(z,y):a<z+y<b,z>0,y>0}
AEEmE raseryshezty=0n

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

dy (y) Yy
—=cos|—|+—+1.
dx T T

2
(3) Calculate the complex integral ]{ (QZTIPdZ’ where the closed contour C' is given by
o (2

the circle |z| =7 (r > 1).
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Use a separate answer sheet for each field.

3. [=Z MAEHT (Vector analysis) 43 %7 ]
EAEERIZEWT, o, y, z WA MOBARY brvizzinfivi, j, k&35, S ~ Sy
BIRDOLDITEFKT D

Sii1<a?+y*<4, 2=0
SQ:x2+y2=4, 0<z<5h
5’3:1§$2+y2§4, z=25
84:x2+y2:1, 0<z<5

%EEESC%50251USQU53US4 kj—Z) ESQL@%}:%C]_ 72

xr = 2cost
y=2sint  (0<t<107)

= —
2T

ET 5. MOFRNTEZ L.

(1) XV M F%F = —yi+aj + 2k 95, O, ICh>T, #A2,0,0) 0058
B(2,0,5) £ COMML [ F - dr 2R L.

(2) X7 MG F B F =202t +2%25 + 22k TH D L X, WS [[o F-ndSZROL n
1% S, DIMAIE BALER 7 MV THS.

(3) BAMIE S, FIZ350 T, £A(2,0,0), £B(2,0,5), £C(1,0,5), AD(1,0,0) % IE @i
L, OUA(2,0,0) ICROMARKC. 2525, BREC BT, RANHABET
DREEEILCL THD. mBNORCETORKE Cy, RCHAD ETORKC;, AD
MHRAETORKCE, ThENMIETD. X7 MG F % F = (2uy*z+e”)i+
(22%yz+cosy)j+ (2?y? +sinz)k & §5. VX F & IO C \JIn> 7oAl ¢, F-dr
R &
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Use a separate answer sheet for each field.

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

respectively. Define the surfaces Sy, S, S3, and Sy as follows:

Siil<a?+y*<4, 2=0,
Syt +y* =4, 0<z2<5,
53:1§x2+y2§4, 2 =05,
S4zx2+y2:1, 0<2<5h.

Let the closed surface S, = S; U S, U S3U Sy. Let € denote the path on Sy defined by the

following parametric equations:

T = 2cost,
Yy = 2sint,
t
= —. 0<t<10
T o (0= t=10m)

Answer the following questions.

(1) Let the vector field F' = —yi + xj + zk. Calculate the line integral [, F -dr along C,
from point A(2,0,0) to point B(2,0,5).

(2) Let the vector field F' = 2x2i + %25 + 2°k. Calculate the surface integral [/, F -ndS,

where n is the outward-pointing normal unit vector of .S..

(3) Consider the closed path C. on the closed surface S., which starts at point A(2,0,0),
passes through points B(2,0,5), C(1,0,5), D(1,0,0), and returns to A(2,0,0). The path
from A to Bis C. The paths C5 from B to C, C'5 from C to D, and Cy from D to A are the
line segments. Let the vector field F' = (2zy?z +¢e%)i+ (22%yz +cos y)J + (v?y? +sin 2) k.
Calculate V x F and the line integral ¢, F - dr along C..
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Use a separate answer sheet for each field.

4.

[fe=2 - %51 (Probability and statistics) 7 #F]
6 IO VYA anz 1 TS LE, ZRENOANRHLIMERITTNTELL : THD
bDET D LITOMWIER L.

(1) ¥4 aa% 6 BETH. HiZBRTXTERDMEELRD L.

(2) Aok 6 EEIFS. 6 DHBIENE X, 1 OHBEEE Y LBLE, X LY O
FRERE B P(X =2,Y =y) 2RO L.

B) A vz 6 AEFTH. 6 OHBEEEZ X, 1 OfBEHZY L ex, Lo
Cov(X,Y) &Rk L.

(4) A aa% 6 mEFEEZA 1 OERLLH L 2HHEZERFN-TND. 6 &
LOHBEEZZNLZEN X &Y Lt EORMMEME PX =k | Y =2) %
k=0,1,2,3,4 2% L TR L.

Consider a fair six-sided die, where each face appears with equal probability % when rolled

once. Answer the following questions.

(1) The die is rolled 6 times. Find the probability that all the outcomes are distinct.

(2) The die is rolled 6 times. Let X be the number of times face 6 appears, and Y the number
of times face 1 appears. Find the joint probability mass function P(X = z,Y =y).

(3) The die is rolled 6 times. Let X be the number of times face 6 appears, and Y the

number of times face 1 appears. Find the covariance Cov(X,Y).

(4) The die is rolled 6 times, and it is known that face 1 appeared exactly 2 times. Let
X and Y be the number of times face 6 and face 1 appears, respectively. Find the
conditional probability P(X =k |Y = 2) for each k =0,1,2,3,4.
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% DR (Instructions):

1. MR, TRy OB S % £ THLTE R 540,

Do not open the problem sheets until the start of examination is announced.

- MERRRIEERZ &0 20 X—, EIE 3HKoD0 23 (1 782> Z 1) TH 5.
You are given 29-page problem sheets including this cover page, and 2 sets of 3 answer sheets
(1 set for each field).

UMD 5005 2 7R EORE T S L, MEMIIZ 1 0BIC O 18, K1 -5H7%
DIz MMT 5L, 1HICKRM 2 I EOREZEF A TE RS kv,

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.

o787 page field page
A | EARE 2 A | Circuit theory 4
B | &A% 6 B | Electronic circuits 9
C | T 12 C | Control engineering 14
D | SR 16 D | Electromagnetism 20
E | FEFETNAL R 24 E | Semiconductor device 27

- BERM OIS, ZhEES, Kb, BB, BLUOMHEESZLATEL L,
Fill in the designated blanks at the top of each answer sheet with your examinee number,
your name, the selected field, and the question number.

CRBRIRERAUCEIAT 2 2 8, AR=ZAPBRED 20 GEERREREDZHTH RV, 20
a3, BHEICHE»H2 Z L 2WEdd52 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.

RENL, AR, EEoVwTTRIAT S I L.

Your answers must be written in Japanese or English.
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53806 232 BORET 52 L. AL HICHEAR L2 X, £,
KM 12H7 0 1 DOMEHKZ - 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, [T E)
KXo [F1], (2], (R3] ICEFA L, MEHRKICGER BN L ER S Z2HAT S 2 L.

(1] M1oREcENT, B REX Y S8 C
DIESNC e S 4, RIPIBi(t) = 4coswt [A] TH
INBHEN W TS, 72721, R=15/2[Q,

C = 5 [uF], w=10000[rad/s], I =4[A] £F 5. B R
TolwicEZ X. 0
(1) BT o AR A Ee 5y 2 7, ST T <74
BV, RO NIEZRKD K.
1@) v Vel ==
(2) Ve, Vo, V, 1 DBIRZERT 7 = —F 2T,
722L, BRID7 z—V2EhHmETS L,

@)

(3) #ELR L ¥ v 82 ¥ C & ZNENR, O IEH
L7z, I EEDS, V! = (1-a)Ver+aVe, %1
V'] =32V5 &b, O HREYEE L2, 2
DEZTDaZRD XK.

(R 2] 2 DEFEIC BT, BRI ERERIE [o |60
THY, t <0IBT EFIREIGEL T !
WBET S, B ), Bbt) OV TU TR =0 Uzm]

I, 51 um(P [}um

(1) t = 0 TAAL v F S ZRH W EED i,(0),
i2(0) Z K& k.

(2) t> 01282 iy(t), is(t) KD &,
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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] K3DkH%i, =8V 24750 (Z179) Zy, (k=1,2,...,n) ZFKiD n D 2 it
il & B L 22 BRI DO \WTE Z D, Za(n) 28R 1-17, 2-2 DR v E—5
AN BT LD LT S, F 20D ZATH Zy, 1ZIXNIR U 7Bt lc & o TH WIS E 2
ZIEvEIick-oTwsEd5, NTOMWICEZ X,
(1) n =1 TE2uEFHEPIIER L THRSINTL DL L&, HTHl-1, 2207 K8

¥ ALTH YA (1) B3

(142 2
Yal) = < 2/x 1—2j>
Lot (HALES) . 2K, FRRHCZA(1) 2R, 2L, Za(1) IZEBROIEE
T OHRARER b DTH B I LICHET S 2 L,

(2) Z, WK (3-1) DL IICEASNE LT 5 (B Q). EREOEBREnICNL TZA(n) 2
R, i rRE1-17, 2-2° [ 2 S F- 0 73 o A R 3% & i 1T

_( 2k-3j 2k
Zk_<ﬂn+1—m %+j> (3-1)
(3) Zy A (32) DI HICEABNS ET 5 (H1Z Q). Ze=5[Q], ZL=R-5j[Q DL
E, 7, CHEBEINZHBENEZRARICTI2n RERDE, TITRIZEKTH S,
2 29
Zk:(zj 1479') (3-2)
. Z,
E Z
2
R =—
2
v U,
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53806 232 BORET 52 L. AL HICHEAR L2 X, £,
KM 12H7 0 1 DOMEHKZ - 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.

[Circuit theory]
Answer the following questions ( [Q1] , [Q2] , [Q3] ). Make sure to specify the selected

field and the corresponding question number on each answer sheet.

7

(1) Find the impedance Z measured rightward from

the terminal, terminal voltage V', and power fac-

[Q1] In the circuit shown in Fig. 1, resistor R and capacitor C are connected in series, and
current I represented by the time domain expression of i(t) = 4 coswt [A] flows. Given that
R=15V2[Q], C = = [1F], w = 10000 [rad/s], and I = 4 [A], answer the following questions.

(2) Find i1(t) and iy(t) for ¢ > 0. Fig. 2

tor of the circuit. R
—o{_—

(2) Draw a phasor diagram representing the relation A <V— A

of Vg, Vi, V, and I. Note that the phasor of the R

current / should be aligned with the real axis. I <T> V Ve — C
(3) When resistor R and capacitor C' were replaced

with R and C’, respectively, the terminal voltage

became V' = (1 — a)Vg + aVg, and |V’| = 32v/5, ©

improving the power factor of the circuit. Find « Fig. 1

at this point.
[Q2] In the circuit shown in Fig. 2, the power sup- l i,(H) 1 i»(?)
ply is a DC current source and the circuit reached
the steady state at t < 0. Answer the following t_g 2[Q]
questions on the currents i1(t) and is(t). S K 1 [A] <T> |: 1 [Q]

(1) Find i1(0) and i2(0) just after the switch S is 2 [H]
opened at t = 0.



AR 8L SR ERYEBES A 7 LMEHREFAN BAE T LEEHK
LRt AR E (S H &M 748 H 26 H)

B Bl H (Specialized subjects)

(5/29)

53806 232 BORET 52 L. AL HICHEAR L2 X, £,
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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 the circuit in which n two-port networks, each having the impedance matrix

(Z-matrix) Zy (k = 1,2,...,n), are connected as shown in Fig. 3. Here, Z5(n) denotes the

impedance matrix of the two-port network between terminal pairs 1-1’ and 2-2’. Assume that

each Z-matrix Z; is not affected by the connections shown in the figure. Answer the following

questions.

(1)

When n = 1 and the entire two-port network is composed of linear elements, the
admittance matrix Y (1) for terminal pairs 1-1" and 2-2’ is given as follows (unit: S).

Ya(l)= (1275‘7 1 3x2j>

Find x and the impedance matrix Zx(1). Note that Za(1) can be composed of lenear

elements.

Suppose that Zj is given by equation (3-1) (unit: €2). For an arbitrary natural number
n, find the impedance matrix Z(n), and draw the equivalent circuit of the two-port

network between terminal pairs 1-1’ and 2-2’.
[ 2k —3j 2k
Zy = (2(n +1-k) 2k +j> (3-1)

Suppose that Zj is given by equation (3-2) (unit: ). When Zg = 5[] and 7 =
R — 55 [Q], find the values of n and R that maximize the power consumption of 7,

Z, = <2 2 ) (32)

where R is a real number.

2] 143

NoNe)

(2)
\&J
O r1.Cc 101
N
W
Ol LT _TL 1
Tz
|
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5H 6 2 72 BOMRE 5 2 L, BARHEICHENRK LT Z VL. £,
KM 12H7 0 1 DOMEHKZ - 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. [&E1[Ml#oE]
Ko (M1], (2] &AL, BEMBRIGERDES EWEESZ2HAT S 2 L.

[(RI1] AFORIWICE 2 L.

(1) K1 @277 vi()=10sin(2nt) [V]DEJEZ X 1 (bR T [EIFE O a-a'ff IS 2 7-.
R=10[Q]LT 5 &%, Eiiti() [A]B L VT b-bFEDOELE vo(t) [VIOWEZHRE L. F
7o, WIEDERKME - F/IMEB L REN S ORI Z KHIRE. B, A4 — ROIEH
WHUTE =, WO EPUIERRE 5.

i(1)
a'o— ob'
3 R
S vi(?) R N4 Vo(?)
.10 ae ¢ °b
time,  [s]
(a) (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) 2R THEBICANEEw [VIBEOw [V]IZNZZ. R=1[Q)tT+5HLX, HAh

TEIE vo [V1Z vi [VIBX O w [VIZHAWTEYE. 72k, HEEMESRIHEEAN TS LT 5.

R R
Vieel  F——A  F—;
R - —— V,
V2 +>
R

X 2
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53806 232 BORET 52 L. AL HICHEAR L2 X, £,
7(!3'3 12570 1 O 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.

[FI2] M3 ITRTEBEICHOVWTUFTORIWCE 2 K. 7277 LIHEHIEROETFIEE 4,
ANA v E—L U AER|IBR, B v E—F o 2%€n T 5, FEAREKToL T
D.

(1) V—"7FIfG T aRD K.

(2) BENEFIREIZD D & & ORIBIR WL £ RD K.

(3) BIENTEHFIRREIZH D L XOETFF A% R & Ree WV TEYE.
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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. [Electronic circuits]
Answer the following questions ( [Q1] , [Q2] ). Make sure to specify the selected field and

the corresponding question number on each answer sheet.

[Q1] Answer the following questions.
(1) An input voltage of vi(f) = 10sin(2nf) [ V], as shown in Fig. 1(a), is applied between the terminals a-a' of the
circuit shown in Fig. 1(b). When R = 10 [Q)], draw the waveforms of the current i(f) [A] and the output voltage
vo(?) [V] between the terminals b-b'. Also, indicate the maximum and minimum values of the waveforms and
their corresponding times in the figure. Assume the diode has zero forward resistance and infinite reverse

resistance.

i(7)

vi(t) [V]

R O
vi(?) R N\ V(1)

time,  [s]

(2) (b)
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.

(2) Input voltages vi [V] and v, [V] are applied to the circuit shown in Fig. 2. When R = 1 [Q], express the

output voltage v, [V] in terms of v; [V] and v» [V]. Assume that the operational amplifier is ideal.

R R
Vi F——1_1 }—
R >—o—o Vo
V2 +
R

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.

[Q2] Answer the following questions for the circuit shown in Fig. 3. Assume that the operational amplifier

has a voltage gain of 4, an infinite input impedance, and zero output impedance. The angular frequency is

denoted by w.

(1) Find the loop gain T.
(2) Find the oscillation frequency funder the steady-state oscillations.

(3) Express the voltage gain 4 under the steady-state oscillations using R; and Ry.

Fig. 3
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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.  [WHH o255 )
Ko (M1], (2] &AL, BEMBRIGERDES EWEESZ2HAT S 2 L.

([ 1) (ERERI5 P(s) = j$§
S

ZEZEZ %, HIHBOMEZR 1ICRT, 7270, sid7 77 ABBOERZEL, vl
TR, r 2 HEE, o 3ERERE, e B3RZZ2ET. UToOMwICEZ X,

ﬁﬁgn%ﬁ@ﬂ%%,%ﬁﬁng>m%mmfﬁ@¢

(1) P(s) Dz R k.

(2) RI1I2B T HEE r 2 5 7% e ~OIEEBIEK G, (s) 2R X,

(3) EED K > 01/ LT, X1 DHBEIRNILETH S LERE,

(4) M1 OHHHRD 7 A v ZARPEDI L rad /s L% 5 K9 % K Dfi (K > 0) ZRkd k.
(5) (4) TRdD% K #7560, K1 ORIEZROMHRHGZ KD K.

ﬁ
4
o
“ | =
<
<
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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] ROREHBATRINDGLATLGEREZ S,
(;.{;uo = Ax(t) + Bu(t),
v = Ca(),

0 1
—2 -3

A= . B= ,C:[pl}

1

O TLIXRRIZR, x(t) (3RFE, w(t) AT, y(t) BHATHY, p3ETH S, UTD
fIVIZEHZ X,

(1) AT L GOMERD K.

(2) PIREED  2(0) = [1 1T TH O ATIDu(t) =0 (t >0) TH B L ZDIRE 2(¢) (t > 0)
I

(3) XF (A, B) 3AlHliHITH 5 2 & 2RE,

(4) WHHIREEDS 2(0) = [10]TTH YD AP u(t) =1 (t > 0) TH 2 L EDH 1% 41 (t) (t > 0),
WIHRAED Y 2(0) = [0 ¢ T TH O ATID u(t) =1 (t > 0) TH 2 L EDHII% yo(t) (t > 0)
LS5, HRELgRERTHE. ZOEZyt) =p(t) > 0)DBRET 259 % p, ¢
D% KD X,
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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.

[Control engineering]
Answer the following questions ( [Q1] , [Q2] ). Make sure to specify the selected field and

the corresponding question number on each answer sheet.

[Q1] Consider the problem of controlling a plant represented by the transfer function

shown in Fig. 1. Here, s denotes the Laplace transform variable, y is the controlled variable,

K
using an integrator — (K > 0). The configuration of the control system is
s

r is the reference, u is the control input, and e is the error. Answer the following questions.

1) Find the pole of P(s).
3) Show that the control system in Fig. 1 is stable for any K > 0.

4

(1)

(2) In Fig. 1, find the transfer function G.,(s) from the reference r to the error e.

(3)

(4) Find the value of K > 0 such that the gain crossover frequency of the control system in

Fig. 1 equals 1 rad/s.

(5) Find the phase margin of the control system in Fig. 1 when using the K found in (4).

ﬂ
4
o
w | X
IS

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] Consider the system G represented by the following state equations:

. {m) = Az(t) + Bu(t),

(
y(t) = Cx(),
0 1] [0 oo

-2 =3

A: ’B:

Here, t is the time variable, x(t) is the state, u(t) is the input, y(¢) is the output, and p is a

constant. Answer the following questions.

(1) Find the poles of the system G.

(2) Find the state z(t) (¢t > 0) for the initial state z(0) = [ 1 1 ]7 and the input

u(t) =0 (t >0).
(3) Show that the pair (A, B) is controllable.

(4) Let y1(t) (t > 0) denote the output corresponding to the initial state 2(0) = [ 1 0 |7 and
the input u(t) =1 (¢t > 0). Moreover, let y2(t) (¢ > 0) denote the output corresponding
to the initial state z(0) = [ 0 ¢ T and the input u(¢) = 1 (t > 0) where ¢ is a constant.

Then, find the values of p and ¢ such that y;(t) = y2(t) (¢ > 0) holds.



AR 8L UK ERYEBES A T LMEWMEFAN B E T LR
LRt AR E (S H &M 748 H 26 H)

B Bl H (Specialized subjects)
(16/29)

53806 232 BORET 52 L. AL HICHEAR L2 X, £,
KM 12H7 0 1 DOMEHKZ - 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.

D. [HE#FITE]
Ko (M1], (2] &AL, BEMBRIGERDES EWEESZ2HAT S 2 L.

(1] I 1IRT, EERENEN a/7,a/3, aTIES DER T DEDERETE A, B, C 2%
Z 5. BRERE A X0 NlOZER 28k 1, B A & B OB OZEMAMEK 2, BRRHEB & CO
M DZEM 4 m8ik 3, HREkE C K VIMUDZEMATEK 4 £ 75, 4 DOEBITIEZETHL L L, HE
i et T 5.

(1) BRERGZ A IS BN Q252 5. [RODERERO .00 5 Bl r ONE TOBROKE B X
OMERRE R 2 B2 ke K.

(2) BIRERB A & B ORIOFER & Cap, BRI B & C OB OEER T Coc 36 L OERERE C D
PRIz R D FrEE A T Co 23R .

(3) BAERZBIZIITEMOEH 25, fHEKL,2,3,4 DFFET R LX—%RKD L.

(4) KEPEARTE HHIVERCEHERERR A & C 285 L7REECERERE B IZEEM Q 25 %
L. 7272 L, ERERE B IEAEEKEE A, C EEXMICHER I TWD ., AERER D MR I
X35 EAL, BIRERGE A BN D EMBS L OGEK 1,2,3,4 OFFET= R L —%RD 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.

TEiE4

BIRBRFRA
B{REKFRB

B{ABRRC
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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] K2IeR-d LI, BEEPOEREERD 24 B2, KR&ES I TEQHIIZMD) > TEH O
WEBRATHENTND. xlil EOFA OO HEia DA% P, HEixDAEQ, O<a<x, &T5. £77,
A (a, 0,1/2), i B(a, 0,-1/2), 5 C(x,, 0,—1/2), iD(x,, 0, 1/2) ZEDH. 7=72L, HEOHRFE
u, k35 LFORWIE K.

(1) BN z=-0 D z=0 ETHND & X, H/L—FABCDIZHAZTAMKODKE S&2KD K.

W, BIRPEALRT MVRT UYL AICHONWTEZ S, BRIZ z OB THDHZ LICEET
HE, AD X, yEZIX0THY, FRONLHMZICHIEMBR Tdz IZX->THEQIZAL DY |
IWIRT VX VD 2 [§]5y dA, (x) 1E, RAUCL->TH AL,

Hy 1dz
d4 (x)=20——
,(x) P b
Q) MEBERN z=—L D z=0 TTORMERND L&, M QIZELDZRY MVERT VYLD z (4

A,(x,) 7RO L. BHOBRZLLF O AXZEHW TRV,

J‘\/zl_de:m(z-i—\/Zz—i—k), 7277 L kIZEEK.
z +

B) (HIHERRKELIELEDHQEMPDONRY MURT U Y LDzl D A (x,)— 4, (a) ZKD k.
(4) Bi/L—7 ABCD |23 > T A DFEFES 2R, ()TRDZBER © &l X, £72, xfil L&
DIFIZBITDHVxAZRDEL. 72720, x>0, L, A()IFEHRELTH AN bDETS.
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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(a,0,-1/2) C(x,,0,-1/2)

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.

D.

[Electromagnetism]
Answer the following questions ( [Q1] , [Q2] ). Make sure to specify the selected field and

the corresponding question number on each answer sheet.

[Q1] Consider concentric spherical conducting shells A, B, and C with radii a/7, a/3, and a, respectively, as

shown in Fig. 1. Here, the three spherical conducting shells have negligible thickness. The spaces inside the

spherical shell A, between the spherical shells A and B, between the spherical shells B and C, and outside the

spherical shell C are defined as regions 1, 2, 3, and 4, respectively. The four regions are in vacuum and have an

electrical permittivity of &.

e

2

3)

“4)

Only the spherical conducting shell A is charged with Q. Find the magnitude of the electric field and the
electric potential relative to infinity at a point of distance » from the center of the concentric spherical
conducting shells.

Find the capacitances between the spherical conducting shells A and B, Cag, and between the spherical
conducting shells B and C, Cgc. Also, find the capacitance of the spherical conducting shell C with respect to
infinity, Cc.

Only the spherical conducting shell B is charged with Q. Find the electrostatic energy stored in each of regions
1,2, 3, and 4.

The spherical conducting shells A and C are connected to each other with a conducting wire having negligible
radius and only the spherical conducting shell B is charged with Q. Here, the spherical conducting shell B is
electrically isolated from the spherical conducting shells A and C. Find the electric potential relative to infinity
of each spherical conducting shell and the electric charge which appears on the spherical conducting shell A.
Also, find the electrostatic energy stored in each of regions 1, 2, 3, and 4.
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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.

region 4

region 3

spherical conducting shell A

region 2
spherical conducting shell B

region 1

a/ 7

spherical conducting shell C

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, on the z-axis of the Cartesian coordinate system in vacuum, a steady line current is
flowing toward the positive direction at magnitude /. The points of distance a and x, from the origin O on the x-
axis are P and Q, respectively, where 0 < a < x, . Also, the points A (a, 0, 1/2), B(a, 0,-1/2), C(x,, 0,-1/2),
and D (x,, 0, 1/2) are defined. The permeability of vacuum is z, . Answer the following questions.

(1) Find the magnitude of the magnetic flux ® linking to the closed-loop ABCD when the line current flows from

z=—0 t0 z=00.

Next, we consider the vector potential A created by the current. Noting that the current has only the z component,
x and y components of A are 0, and the z component d4, (x,) of the vector potential generated at the point Q by

the current segment / dz, which is located at the point of distance z from the origin O, is given by the following
equation.

dAz(xO):& Idz

4z \|z* + x,”
(2) Find the z component 4 (x,) of the vector potential occurring at the point Q when the line current flows from

z=—{ to z=/.The following integral formula may be used in the derivation.

f ! dz = 1n(z +z2 + k) , where k is a constant value.
NzZP+k
(3) Find the difference of the z component 4, (x,)— A4,(a) of vector potential between the points Q and P when
¢ becomes infinite.

(4) Find the line integral of the vector potential A along the closed-loop ABCD and compare it with the magnetic
flux @ obtained in (1). Also find V x A4 at an arbitral point on the x-axis, where x>0 and 4, (a) is given as

a constant value.
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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.

dzlAmpJa)

D(x,,0,1/2)
@

\
=

o

/ B(a,0,-1/2) C(x,,0,-1/2)

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. [FEEART A 2558]
Ko (M1], (2] &AL, BEMBRIGERDES EWEESZ2HAT S 2 L.

(R 1]

BOEHRRRE O B TIXR OB LRI, pn=n2 W0 O Z ERBR TN A,
p=qlp—n+Np—Ny =0

, N R —FHRERS LT 7 &7 &% — Al

MIREE, n, plIAWBEFEE L EABE, 3By ) 7EELZRT. LFTORWIE X L.

[y
(v
o
+
he)

+
il
=
B
i
e}

+
i
i)
i
A
&

(1) nBXUPp&EN,, Ny nZHWTHERYE.

(2) (Np=N)>»n; PO Ny >N, D EZOnDOIEPXERD I, Z 2T, a»pdéx,
@+ B2~ a2, (@a—B)~alFPLTHLENLEDET D,

(3) (2) TKROIZnDIEPXZHNT, pZRD L.

(4) EMEEARD SilZ e F(As) ERTVREB)DOM FEIRM LIS E% %525, ZOSilCBITbnt
pDEERD L. B, mMENTZ As & B OEEXZTNLLTH 2x10° em™® & 1x10"
em> &L, By ) TEEIT 1x10%em? & 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.

(R 2]

VIR EREAE O XN X =N RRTH D, xIZHRE» D OEEZER L, Ec(o)iXfE
ROMGER FEDOBE AT RNV X —%, EplIFEEOT7 oI L~ LER LTS, 72720, Eqd(x)
T FORXTEREIND.

q*Np
ZSS

Ec(x) = x=W)? (0<x<W)

SRMICEINT 2B ELZVE L, EXFEELqLTD. FLYERNTOEZEORELZW, T
— AW E A Ny, FEROFERE e, V=0DREONKENMEV, & T 5. FERE LT Si &
AW SEEOE R EEREAERDH L. ZNLOBXRENEEITo7. 22T, EZBOHAL
HEHT- OESEREZCLETDE, K27 T 1/C2-V7ry MZBWT, 3ARKDEMRIG
. LUFOBWICE 2 K.

X 2. 3HEEOLBE-LEKRELS
1. &R EEEESDT X LE-A D1/C2 -V v k.
v RX.

(1) ZEZ @R W%q, Np, &, V, V2 O TEE., ESICEBROHMELEVZAICKEL LE
Wf, Z2Z RN ILNDDMEE D0y, BRE & HIZE 2 L.

(2)Z=Z %, BHW, FEReOBERNORD AT oY ERRED. C&, W, s T
.
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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.

)M 2 DEM DX L EIEEYI %, q, Np, &, Wi® 9 bl b D x HnTENENRYE.

(4) M2 oERY, Y, ¢DIH, WEEMVEARRKOLD L, FI—RRENy B RRKO b
DEz, TNENEHAL L HIZEZ XK.
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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.

[Semiconductor device]
Answer the following questions ( [Q1] , [Q2] ). Make sure to specify the selected field and

the corresponding question number on each answer sheet.

[Q1]

The equation, pn = n;?, and the following condition for charge neutrality are well known to hold.
p=qlp—n+Np—Ny) =0
p is the charge density and q is the elementary charge. N, and N4 are the donor and the acceptor
impurity concentrations, respectively. n and p are the densities of free electrons and holes, respectively.
n; is the intrinsic carrier concentration. Answer the following questions. In these questions, the dopants

are assumed to be fully activated.

(1) Express n and p in terms of N, N4, and n;.

(2) Find an approximate expression for n when (Np — N4) > n;, and Np > N,. Here, when a > f3, you

can use the following approximate expressions: (a + 8)Y/% ~ a'/2, (a — B) = a.

(3) Find p using the approximate expression for n obtained in (2).

(4) Find the values of n and p, when both arsenic, As, and boron, B, are doped into the intrinsic Si. The

3

concentrations of As and B are 2x10*° cm™ and 1x10** cm™3, respectively. The intrinsic carrier

concentration is 1x10%° cm™3.
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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]

Fig. 1 shows the energy band diagram of a metal-semiconductor junction. Here, x represents the
distance from the interface, E¢(x) represents the electron energy at the conduction band edge of the
semiconductor, and Eg represents the Fermi level of the semiconductor. E¢(x) is given by the following

expression.

q*Np

ZSS
Let VV denote the voltage applied to the metal side and q the elementary charge. W represents the width

Ec(x) = x=W)? (0<x<W)

of the depletion region inside the semiconductor, N represents the donor impurity concentration, &g
represents the dielectric constant of the semiconductor, and V},; represents the built-in potential when
V' = 0. Three types of metal-semiconductor junctions using Si as the semiconductor were prepared, and
their capacitance measurements were performed. When the capacitance per unit area of the depletion
layer is denoted by C, the 1/C% — V plots yield three straight lines as shown in Fig. 2. Answer the

following questions.

Depletion
width W
—

Metal Semiconductor

Fig. 2. 1/C? —V plots for three types of

Fig. 1. Energy band diagram of the metal-semiconductor junctions
metal-semiconductor junction.

(1) Express the depletion layer width W in terms of q, Np, &g, V, and V},;. Furthermore, answer whether
the depletion layer width becomes wider or narrower when the applied voltage VV on the metal side

is made more negative. Also explain the reason.
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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) The depletion layer can be regarded as a capacitor consisting of a dielectric with a thickness W and

a dielectric constant 5. Express C, in terms of W and &s.

(3) Express the slope and the voltage-axis intercept of the line ‘a’ in Fig. 2 in terms of appropriate

symbols among g, Np, &g, and Vy;.

(4) Among the lines ‘a) ‘b’ and ‘c’ in Fig. 2, identify which one has the largest built-in potential V4, and

which one has the highest donor impurity concentration Np. Also explain the reason.



