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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

O | 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.

1.

(¥ A2 (Linear algebra) 43 %7]

(1) LLFOf751 A, B 0FT5IRE Zn2nk k.

1 2 3 4
202 4 6 8 10
A=14 0 9|,B=
2 46 8
11 2
357 9

(2) FEDOnRE=ATTIA = (a;;) I LT, det(A) =][L,as THDHZ & aTRE. 22
T, det(A) 1T A DITHAE KT

(1) Find the determinants of the following matrices A and B, respectively.

1 2 3 4
202 4 6 8 10
A=14 0 9|,B=
2 46 8
11 2
35 7 9

(2) For any upper triangular matrix A = (a;;) of order n, show det(A4) = [];_, @i, where

det(A) denotes the determinant of A.
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Use a separate answer sheet for each field.

2.

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

(1) WOBDEHEE L. 72720 0, b IZTEOEHTHY, RIIEHEROELSEZRT.

22 2
Sl

/ (2* +y*)dady, D= {(ﬂc, y) € R
D

(2) kOWHHRRXOfE, 777 A EMmE W RS K. 7B, o 138 y(x) O 2 2B
L 1BEEEEERLTND

y" + 4y = coshz —sinhx, y(0) =2, ' (0) =3
(B) z=x+iy, v,y 1TFEHK, i=+v/-175. WOKMIZEZ L.
(a) BI%L e**(cos ay + isinay) NIER & 72 598 a %R K.
(b) EHIBRH w(z2) 25 2 %. Re(w(z)) = coszcoshy TRIND L E, w(z) R L.
7272 L Re(w(2)) 1%, w(z) DEHTH 5.

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

set of all real numbers.

22 P
S}

/uﬂw%mm Dz{@wGRZ
D

(2) Find the solution to the following differential equation using Laplace transforms. Here,

y" denotes the first-order derivative of a function y(x) with respect to z.
y" + 4y = coshx — sinhz, y(0) =2, y'(0) = 3.

(3) Let z = x + 4y, where = and y are real numbers, and i = v/—1. Answer the following
questions.
(a) Find a real number a for which the function €?*(cos ay + i sin ay) is holomorphic.
(b) Consider a holomorphic function w(z). Suppose the real part of the function w(z) is
given as Re(w(z)) = cos z cosh y, where Re(w(z)) denotes the real part of the function

w(z). Then, find a formula for the function w(z).
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Use a separate answer sheet for each field.

3. [~7 FAEHT (Vector analysis) 4357 ]
EARPEERICBNT, o, vy, 2z WIGMOBRANY Mvzenthi, j, k&35, N7 b
Y3 F % F =2xi+3yj + 62k & L7z &, PAdhE S : 822 + 12y + 2422 = 4 L OmES

/ A4z + 9y? + 3622 dS
S
LT OFNECTHFEE L.

(1) PAdE S EOK A (2, y, 2) IZBT DI E ERRT bbn Z2RD K.
(2) PHEhE S EC, F-n= /42?4 9y? + 3622 3LV YLD Z & &Rt
(3) /\/4x2 +9y2 4+ 3622dS &K k.

S

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' = 2zt + 3yj + 6zk. Calculate the surface integral

/ V4r? + 9y? + 3622 dS
s
over the closed surface S : 822 + 12y% + 2422 = 4 by answering the following questions.

(1) Find the outward-pointing normal vector n at each point (z,y, z) on the closed surface

S.

(2) Show F -m = /422 + 9y2 + 3622 on the closed surface S.

(3) Find / VA4x? + 9y? + 3622 dS.
S
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Use a separate answer sheet for each field.

4. [#e= - %3t (Probability and statistics) 57 #F]
b~ T ADREIZONT, 1IEOD A ANPEJRIZEDF O n 1L, IROMERIAMIHES
Moo TS, 7272L, AARAEARADAEEINLIMRIZIELLH 12 THDL LT 5.

1 "

ZOVUADORIIEALT, ROFMWIZEZ L.

(1) HDAADS T RZDONT, FORBNR2 THDEnholmh, FR2IBE LA AT
& D=2 R &

(2) BDHAADTTRZDNT, FADFOEN 2 Th D% KD L.

(3) HDHAADY T AZDNT, FTADFDOEN2 ThHhDENPoTGE, FOMRBN 2T
HDOMERERD L.

(4) HLAADY T RZONT, FADTORIN2 THD Lo TGh, A ADTOHL
2 ThHDHMERZRD &

VBT HIUTLL T DR ZFIH LTI,

Eim”=uﬁiy (Jz| < 1), zyl ? (|z| < 1)
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Use a separate answer sheet for each field.

As for a certain species of mouse, it is known that the total number n of children which a
female mouse produces in its lifetime is distributed according to the following probability
distribution P,.

1 "
P0:P1217 Pn:(§> for TLZQ

Here, we assume that the probability of giving birth to a male or female is 1/2. Answer the

following questions on this species of mouse.

(1) For a female mouse, given that the total number of its children is two, find the probability

that both children are male.
(2) For a female mouse, find the probability that the number of its male children is two.

(3) For a female mouse, given that the number of its male children is two, find the probability

that the total number of its children is two.

(4) For a female mouse, given that the number of its male children is two, find the probability

that the number of its female children is also two.

You may use the following formulas if necessary.

%nx —m for ‘.’L”<1, ;n:ﬁ —m for ’$‘<1
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i EVERE (Instructions):

1. FEHAR, Thhos OGBS 5 £ ThHW TR 6 2w,
Do not open the problem sheets until the start of examination is announced.

2. MEMRUIERZ & O 25 X—, BEMIIE 3> 2 (1 2BIc>E 1) TH 5.
You are given 25-page problem sheets including this cover page, and 2 sets of 3 answer sheets
(1 set for each field).

3. LT 5 7 Mh 6 2 7 2@ ORE$ 2 2 &, BRI 1 2B Ic>E 188, KR 12567
D 1KzfHT2 28, 1THRICRIE 2 MU EOEZETH TR RS 50,
Select 2 fields out of the following 5 fields and answer the questions. You must use a separate
set of answer sheets for each of the fields you selected. One sheet in a set is for one question.

You may not use one sheet for two or more questions.

Par g page field page
A | A 2 A | Circuit theory 4
B | % 6 B | Electronic circuits 8
C | il e 10 C | Control engineering 12
D | T 14 D | Electromagnetism 18
E | FEETANA R 22 E | Semiconductor device 24

4. ERROEIIC, Zhwks, K4, @E#ERoTH, 8XUMERS2RATS 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.

5. REIIMRERMUICEIAT 2 2 L, AR—APRD LS HEAZHCTH R0, 208
frld, BEICMERHL I L2HELT 5T 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. ML, HAGE, HEDOWITNPTIEATS I L,

Your answers must be written in Japanese or English.
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HRIENT 5

T TR
(EhiH Sf 69 H10H)

7(?‘3*’)%%* h R DIEE R Z v &

5085 2 02 BOME T 5 2 L, BALTHEHICHENK LBz ML, £,

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 [EXBEITE ]
xo (1], [H2], [F3] i<

(1] X1DMEERICENT, bt belHIC Ry
EnRDA v F 7y PMINCEFRIN T D
DIFNOBwIcEZ k. 7L, R =L,
Ry = L[Q]’ Yie = —J [S](k = 1,2,...,’”),

V3
Yy = —2;[S] Th 3.

(1) n=20D,E, Il bclDT I
A Yie ZRKD X,

(2) n:]-@kg)a Vab; ‘/bc’ -[7 IR27 ILI
DR EERT 7 = — VX2 E, (AH
fﬁarg(%) ZRD XK,

(3) frAHzA arg(%) =IDLEEDnEK
b k.

(2] X2 oREKcE T, BREE )

5sin2t [V] Z HIN L CTRIFEDEFRFEICE L 7244,

K%t = 0Te(t) =0 V] & L7, Eiiilt)
&= qt) ITDOWTLFDORWICE Z K.

(1) i(0), q(0) ZKe k.
(2) Rzt > 0BT % i(t) ko k.

E:EE'

VIRa

VL1

Ry, Y1

BA K, ENRICOERD A LER S 2AT S I L.

¢]Ln

YLn

1Q

0.5H

i(?)

2 g(®)
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5306 23R IBOMRE TS L. BALWHIHERAK LT X. £,
j(F"?I*’) b1 ) — DB M Z 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.

(7 3] mma@&m,¢%mmﬁﬁﬂxz[g-q@ﬁﬁﬁmazﬁ%ﬂmaq%%o@

BrHEZ 5, (K)OMcERINEFIORINf@izhzngA v E—Y v 2A%2E£$. DIF
DORIWIZE Z k.

(1) Voo I, 2, Vi, I, BX Pz 20X TEE,
(2) 2% (K) 23, MIERTOATHEIN TS EE, 2 2RKD X,

(3) ComlEED 1-1 s rHic, M 3(a) D& ) ICKRELRIR F 288830 Tw» 5, 222" b1l
L0, Mz W73 3(b) TR SRR Al & A d I EnTEHLELT, W
BEO Z 2Rk X, 2L, (2) DEMHFRBILLTWEHDET S,

b b b
O 2] ) 1 O
V x Jj
QE n il L) =15 Hw]%'i V2
O l 'e)
1’ 2’
(a)
2
Zout —0
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LR A AR (i H AH 649 H 10 H)

B9 Bl H (Specialized subjects)
(4/25)

5306 23R IBOMRE TS L. BALWHIHERAK LT X. £,
KiJ—2d 7 ) —K DMz 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.

A. [Circuit theory])

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

field and the corresponding question number on the answer sheet.

[Q1] Consider the circuit shown in Fig. 1,
where Ry and n inductors are connected in

parallel between terminals b and ¢. Answer

the following questions, where Ry = ‘/7?: ],
and Yy, = —2;j [S]. <—Vb VIr2 VI
a
(1) When n = 2, find the admittance Y. <>
E " R, Y
between terminals b and c. T & be S
(2) When n = 1, draw a phasor diagram N
representing the relation of V,p,, Vi, d 1 Y
I, Igo and I;. Then find the phase
. Vire .
difference arg(2). Fig. 1
(3) Find n when the phase difference
arg(ye) = 5.
[Q2] In the circuit shown in Fig. 2, the source
voltage e(t) = 5sin2t [V] was applied and the cir- 1Q 0.5H L(f)
cuit reached the steady state. When ¢ 2 0, e(t) was —
set to 0 [V]. Answer the following questions for the .

current i(¢) and the charge ¢(t) .

(1) Find ¢(0) and ¢(0). ‘
Fig. 2
(2) Find i(t) for ¢t > 0.

¢ILn
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B9 Bl H (Specialized subjects)

(5/25)

5306 23R IBOMRE TS L. BALWHIHERAK LT X. £,
7(?‘3*’) b1 ) — DB M Z 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 with a two-port network (K) at the center. (K) is defined by a cascade

matrix K = [_“Tj ﬂ, as shown in Fig. 3(a). The values shown for the elements connected

outside of (K) represent their impedance. Answer the following questions.
(1) Express V5 and I in terms of V3, I, and z.
(2) When the two-port network (K) consists only of linear elements, find x.

(3) In the circuit, an AC voltage source E is connected between terminals 1-1°, as shown
in Fig. 3(a). Assuming the equivalent circuit viewed from the left side of terminals 2-2’
can be represented as shown in Fig. 3(b), find Vp and Z,,;. Assume that the condition
from (2) holds.

11 I Ib 12 2
T I G
] [z i
QE n al1g]=15 ”—Ib] V|72 V2
o ! 2
T >

2
Zout -O
@V
o
(b) 2
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5786 2 R BORE T 5 2 &, BAREICHENR L2 VWX, £,
j(F"?I*’) b1 ) — DB M Z 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.

B. [&E 1 Hl#EI%]
Ko (1], [M2] &AL, BEMBISERDE Y L MERTZHAT S L.

[RI1] B 1(a), OITRTEREICB N TROBIWICE X K. 721, ¥4 4 — RIZNEF MK
latna, WhHMERAZERKE L, AEE vOIZIEX 1 (2T E%WE vi() = V,, sin 2t
#Hz25.

(1) K1 @R REEICBNT, HOEE OO EXRE XK. 72720, BEi<Va & T
5.

(2) K 1OUTRTEEIZBWNT, HITELE v()DREE X rE L. 72720, B2<EI<Vak
T 5.

e o b o—1 5
A A R
R -
vi(1) -1 v, () vi(t) BE v,(2)
ET EI_T_ E)7 -[_
q o 1- ob ao hd hd °C
(a) (b)
v [ T T ]
§ 0
'Vm ~ 1
0.0 03 0 Ts
time, ¢
(c)

X 1
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5306 23R IBOMRE TS L. BALWHIHERAK LT X. £,
KiJ—2d 7 ) —K DMz 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.

[[2] ROMWIZEZ L. 72720, HAEMEIRIFEEANTHL L T5.
(1) H2@ITRTRED V, &R K.
(2) K2OUIRTEIEED V, %KD L.

R, R,
—L ] {1
777 N
Vi o . >——e—0 ),
(a)
R, R,

(b)
%] 2
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500 2 72 ENRE T 2 2 L BATERICENR L2 K. £,
KM—2& 72 ) — KD Z 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.

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

the corresponding question number on the answer sheet.

[Q1] Answer the following questions for the circuits shown in Figs. 1 (a) and 1 (b). Here, the diodes
are assumed to have zero and infinite resistances in forward and reverse directions, respectively. The
input voltage vi(¢) is the sinusoidal wave v;(¢) = V,, sin 2n¢ shown in Fig. 1(c).

(1) Sketch the waveform of the output voltage v,(¢) in the circuit shown in Fig. 1(a). Here, E1 < V.
(2) Sketch the waveform of the output voltage v,(¢) in the circuit shown in Fig. 1(b). Here, E> < E; <
Vin.

ao—{ 1 ob' a'o— ] o C

A

vi(t) BE vo(t) vi(t)

EIT E, T_ Ez‘[
qo0 ® ob ao ® ® o C

(a) (b)
T T
Vi - .
S0
-~
Vi - -
1 |
0.0 0.5 1.0 1.5
time, ¢
(c)

Fig. 1
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5306 23R IBOMRE TS L. BALWHIHERAK LT X. £,
KiJ—2d 7 ) —K DMz 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.

[Q2] Answer the following questions. Here, the operational amplifiers are assumed to be ideal.

(1) Find V5, of the circuit shown in Fig. 2(a).
(2) Find V5, of the circuit shown in Fig. 2(b).

R, R,
—1__ F——1
777 ~
V. o >—o—o V,
(a)
R, Ry

(b)
Fig. 2
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5306 23R IBOMRE TS L. BALWHIHERAK LT X. £,
KiJ—2d 7 ) —K DMz 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.

C. [ T4%55 %)
KXo [F1], (2] 22 &, BERRICERDE Y EMER S Z2RHATS 2 L.

(1] DURTI, ¢ BIEER, si37 77 ABMOER ZRT D LT 5. {LEBE

C

PO = o reTs
TRINDVATL%EEZL, TOYATLIAN ui(t) =sin(t) 2525 &, EFREICE
F2HIT g (1) 1IZRL (a) WRTED Loz, FRRIS, AT uy(t) = sin(2t) 12X 9 2 EHHR
BICE T 21T ya(t) 21 (b) 1R, £, HEORBIE D DOHMBROAERRZ £ T 720
i TED, K1 (a) oS // BEREPEL W E2KT, 51T, P(s) IZO0T,
M1 () IRTHN=TR%2EZ S, L, v EHIBE, r M, o $BRER, o 3FZE,
KI3HN7 A4 v ThH 5, TORWIZEZ X,

(1) BB P(s) D a,b,c DfEZ KD X,

(2) K1 (c) DEAN— 7R DLEEZRFET 5 K OfibZ K K.

(3) K1 (c) lcBWTHALRA T v Z7HEMEIZN T 2 EHRADMHED 001 AN %D X9
/D K %2Rk X,

a>0,b>0,¢>0

-3 ! ! ! !
1 second t 1 second t
1 (a) 1 (b)
r + e U Y

K1 (c)
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Select 2 fields out of the 5 fields and answer the questions. Use a set of answer sheets
for each of the fields you selected and use an answer sheet for each question.

(2] ROREHEATEINDILATLGCEEZD.
- {:’v(t) = Ax(t) + Bu(t),

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

A= 0o 0o 1]|,B=]0 ,C=[101}
9 _5 —4 1

C 2 CTHIRINHZR, =(t) 1BIREE, u() EAH, y@) A TH S, UTFORWICE R X,

(1) A7 45 G DIREMEZ KD X,
(2) % (A, C) BSTBIHITH 2 Z & 234,

(3) DIHREEDS 2(0) = [101 )7 TH YO AP u(t) =0 (t > 0) TH 2 L EDHN% y (1) (t >
0) 9%, 7, WHIREL 2(0)=[001]" THH AN u(t) =1 (>0 ThsL
EOMNI% pao(t) (¢ >0) LT 5. 61, PIREN2(0)=[-101]" ThHH AN
wt) =2(t>0)TH2EEDOHTZ ys3(t) (t >0) ET 5. y3(t) Z ya(t) & yalt) Z >
THRA,

(4) AV K e RV ZHOTIRE7 4 — NNy 7 u(t) = Ka(t) ZHEL, BAV—7R% R
T5., BAV—7H3 {3, —4, -5} LB X741y K e R %Ko 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 the answer sheet.

[Q1] Let ¢ and s represent the time variable and the Laplace transform variable, respectively.
Consider a system represented by the transfer function

C

Pls) = —
(5) s24+as—+b’

a>0,b>0,c>0.
When the input u;(t) = sin(¢) is applied to the system, the output w;(¢) in the steady state
is obtained as shown in Fig. 1(a). Similarly, the output y»(¢) in the steady state against the
input wus(t) = sin(2t) is shown in Fig. 1(b). In Fig. 1(a), the vertical dotted lines clarify the
relative position of the two curves, and the symbol // indicates equal intervals. For P(s), we
consider the closed-loop system of Fig. 1(c), where r is the reference, u is the control input,
e is the error, and K is a static gain. Answer the following questions:

(1) Determine the values of a,b, and ¢ in the transfer function P(s).

(2) Find the range of K that guarantees the stability of the closed-loop system of Fig. 1(c).

(3) Find the minimum K such that the absolute value of the steady-state error is less than

or equal to 0.01 for the unit step reference input in Fig. 1(c).

1 second 1 second
Fig. 1(a) Fig. 1(b)
r + e U Y

Fig. 1(c)
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Select 2 fields out of the 5 fields and answer the questions. Use a set of answer sheets
for each of the fields you selected and use an answer sheet for each question.

[Q2] Consider the system G represented by the following state space equations:

. {x'(t) = Ax(t) + Bu(t),

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

A=| 0o o 1|,B=1]0 ,O=[101]
9 _5 _4 1

Here, t is the time variable, z(t) stands for the state, u(t) stands for the input, and y(t)

stands for the output. Answer the following questions.

(1) Find the transfer function of the system G.
(2) Show that the pair (A, C') is observable.

(3) Let y1(t) (t > 0) denote the output corresponding to the initial state #(0) = [10 1]" and
the input u(t) = 0 (¢t > 0). Moreover, let yo(t) (t > 0) denote the output corresponding
to the initial state 2(0) = [0 0 1 |7 and the input u(¢) = 1 (¢ > 0). Furthermore, let
y3(t) (t > 0) denote the output corresponding to the initial state 2(0) = [ =1 0 1] and
the input u(t) = 2 (¢t > 0). Represent y3(t) by using y;(¢) and yo(%).

(4) Let us construct a closed-loop system by applying the state feedback u(t) = Kx(t) with
a gain K € R”3. Find K € RY? such that the closed-loop poles are {—3, —4, —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.

D.

il
A

[(FERE BT ]
D (1], [M2] &AL, MERISERDE Y EMERTZRHAT S 2 L.

()

X

[fH 1] EHEOFEERZ &35, LTOFMIZEZ K.

(D) K LIZRT IS, xBl bR x=68/2 IZHFEETHEM Q L xfli EOS x=-6/2 1217

S =

ETLEM —Q CLA2BIMBF42E25. ZOBZMHIC L DEIIMF-E— A L
FORKEEIM 1Z, M=Q86 THZOI, KA O L EEE r72 Bz 5 P OLE TOE
1%, McosO /(Ameyr) L £T LN TES., 22T, 6 1%, x #EOmXIcx9 2% 0P
DREEEEY OB THY, r>6LT5. ZOBSIBICLDA P COERD r JH)

iy Er BEONOTTMESY Eg % g9, M, 1,0 ZHWTHRE.
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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.

Wiz, H21ZRTE90, R RO I PEEFIZCHIGEEE XD, 72171, BK1oF
ZEFEMOEL, BR1DOELS (x =0) (Z—ERAREMNEE+p, OBEM T, £y (x<0) 1F—
BR 72 FEAN S E —py DFEAN Tl 72 STV 5.

Q) K1 DFomEWEND R L&, BR1IE, FAOICALET HEAMG - & A2 bn
TE5., ZOZEEFHALT, BR1OMEK h<x<h+Ah OIEER &, FEIK —h — AR <
x < —h ODEEBHIMELBELRMGFE—A L FORESERD X, 72721, 0<h<R,,
Ah K htd 5.

Q)R 1 ORBRMICLDEBBLZIMBFET—A L FOKREE MytmEa%z L. £/, (0yz) =
(Ry,0,0) DIETOEROREIZEZ L. 72720, Ry >R T 5.

(4) BR 1 LI3BNS, B8 R,ODER 2B B LY A EHB 2 5. B2 O .0E(x,y,2) = (R,0,0)IZ[FHE
ST, U, B2 0¥ (x=R) X —kAREMBE4p, DER T, L4
(x <R) 1T MR BEMBE—p, DBEM CTIHT-ENTWND., ZOIREMNS, EFBMA y=>0
OfEIKIZ, AEMS y<0 OFERICHEAET DX I, K 2 2RI DICHELH
% &£0,M,R,p5, R, ZHWTEHE. 72721, R> R, R, T 5.
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Select 2 fields out of the 5 fields and answer the questions. Use a set of answer sheets
for each of the fields you selected and use an answer sheet for each question.

([ 2] X3 @ arnd Lo, BEEOEHRABLOBREERIZEINL TS, EfA
& B iXE bIZ x-y FEAN T y S EATICR 2, 26 0F DT ZENZEiILx =0 B LY
x=d OMEIZEEINTND. K3 (D) IrT LI, 2 RKOEHROWmEIZMAETHY, %
DYRITEHBIZaTHD., ZNHDOERIC, KRESIDELIAMEOERI 2 L. &
EOBEWRITI ug T 5. £z, d>»>a &7T 5.

(1) BIRNERER R DRI TV DIGEEB XD, x-y FHRNTO x =7 28T 5%
WEEOREIEZRDL. 72770, a<r<d-a tT5%.

Q) (NDHEITENT, x-y FHND a<x<d—-aBLOP0<y<I TERINIHEKS ZHEL
WRORESZRD I, £z, B A L BOOLRIFEERBOBMESYZVoHACA
VET R A ERD L.

(3) Wiz, BIATEBERNTIZ —RRIZHEN TV DHEARICONTE LS. EHRAICHNTNDHE
MAERANDx =7 (0<r <a) DMEITMEIHMRBEEDORE S E2RKD K.

@) Q)DHBEICBNWT, BRADONEA 27 2 A kR K.

(5) QDLEITHB T, B A & BOORAFEEBKOEMNEIYT-VORACA VX T X
AzRD K.

yA
EiRETE
] b .
_>
l 77777777777777
_}— m8EiS
0 d g
BIRA EIRB
(a) (b)

X 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.
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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 (Question 1, Question 2). Make sure to specify the selected

field and the corresponding question number on the answer sheet.

[Question 1] The electrical permittivity of vacuum is &,. Answer the following questions.

(1) Consider an electric dipole, which consists of an electric charge Q at the point x = §/2 on the x-
axis and an electric charge —Q at the point x = —§/2 on the x-axis as shown in Fig. 1. The
magnitude of the electric dipole moment due to this electric dipole, M, is given by M = Q4§, and the
electric potential at a point P due to this electric dipole is given by M cos 6 /(4me,r?). Here, OP =
r, 6 is the counterclockwise angle of the OP with respect to the positive direction of x-axis, and r >
8. Express the r-component of the electric field, E,., and the 8-component of the electric field, Eg,

with gy, M, 1, 6.

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.

Next, consider the case where Sphere 1 with radius R4, is in vacuum as shown in Fig. 2. Here, the center
of Sphere 1 is at the origin O, the right half of Sphere 1 (x > 0) is filled with uniform electric charge

density +p;, and the left half of Sphere 1 (x < 0) is filled with uniform electric charge density —p;.

(2) Observing Sphere 1 from a point far enough away, Sphere 1 can be regarded as the electric dipole
placed at the origin O. Using this, show the magnitude of the electric dipole moment due to the
positive charges of Sphere 1 within the region h < x < h + Ah and the negative charges of Sphere
1 within the region —h — Ah < x < —h. Here, 0 < h < R; and Ah < h.

(3) Answer the magnitude of the electric dipole moment due to all the charges of Sphere 1, M, and the
direction. Also, answer the magnitude of the electric field at the point (x,y,z) = (R,, 0,0). Here,
Ry > R;.

(4) In addition to Sphere 1, consider Sphere 2 with radius R,, whose center is fixed at the point
(x,v,z) = (R,0,0). In the initial state, the right half of Sphere 2 (x = R) is filled with uniform
electric charge density +p,, and the left half of Sphere 2 (x < R) is filled with uniform electric
charge density —p,. Express the work with gy, My, R, p,, R, required to rotate Sphere 2 from the
initial state to the state such that the positive charges are in the region y > 0 and the negative charges
are in the region y < 0. Here, R > Ry, R,.
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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.

[Question 2] As shown in Fig. 3 (a), infinitely long conducting wires A and B are placed in vacuum. Both
wires A and B are kept in the x-y plane parallel to y-axis, with their central axes fixed along at positions
x = 0 and x = d, respectively. As shown in Fig. 3 (b), the cross-section of each conducting wire is
circular shape of radius a. Currents of equal magnitude but opposite direction, I, flow through these
wires. The permeability of vacuum is py. Assume that d > a.

(1) Consider the case where the currents flow uniformly only on the surfaces of the wires. Find the
magnitude of the magnetic flux density at x = r in the x-y plane. Here,a <r < d — a.

(2) In the case of (1), find the magnitude of the magnetic flux passing through the area S defined by a <
x<d-—aand 0 <y <!in the x-y plane. Find the self-inductance of a unit length of the two
conducting wires A and B.

(3) Next, consider the case where the currents flow uniformly inside the conducting wires. Find the
magnitude of the magnetic flux density at x = r (0 < r < a) inside conducting wire A due to the
current flowing through conducting wire A itself.

(4) In the case of (3), find the internal inductance of conducting wire A.

(5) In the case of (3), find the self-inductance of a unit length of the two conducting wires A and B.

cross-sectional view of
a conducting wire

1 2 :

| areaS

v

0 d X

conducting conducting
wire A wire B

(a) (b)
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.
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for each of the fields you selected and use an answer sheet for each question.

E. [PFEART A 2508]
Ko (1], [M2] &AL, BEMBISERDE Y L MERTZHAT S L.

[F 1]

RDEDBEZANF — - NV FEEE D OPERA B CICT 2 TiloRMIcEZ L. #2720, %
NEFNDOZFANLF— - Ny FRoWEs L OO 27 — 33T L L, A, B, COHMBEETOF
Y E R o1k, TTEL W,

TRLF— TRV F— TRILF—

fREH;
\ = e \/Uv;%% \ /\/
/ T / T / T

(1) ZEHIHIESIA NS O SN d DDJEICF DX4ET A, B, CREZ L.
(2) HEBFOEMEELEVWDDOLLEWD DDIHICZEDHLRTA B, C2E % L.

(3) PEARAOHHETOEWEREZ m*L T2, ADHHETFOBHIE u%, m* 1. BAE
T,

q%

HEHH

(4) 38R A B CICH—DOBEB R EXHML. HHETOFY 7 FHEARZWDIDOLL/NI 0D
DDNEICZ DA A, B, CHEZ L.

(5) PB4 ZRE 20cm, WA 1.0cm® OFRICHIT L, HEOMLGORICERMAE 5.0V ZHML 7.
HHEE T 2EO 2 S ~ET T 20 BES 2H2& 2 k. 270, HHETOBEE
% 0.14m*Vs & § 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.

[Ri2]

KX U 220 PN A OFEBHRIETONY R & BRBESAE LTS, E,
Ey, Egl¥ZFNnZicilams T, fME# i, 72 I L~V OBE T fLF—2RL
TWA., NBEI Y afilé PRI Y o AMNZTER SN EZ B DM Z ZNENW,, Wyt
L, NI ) avp RFP—BEZNy, PRI a7 77 ZEKEEZN, T 5. U=
VDO ERYre, BEREREqE LT, LTFTOMWIEZ L.

N& ¢ PE

ezm

%T qNp
=
[
_qNA _________________

(DD EHITNBIY 2 ANDZEZ g D% A ZxlhZ LV, x=0ICBWVWTE; =0&
T5. HlziE, 0<x <WplZBWTE; = q”" X2V SO, W < x < Wp+WRIZH T
HE.DRXEHZ, PN%/\O)V\])&“ﬂ?qua}WD, Wa, Np, N, & qCHEH.

(2) %ﬁq}@%{iﬁ)%, qNDWD = qNAWAZ)‘SEE D iz/) qNDWD = CINAWA = Q, WD + WA ==
WE LT, WaEW, Q, eCTHE.

(3) ) OXXHFICFHFHDOX A HWNT, Q&EW, Np, Ny, qTHEE. X522 OfER%ZFIH
LTW%V,, Np, N, & qTHRHE.

WONABI ) a v Z2REHEL L TP ALY 3 (CADBE-V WV >0)EHMLEE X, =2
JBIXIEAN D 8k B inELT. it%@H#@W%V, Vo, Np, Na, & qTHEHE.
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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 the answer sheet.

[Q1]

Answer the following questions concerning semiconductors 4, B, and C, having the energy band
structures shown below. Here, the scales of the horizontal and vertical axes in the respective energy band
diagrams are identical, and the mean free time of free electrons 7 is all the same for the semiconductors
A, B, and C.

Energy Energy Energy Conduction band

\ Conduction band \/ \Co@ band \ /\/
/ \ Valence band / \Valence band / \Valence band

Wave number Wave number Wave number

A B C

(1) Give their names A4, B, and C in order from the widest to the narrowest in the energy band gap.

(2) Give their names A, B, and C in order from the heaviest to the lightest in the effective mass of free
electrons.

(3) Assume that the effective mass of free electrons of the semiconductor A4 is m*. Give an equation for
the mobility of free electrons u in A using m*, 7, and the elementary charge g.

(4) An identical electric field E is applied to semiconductors 4, B, and C. Give their names 4, B, and C
in order from the largest to the smallest in the free electron drift velocity.

(5) The semiconductor A is cut into a rod with a length of 20 cm and a cross section of 1.0 cm?, and a
potential difference of 5.0 V is applied between both ends. Evaluate the traveling time of an electron
from one end to the other end of the rod. Here, the mobility of free electrons is 0.14 m*/Vs.
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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]

The figure shows the band diagram and the charge density distribution of a silicon PN junction
under the equilibrium condition, where E¢, Ey, and Ef are the electron energies of the conduction
band edge, the valence band edge, and the Fermi level, respectively. The donor concentration in the
N-type silicon is N and the acceptor concentration in the P-type silicon is Ny. Let the dielectric
constant of silicon be € and the elementary charge be q. Answer the following questions.

N-type : P-type

Depletion/Vi_
; layer i 5

Electron energy

2

g qNp

el » X
%0 0 Whp Wp + Wy

5 TqNAL--oooo e

(1) Taking the x-axis with respect to the depletion layer edge in the N-type silicon as shown in the
figure, Ec = 0 is assumed at x = 0. For example, E. can be expressed as E; = qZIZD x? for 0 <

x < Wp. Express the built-in potential of the PN junction V}, in terms of Wy, Wy, Np, Ny, €, and q,
by considering the expression of E¢ for Wp < x < Wp+Wj,.

(2) Due to the charge neutrality, gNpWp = qNy,W,. By defining Q and W as gNpWp = gNy W, =
Q and Wp + W, = W, express V}, using W, Q, and ¢.

(3) Using the equations written in (2), express Q using W, Np, N, and q. Then, using the answer
of (2), express W using V, N, Ny, €,and q.

(4) Write whether the depletion layer widens or narrows when a negative voltage =V (V > 0) is
applied to the P-type silicon with respect to the N-type silicon. In this case, also express W using

V, VblND'NAi g, and q.



