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2027 Entrance Examination (Mathematics Course/Mathematical Sciences Course)
Master’s Program, Division of Mathematics and Mathematical Sciences, Kyoto University

%F%*J‘ E Basic Mathematics
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There are 7 problems. Applicants to the Mathematics Course (¥(*#3&) should answer
the 6 problems ~ @ Applicants to the Mathematical Sciences Course (BEEEHTR)
should answer the 5 problems ~ , and also one problem from @, . (Applicants to
either the Mathematics Course or the Mathematical Sciences Course should only answer 6
problems in total, and applicants to both courses should answer 6 or 7 problems in total,

depending on their choice.) Write the problem numbers you choose on the selection sheet.

O MERRNZ 3307 TH3.

The duration of the examination is 3 hours and 30 minutes.

O MERHAEBIVOFEETEINTVS., BEEIHAEZZIZEELLLNTEL Z
e.

The problems are given both in Japanese and in English. The answers should be written

either in Japanese or in English.

O ZEE -/ — M- EH - R E - S - KEtFORbIAARRK ik 52, 15
ESNIMAPEIHICEL Z L.

It is not allowed to refer to any textbooks, notebooks, calculators, cell phones, information
devices or personal watches/clocks during the examination. Such materials and devices

must be kept in the designated area.
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[EE&] Instructions

1. FER0d 3 FTHEXE Rxnwz k.
Do not look at the problems until it is permitted by the proctor.

2. BLEAM - FEAROITRTIZ, ZBES - KA AE K.

Write your name and the applicant number on each answer sheet and each draft /calculation
sheet.

3. B IMEZ L ICHIOBERHRE Vv, BERES 2 SEZABOBMICHEAE X.
Use a separate answer sheet for each problem and, on each sheet, write the number
of the problem being attempted within the box.

4. 178 2RI EICHO> TRE T2 L &, 2020 H 23 Z & 2 K TmICHRL T
ROFHMIHES Z L.
If you need more than one answer sheet for a problem, you may continue to an
additional answer sheet (or more). If you do so, indicate clearly at the bottom of the

sheet that there is a continuation.

5. RH DB, £ o R E, BRAR (FERSIH), PEAMROIEICER, SLA L2
ZHC LT LT DI hICLTIRET 2 2 L.
When handing in your exam to the proctor, stack your selection sheet and answer
sheets (ordered by problem number), followed by the draft/calculation sheets. Fold
the stack in half, with the filled-in side facing outward.

6. ZDOMEMFIEFRBIR > T X,
You may keep this problem sheet.

[%E%:I Notation

FoOMET 7, Q R, Clidzheh, BRoORAKDES, AHMORAKDES, o2
KOERE, BEBOLROEEZET.
In the problems, we denote the set of all integers by Z, the set of all rational numbers by
Q, the set of all real numbers by R and the set of all complex numbers by C.



The English translation follows.
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FE o < 3 ETID = {(2,y) e R2 | 0 <22 +9° <z +y} I L TLTED
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DIEZ KD X.
3 RIEFATH
2 11
—2a 1 2
3a 3 2

2R _ETHANMAREL 22 F o ZTRNTRD K. 7L, En KIEHFITH A B
R ETHALATRETH 2 21X, P AP 250HA1THI e 72 2 5 n KIEAHTHI P HIFAE
THIEEWVD.

V ZARIOTEB R PVZERE L, [V >V EZREERTH- T

Ker(f*) = Im(f)
ZiilzzF DTS, ZOLE, VORITI3DOEHRTH 2 Z L 2rt.
FIXH (0,00) ETERS N EBUEEREIEL f D RDEM: (x) ZHilzT T 5. Z
DEE, of(x) FEBELTH 2 Z L 2RE.
(x) IEOBE n T LT, fu(z)=nf(nz) eBL. 2O X, (0,00) LTERS N
FERMABIEL g IFAEL T, BABAN{f, )02, 1E g2 (0,00) ET—HRINR T 5.

[RFRAETT
/°° cos® Tx
—— dx
Lo Tt — 622 425
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f(cos,sinf) = (cosf,sinb,0),

g(cosf,sinf) = (1 + cosf,0,sin0)
(0<f<2m) EEL, BRo: S'xS' = %, z,yc STIIXLT

9(y) — f(=)
lg(y) — f()]

TEHKTS. ZOLE, 15(1,0,0)€ 21X o DIEAHNETH 2 Z v B, 72721, St
BREOFEREZFLETAEEIOMELE L, SPER OFEAEZFLETA2EELD
R 3 5. ifi, (1‘1,1'2,273) € RIITHLT

(21, 22, )| = \/ 2% + 23 + 23

o(x,y) =

X:{i%eﬂ?

=1

E%@iglmﬂbfme{aﬂ}

TEDS. ROa—27 Vv FIEHECED, X 2AHZEME A%T. £/, n 2 EOE
B, ai,...,a, EEE {02} DL T5. X OEEE A%

A:{igek

=1

(1, 20) = (a1,...,a,), FEFED i >niZNLTua; € {072}}

TEDL. TOLE, ADX OEELOHEATH 2 Z & ERE.



The English translation starts here.

3
Let « be a real number satisfying a < 3 For D = {(z,y) € R®* | 0 < 22 +y* < x+y},

find the value of the improper integral

// xz_y| dxdy.

Determine the real numbers a such that the 3 x 3 matrix

2 1 1
—2a 1 2
3a 3 2

is diagonalizable over R. Here, a real n x n matrix A is said to be diagonalizable over
R if there exists a real n x n regular matrix P such that P71 AP is a diagonal matrix.

Let V be a finite-dimensional complex vector space and let f: V' — V be a linear
map such that

Ker(f?) = Im(f).
Show that the dimension of V' is divisible by 3.

Let f be a real-valued continuous function on the open interval (0, c0) that satisfies
the following condition (x). Show that xf(z) is a constant function.

() For any positive integer n, let f,(xz) = nf(nz). Then there exists a real-valued
function g on (0,00) such that the sequence of functions {f,}5°, converges to g

uniformly on (0, co).

Find the value of the improper integral

/°° cos® T q
S
oo T — 622 4 25



Let f: S' — R? and ¢g: S — R® be the maps given by

f(cosf,sinf) = (cosf,sinb,0),
g(cosf,sinf) = (1 + cosf,0,sin0)

respectively for 0 < 6 < 27. Define the map ¢: S* x St — 52 by

_gly) — f(x)
oY) = o) = f@)]

for z,y € S'. Show that the point (1,0,0) € S? is a regular value of ¢. Here, S*
denotes the unit circle in R? with the center (0,0), S* denotes the unit sphere in R?
with the center (0,0,0), and we set

(1, X2, z3)|| = \/ x} + 23 + 13

for (z1, g, z3) € R3.
Define a subset X of R by

X:{i%eﬂ%

We regard X as a topological space by the Euclidean distance of R. Moreover, let n

x; € {0,2} for every i > 1 } :

be a positive integer, and let aq, ..., a, be elements of the set {0,2}. Define a subset
A of X by
A= { Z% ER| (z1,...,2,) = (a1,...,a,), x; € {0,2} for everyz'>n}.
i=1

Show that the subset A of X is open and closed.



