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2025 Entrance Examination (Mathematics Course/Mathematical Sciences
Course)
Master’s Program, Division of Mathematics and Mathematical Sciences, Kyoto

University

%E/%%Jr E Basic Mathematics
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There are 7 problems. Applicants to the Mathematics Course (£{%#%) should
answer the 6 problems ~ @ Applicants to the Mathematical Sciences Course
(BT R ) should answer the 5 problems 1] ~[5], and also one problem from 6],
. (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 choices.) Write the
problem numbers you choose on the selection sheet.
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The duration of the examination is 3 hours and 30 minutes.
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The problems are given both in Japanese and in English. The answers should be

written either in Japanese or in English.
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It is not allowed to refer to any textbooks, notebooks, calculators, cell phones,
information devices or personal watches/clocks during the examination. Such ma-

terials and devices must be kept in the designated area.
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1. #8R0d 2 ETHECE RN L.
Do not look at the problems until it is permitted by the proctor.

2. BRAMK - THEAKOTRTIZ, ZBES - KB EIEAYE L.
Write your name and the applicant number on each answer sheet and each
draft/calculation sheet.

3. BB Z 2 IS OBERARE IV, BEES 2 S ERHAROBAICEEA
XK.
Use a separate answer sheet for each problem and, on each sheet, write the
number of the problem being attempted within the box.

4. 1#%Z 22U LD o TRE ST 2 ZId, DDEFDH 5 T & A TR
IR L T ROHMICE 2 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 page that there is a continuation.
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When handing in your exam to the proctor, stack your selection sheet and an-
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swer sheets (ordered by problem number), followed by the draft/calculation
sheets. Fold the stack in half, with the filled-in side facing outward.

6. ZOMEMFIEFBR-> TXw.
You may keep this problem sheet.

[%E 7:5"] Notation

UToOMET Z, Q, R, C i3z th, BEO2IKDOES, AEHBO2IKDESR,
FRO2hOEE, BREORKROEEEERT.
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.
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The English translation follows.
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={y €[0,1] | (z,y) € K}
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(1) KX[0,1] x [0,1] DEREETEETH 2 Z L Z2mE.

(2) v € K, ZWi’z$ z € [0,1] BFET 5 Z L 2t

Bfz

1
flz,y) = 2?4 xy? — 22 + gyg
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The English translation starts here.

Let f(x) be the function on R? \ {0} defined by

1
f(@) = / dy, B={yeR||y| <1}
sz gl 1 =l ]

Here x-y is the standard inner product of z,y € R? in R?, and ||y|| = v/v - y.
Answer the following questions.

(1) Show that f(«) is a function depending only on ||z||.
(2) Find f(x).

Let a be a complex number. Define a 3 x 3 matrix A(«) by

1 « 0
Ala) = a a o«
—a—1 —2a —«a

Find all the eigenvalues of A(a). Moreover, for each eigenvalue, find the
dimension of its eigenspace.

Let A, B be complex n x n matrices. Put X = AB — BA. Assume that A
is diagonalizable and AX = X A. Prove that X equals the zero matrix.

Find all real numbers «, for which the improper integral

 ¢in® ¢
dx
0 x

converges.

Let a, b be positive real numbers with a > b > 0. Find the value of the
improper integral

/OO log x dr
o (B?+a?)(a?+0?)



Let [0,1] be the unit interval {z € R | 0 < x < 1}, and let K be a closed
subset of [0, 1] x [0,1]. For each x € [0, 1], we set

K, ={y€[0,1] | (z,y) € K}.

We suppose that K, is a non-empty connected subset of [0,1] for every
x € [0, 1]. Answer the following questions.

(1) Prove that K is a connected subset of [0, 1] x [0, 1].
(2) Prove that there exists x € [0, 1] satisfying x € K.

Define a subset D of R? by D = {(z,y) € R? | z*+y* < 2}. Define a function
fon D by

1
flz,y) = ? 4 xy? — 2x + gy?’.

Find the maximum and minimum values of the function f.



