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2022 Entrance Examination
Master Course in Mathematics, Division of Mathematics and Mathematical

Sciences, Graduate School of Science, Kyoto University

%R’%*jr H Basic Mathematics

© D5 (6] F TORMEMEE L.
Answer all questions from [1] to [6].

O fRERHEIX 3300 TH5.

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

© MEIFHAESIVCEETEINTVS., MEIFHAGEEZIIHEELE L S0
THLZ L.

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

written either in Japanese or in English.

© BEE- ) — NME- B - PHET - WS - SO/ L AL BIL T
5. FRESNMYELIZELS Z 2.

It is not allowed to refer to any textbooks, notebooks, calculators, cell phones,
information devices or clocks and watches during the examination. They have to

be kept in the designated area.

I: /\f %_i ] Instructions

1. fEROH 5 X THEMF 2PN &,

Do not open this sheet until instructed to do so.

2. BEAM - TEHMOTATIZ, ZFS - KEAZTLEAE L.

Write your name and applicant number in each answer sheet and draft /calculation

sheet.
3. WRESIXIIBS & 12 B SRR T, TR B 45 2 AR D F I 70 A
L.

Use a separate answer sheet for each problem and write the problem number
within the box on the sheet.



4. 1H% 2MPA EIZh 72> TRET 2 L &1k, DDOEDH B T & &AM T
R LU TIROJIRICHE S Z L.
If you need more than one answer sheet for a problem, you may continue to
the next sheet. If you do so, indicate clearly at the bottom of the page that

there is a continuation.

5. IRHOEIZ, ESEHEMMK (MERSIE), FHEHMONICEHRD, ;AL
ZHZMIUT—FELU T2 DIC L THRHET 5 Z £, When handing your
exam to the proctor, stack answer sheets (in the order of question numbers)
followed by the draft/calculation sheets. Fold the stack in half with the
filled-in side facing outward.

6. Z DRFEMFI3F bR > TLW.
You may keep this problem sheet.

|: gﬂ —’I:?' ] Notation

DFOMET Z, Q, R, C ldzhzh, BHOEK, GHEBOREK, EHORRE,
BEBORNEERT.
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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English version follows.

RDIEEED PP T B & 5 7058 a DHIPHZ KD XK.

// i dxdy.
1+ /2% +y? — x)* (2% + ¢?)°
272U, D={(z,y) eR*|z2>0,y>0, 22 +¢y* > 1} £ T 5.

V 2R MNVZERIE U, v, v, v3, 04 2 V D 1IN 7R ML ET B,
acRIZHL
Wy = UV — Uy + U3
wy = v+ (a—1)vy +v3 — avy
w3y = 201 — 2uy + (a+ 2)vs
wy= v —va+v3+ (a+ 1)y
Bl
(1) wy, wo, w3, wy DX VIR EIRD K D70 a DFEMFZEKD K.
(2) wy, wo, ws, wy D VIRWEBE 722 a T U, wi, wy, ws, wy THEMI N
5V DEBGT AR (wy, wa, w3, wy) DIRTG%Z KD K.

7 —~VBEG =727 x )3T x T/3Z x LJAZ DEHEE H %
H = {(a,b,0,0)|a € Z/2Z,b € Z./3Z}

ETHLE, GOMNBI2OHNEHEK CG=K+H& 55008 %2KRD
X. =L
K+H={a+placK,fec H}

ThH5.
R CTREH I 7%
f(m):/ |z + tsint|e "dt
0
EERIMEZFFD Z & Z2RH.
IRDIRFER D 23K L.

/°° 23sinz p
oo (24 1)2 v
=271y RZEHE R OE 20 X %

X ={(z,y,z,w) eR' 2 + ¢y + 22 +w? =1, 2° +y° + 2° + v’ = 0}
TEDD. ZODL X XIEA VNI NS ARESHIATH 5 Z L 2RE.



Find all real numbers a, for which the improper integral

)
dxdy
//D (14 /22 4+ y? — x)?(2? 4 y?)°
converges. Here, D = {(z,y) e R?| 2 >0, y > 0, 2* +¢y*> > 1}.

Let V be an R-vector space and let vy, vy, v3, v4 be linearly independent
vectors in V. For a € R, we put:
wyp = UV — Vg + U3
wy = v+ (a— 1)vy +v3 — avy
w3y = 201 — 2vy + (a + 2)vs
wy = vy —vy+v3+ (a+ 1)vy.
(1) Determine all possible a for which wy, ws, ws, wy are linearly indepen-
dent.

(2) For a such that wy, wsy, ws, wy are linearly dependent, determine the
dimension of the subspace of V', (wy, wq, w3, wy) generated by wy, wo,

w3, Wy.

Let H be the subgroup
H ={(a,b,0,0)|a € Z/2Z,b € Z/3Z}

of the abelian group G = Z/27Z x Z/37Z x Z/3Z x Z/AZ. Determine the
number of subgroups K of GG of order 12 satistying G = K + H, where

K+H={a+placK,pec H}.

Show that the function
f(z) = / |z + tsintle "dt
0
defined on R admits a minimum value.

Find the value of the improper integral
* pdsinx
———dz.
[

Let X be the subspace of the Euclidean space R* defined by
X ={(x,y,zw) eR'|2® + 3 + 22 + 0 =1, 2° +4° + 2° + v’ = 0},

Show that X is a compact differentiable manifold.



