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Applied Mathematics
Examination Booklet
Entrance Examination

for Master Course of Engineering,
Graduate School of Sciences and

Technology for Innovation, Yamaguchi University

2nd Enrollment Session for April 2026

Regarding the examination booklet

1.

2.

After starting the examination, fill out your examinee’s number in the desig-
nated field on this booklet.
At the end of the examination, this booklet will be collected.

Regarding problem selection

1.
2.

Problems 1 to 4 are compulsory.

Problems 5 and 6 are elective. Select one and solve it along with the four
compulsory problems.

Write the problem number of the elective problem you selected in the desig-

nated field on your answer sheet.

Regarding problem notation

1.

3.
4.

Numbers enclosed in dashed lines represent numbers that have appeared pre-

viously. For example, the answer for ' 3 | is the same as for .

. For mathematical expressions, L-e;ri-tigls ( ). For example, if

equals —z — 1, then 2% — equals 22 — (—x — 1).
R represents the whole set of real numbers.

log = is the natural logarithm of z, namely, the logarithm log,  on base e.

Regarding the answer sheet

1.

Select the most appropriate answer from the specified answer choices, and
write the answer symbol (for example (0) (@) in the designated field on your

answer sheet. However, if there is no appropriate answer, write (i) instead.

Examinee’s No.




Problem 1 Consider the function
flz,y) = 22" + 2zy + o~

The equation of the tangent plane to the graph of z = f(z,y) at the point
(1,1, f(1,1)) is

(e[ 2]y-2=[3]

— Answer Choices | 1 |~[ 3 |
@1 O-1 ®2 (6-2 O3 06 -3
®4 (@O-4 ®5 @®-5 @6 G —6
@7 @-7 8 @®-8 @9 ®-9
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Problem 2 Letaandbbe positive constants. We evaluate the value of the double integral

1= // xy dxdy
D

over the region D in the zy-plane given by

xQ y2
D={<x,y>‘§+b—2§1, vz, 420},

By making change of variables x = arcosf and y = brsin @, the region E in

terms of (r,6),

E:{(T,G)‘Oéré [1], 0<0% }

corresponds to D. Furthermore, the Jacobian determinant of the transfor-

mation is
or o
or 00
= -3 .
9y oy
or 00

Hence it follows that

I:// sin @ cos 0 drdf = .
E
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ab

© 0 @ ab @?
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Problem 3 We investigate whether the following three column vectors on the 3-

dimensional real vector space R3,

1 3 5
a; — 1 s as — 4 5 as — 7 N
1 5 9

are linearly independent. To do so, we consider the equation
ci1a1 + caaz +czaz =0

with unknowns ¢y, co, c3. This leads to the system of linear equations

c1 + 362 + 563 = O,
ct + 4es + Tes = 0,
ct + b5cs + 93 = 0.

Solving this system, we obtain

C1 1
co | =t (t is an arbitrary constant).
s

In particular, by setting ¢ = 1, we find that
ar+ {1 ja+ [ 2 jaz=0

holds. Hence the vectors aq, a2, a3 are .

— Answer Choices .
@0 ©1 @ 2 ® 3 @ 4 ® 5

®-1 ®2 ®-3 ®-4 @5




Answer Choices

(0 linearly independent () linearly dependent

(@ neither linearly independent nor linearly dependent




1 1
Problem 4 Consider the diagonalization of matrix A = ( 5 0 ) )

(1) Let Ay and A2 be the eigenvalues of A with A\; < Ao. Then we have

A de)=1[ 1],

—1
In this case, we can take an eigenvector u = (

> corresponding
) corresponding to As.

(2) Let P be the matrix whose first and second columns are the eigenvectors

to A1, and an eigenvector v = (

u and v obtained in (1), respectively. Namely, P is given by

-1 1
PZWW:({@T rgz)

........

Then P~1AP is a diagonal matrix, and its (2, 2)-entry is :

Answer Choices
© (0, 1) ® (1,2) ® (1,3) ® (2, 3)

@ (_17 1) @ (_17 2) @ (_17 3) @ (_27 3)

Answer Choices ~
© 0

® 1 @ 2 ® 3 @ 4 ® 5
®-1 ®-2 ©®®-3 @®-4 -5
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d d?
Note. y is a function of x. The derivatives d—y and d_g are denoted by 3" and y”,
x x

respectively.

Problem 5 Consider the solution y(z) of the differential equation
(%) y' — 2y + 2y = 227
with the initial conditions

(%) y(0) =0 and ¢'(0)=0.

(1) The general solution yj, of the homogeneous equation corresponding to
(*), namely
y' =2y +2y =0,
is given by

yn=[ 1]

with arbitrary constants C7 and Cs.

— Answer Choices

Cicosz + Cysinx x(Cycosx + Cysinz)

e’ (Cycosz + Cysinx) e “(Cycosx + Cysinx)

Ci + Cye” Ci + Che™™

®@ ® ®
Q ® ©® O

(01 + 02113)636 (01 + CzI)G_x

(2) We find a particular solution of (x) that can be written as

yp:am2+ba7+c

with constants a, b, ¢. This leads to a = , b= , C= .

9



(3) The general solution of (x) is
Y=Yn+ Yp-

Therefore, the constants C; and Cy that satisfy the initial conditions

(xx) are

01: and CQZEI

Answer Choices ~|I|
@0 1 @ 2 ® 3 @ 4

®-1 ®-2 @-3 ©-4
3 5
®, @5 ®5 O

1 3 o 7
@-3 ©@- @-2 @ -3
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Note. Let P(A) denote the probability of an event A.

1 1
Problem 6 Let A and B be two events, and suppose that P(A) = 3 and P(B) = 3
Let P(B|A) be the conditional probability of B under A, and suppose that
1
P(B|A) = r

(1) Events A and B are .
(2) P(ANB)= and P(AUB) = | 3 |.

1
(3) When event C satisfies P(C) = 3 and AN B C C, then

P(AnB|C)=[4].

—  Answer Choices

(0 independent (O dependent (not independent)

(@ neither independent nor dependent

Answer Choices ~
1 1 2
0 1 @5 @g @g
1 3 1 2 3 4
1 97 035 ©®©35 035 @3
1 5) 1 5) 7 11
Vg O @0 O O3 ©Wgn
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(Fill the answer column with the symbol, not the value or formula.)
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fll 2 (Problem 2) fis : 25 5 (Score allocation: 25 points)

1 2 3 4 )
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