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Mathematics 2 (Primarily from the fields of “Vector, Matrix,

Eigenvalue (Linear Algebra)” and “Curve and
Surface”)

Answer both Questions I and II.

1. Real symmetric matrices 4 and B are defined as follows:

7 =2 1
A= (—2 10 —2) . (D
1 -2 7

5 -1 -1
B = (—1 5 —1) . (2)
-1 -1 5
1. Obtain AB .

Matrices 4 and B defined as Equations (1) and (2) satisfy AB = BA .

2, In general, two real symmetric matrices that are commutative for
multiplication are simultaneously diagonalizable. Prove this for the case where
all the gigenvalues are mutually different.

3. Suppose a three-dimensional real vector ¥ whose norm is 1 is an
eigenvector of A in Equation (1) corresponding to an eigenvalue a as well as
an eigenvector of B in Equation (2) corresponding to an eigenvalue b . That
is, Av=dv , Bv=»bv , and [v]l =1 . Obtain all the sets of
(v,a,b) .

Continued on a later page.
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I1. Answer the following questions concerning the curved surface given by Equation (3)
in the Cartesian coordinate system xyz . Note that m” indicates transpose of m .

zZ=y
7z 0 €)

fG,v.2) =2(x2+y* +2z*) +4yz +

1. When the function f(x,y,2) is expressed in the following form, derive the

by
real symmetric matrix A of order 3 and the vector b = (bz) :
bs

X X
fyz)=X Y 2)A4 (y) +2bT (y) : @

¥4 Z

14

2. Suppose that the matrix A derived in Question I1.1 is diagonalized as
A =PTDP using an orthogonal matrix P of order 3 and a diagonal matrix
D , which is given by Equation (5):

-/ dy 00
D=(0 d, 0). . (5)
0 0 ds

Obtain a setof P and D satisfying dy = d, = d3 .

3. Express the function f using X, Y, and Z, obtained by applying the

X X

coordinate transformation defined by (Y) = P(y), using P derived in
A ¥4

Question I1.2.

4. Consider a region surrounded by the curved surface given by Equation (3) and
a plane defined by y —z — v'Z = 0 . Obtain the volume of this region.
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2022

The Graduate School Entrance Examination

Mathematics 2

Primarily from the fields of

“Vector, Matrix, Eigenvalue (Linear Algebra)

and “Curve and Surface”

Answer Time 40 minutes

GENERAL INSTRUCTIONS

1. Do not open the problem booklet until the start of the examination is announced. ,

2. Notify your proctor if you find any printing or production errors.

3. The problems are described in Japanese on pages 2-4 and in English on pages 8-10.

4, Answer all questions.

5. 2 answer sheets are given. Use one answer sheet for each Question (I and II). You may use

the reverse side if necessary.
6. Write the question number (I or II) that you answer on the answer sheet in the upper left
box. .
Fill in your examineé number in the designated place at the top of each answer sheet,
Answers must be written in Japanese or English.
You may use the blank pages of the problem booklet for drafts without detaching them.
10. Any answer sheet with marks or symbols irrelevant to your answers is considered to be
invalid.

11. You may not take the booklet or answer sheets with you after the examination.

Examinee Number | No.

Write your examinee number in the space provided above.
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