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The Graduate School Entrance Examination
Mathematics 2 (Primarily from the field of Linear Algebra)
Problem Number M2

Answer Time 40 minutes

GENERAL INSTRUCTIONS

1. Do not look at the Problems until the start of the examination has been announced.
2. Use 6 Answer Sheets and 2 Draft Sheets.
3. Do not use the back faces of the Answer Sheets or the Draft Sheets.

4. Fill in your examinee number in the designated places at the top of all the Answer
Sheets and the Draft Sheets.

5. Answers must be written in Japanese or English.
6. Answers must be marked within the solid frame on the Answer Sheets.

7. Any Answer Sheet with marks or symbols irrelevant to your answers is considered to
be invalid.

8. The Problems are described in Japanese on pages 3-4 and in English on pages 5-6.

9. Scrolling, expansion and reduction of the Problems are permitted. Keyboard
operation is prohibited.

» Show the derivation processes as well as the results.

» Continue the answer even if network trouble occurs.







¥} 2 (XTHREBERED

fIT, I, I OFT XTITEZ L,

I. RDIT%] A IZETHLUTFORWIZE 2 &,
0 3 0
A::<—3 0 4) (1)
0 —4 0

LT, TIX3AT3%OHEAITH, 0 134T 3FDFEITITHDY,
n X 0L LD, t 1TFEKET 5,

1. A OBEAFMHE T ITRD &,
2. A NHT=THkDX

A3+ aA®’+bA+cl=0 (2)

OD,f?Tﬁi& a, b, C %ﬁ&)cﬁo
3. AT Aok X,
4. KQODOEERH DD, WDKK Y LD,

exp (tA) = pA? + qA+ 7l (3)

B p, o q v &, t EHVTEEBEMNEZE ERWVWETEY,




1. 21D EHIC2ODIRE A, B 2HERVWICERE T HBERIEM O v
AT AhEERD, BAEMHZ0IIREE A 225 B ICEBRT D HERIE
a, IREEB DL AICERBT LRI p THs, 272 L, 0<a<l,
0<p<1 45, £/, 2% n BLXO k 1IBERO A %2 % L,
0Ll Lo LT 5,

B

X 2.1

uT@Fﬂﬂb\L:%iio
1. BEZ niCTIREEA THDHMEREZ Py(n), FEZ n IZIREEB TH 5
ik Pam, P =(20) s, 115 M T

Pg(n)
Pn+1)=MP(n) tE L&, M % a, f ZHWTHRYE,

2. 175 M OF S TOEAMEE BT 2EESY Mk
sk k.,

3. tARVWEMO®E, RE A THLHMRLIRE B TH DRI
—EMEICRT 5, ThThOMEEZRD X,

4. RA(n)=PA(n)—llg£10PA(k) kj—‘éo RA(n+1) 75_} RA(TL) %)EHI/\T
K,

. ~7 hVZER/ V IZBWT, X7 Mlay, ag, ..., @y 25 1 RIMSL T
HbHETDH, L, mII3UEOEKRLET D, DL X, a+a,y,
a, +as, .., Qu_q+ay,, a,+a; B 1RMLERDTZDIT, m B
TREF ML R,



Mathematics 2 (Primarily from the field of Linear Algebra)

Answer all Questions I, Il and I11.

I. Answer the following questions concerning the matrix A given by
0 3 0
A= <—3 0 4) : (1)
0 -4 0

In the following, I is the 3x3 identity matrix, O is the 3x3 zero matrix, n is an
integer greater than or equal to O and t is a real number.

1. Obtain all eigenvalues of the matrix A.

2. Find coefficients a, b and c of the following equation satisfied by A :
A3 +aA?+bA+cl=0. (2)
3. Obtain A"+t
4. Since Equation (2) is satisfied, the following equation holds:
exp(tA) = pA?> + qA + 1l (3)

Express coefficients p, g and r in terms of t without using the imaginary
unit.

Continued on the next page.




I1. Consider a discrete-time system where stochastic transitions between the two states
(A and B) occur as shown in Figure 2.1. The transition probability in unit time from
the state A to B is a and from the state B to Ais f. Note that 0 < @ < 1 and
0 <pB < 1. Variables n and k represent discrete time and are integers greater than

orequal to 0.
- a -
B

Figure 2.1
Answer the following questions.

1. Let Po(n) be the probability that the state is A at time n and Pg(n) be the
Pp(n)

probability that the state is B at time n. Let P(n) =<
Pg(n)

) . Express

matrix M using a and S, assuming P(n+ 1) = MP(n).
2. Obtain all eigenvalues and the corresponding eigenvectors of matrix M.

3. As time tends towards infinity, the probability that the state is A and the
probability that the state is B converge towards constant values. Obtain each
value.

4. Assume Rp(n) = Py(n) — zlim Po(k). Express Rp(n+1) by using
RA(n) .

I1l. Assume vectors a,, a,, ... , a,, are linearly independent in a vector space V,
where m is an integer greater than or equal to 3. Obtain the condition that m must
satisfy in order for a, + a,, a, +as, ..., a,,_; + a,, and a,, + a, tobe linearly
independent.
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