2024 tEFE A B BIE el

SUE B RES

(EfEH : 202447 H 24 H)

K4

. 100

mRE B

AR UL 50 4 T, 4 DI, REINBEZADRE L5 L) ICETHI L. FAZNUCEZMBLRENRTT., HAFIEb L L) ITHFLTILI v,
Z OB TlE, EHTI A DITHI% det A TELET. * If you need English assistance, see the right half of page 2.

M1 ROZEM (a) 225 () ICY T E 2aEM 2 MEMICEE. [3 5 x 3]

(1) n RIEHTTH A DFifT L8 jHEZMD RN TTE S n— 1 RIEHTT
OIS, B (1) 2B b0 A0 6,5) | (a) | &
VW, a R EERT,

(2) 2KOFFHI det (a‘ B’) DL, @, b0 [ (b) | DlfikiE T
%72, 3RDFFHIR det (a’ b 5) DAL, @, b, COESL [ (¢) |o
R RT.

(a) RN (b)|  HTIAE () AT

ROBIG DI £ 72 1A 2 KD, ZOiEZ2BERMICEE, [4 5 x3]

X
0\ (2 .
(1) <7) (4) Dk 5 = AT DI

2) ;ﬁ,6>@%5mﬁmm%@@%
-1 -2 3
3) | 3|, | 6|, |-5| DE2FrrAmED R
2 —1 4
(1) 7 2) 25 (3) 20

B3 KD (1) 25 (3) 1ILDWT, GA5NAENY FAOHIEIT S
O%, BRGERYE S X%, ZAZHREMICHET, 44 x 3]

1 2 1
@2 [-2],13], -1
-1 12 1
0 1 0
3) 1|, 0], o0
0 0 1
(1) O (2) X (3) O

4. Royz 1 XA 2MT, (10 A x 3]

5lx +49y =1
49z + bly =2
1 49 51 1
2 51 A7 49 2 53
xr = = —— N y: = — .
51 49 200 , 51 49| 200,
49 51 49 51
z+y+z=1
(2) Cx+2y+32=1
z+4y+9z2=1
1 1 1 1 1 1 1 1 1
1 2 3 1 1 3 1 2 1
1 4 9 ) 1 1 9 ) 1 4 1
r= —F= , Y= = , 2 B
11 1 7 11 1 7 11 1 =
1 2 3 1 2 3 1 2 3
1 4 9 1 4 9 1 4 9

z+y+2z+w=-1
z+y+3z+2w=2

O N W NN O NWN

0

3)
20 -2y + 2z —w= -1
—rt+ytw=1
1 1 2
1 1 2
=-2THoH706,
2 -2 2 -1
-1 1 0 1
-1
112
==
2|—1
1
1
V=729
-1
1
171
z=—=
212
-1
1
w=—=
212
-1
2 0 1 -1

1 =1,
1
= -3
1 5
1
1
2
= -9 ,
1| —=
1
-1
21_ 5
1| =

B 5. ﬁmﬁ‘f § 1 ; D%, ROBETENZIRD &

-2 1 0 2

(1) % 3 71 B 2 A8 TR,

2 0 —1
1
28 +1-12 3
1 0 -1 2
10
21 0 2

—1

1
2

-0

[7 5 X 2]

2 0 -1 2 01
-1-1-4 2 1|-2-1-4 2 3

-2 1 2 -2 1

—(14+3-4)—(8+4—-4-2)—2(—4+4—6)

=56,

(2) B 25 BIT 2 AT,

2 0 1 -1

e =—0+2-
10 -1

21 0 2

MRERRHEHICEHDET.

0



6. RO 1 XABRKXDPIEAHLMRE (v =y =2=0DISNOMR) 2bOk
I REB Kk OMEERD K. [10 5]
(1-k)z+2y=0
—x+(4—-k)y=0

Z OHNL ST RRADIEAW R 2 & DA,
1—-k 2

1 4—k:0 S (—k)(4—-k)+2=0

— k2-5k+6=0.
XoT, TnzMHT, k=2 £& k:3/ EkE 2,

ﬁ7.20@%@&7wa:(ﬂ,%:&)momf%iii.kﬁu
y q

p
T#40, #0835, [(1) 35, (2),(3)5 ]

(1) L =det (f ﬁ) ZEMEY K.

L = det (17 ]7) = xq— yp//

&QMLhkﬁé.tHL,ﬁ:<g,ﬁ:<g

(2) 2ot E, LOZ{LE AL =det (' p’) —det (T p) 2K X,

AL

(z +udt)(qg+ GAt) — (y + vAt)(p + FAt) — zq + yp
= 2q + 2G At + ugAt + uG(At)?

—yp — yF At — vpAt — vF (At)? — g+ yp
(2G + uq — yF — vp) At + (uG — vF)(At)? ,

DR, |At D33/ EWEE (A <1, At #£0) 2525, DFD, (At)?
IZHBIT Iz L T,
AL = (zG 4+ uq — yF — vp) At
L35,
(3) @ & FAVFAT, Thbbdet(d p)=0ThHY, SOICF#0LT 3,
CDEE, AL=0&:%R20I123, F,GIZED L) &bzt ¢
ERVD,

AL=0¢R5DI, 2G+ug—yF —vp=0D & ¥,
22T, det (@ p)=0&D ug—vp=0%4DT, KD DEME,
G —yF =0 .

r F

=0, Z//FEHT,
y G

TEMERZ L, p2EFHEX7 L ETSEE, LIZAEEE (7 b
Dz JK5y) THY, WEEEID B 2RTEMINING, Z0LE,
@ﬁ§&7bw,ﬁ@ﬁ?%b,®)@%§:a T 1b b BRI
T B DDRIERD BREE LA B, X CHISNTYS L9, fyls)
BOREET B 7 D OEIHE, DT NTHs 2L (7T Ths C
E) TH3B,

MERU ETY.

%  ENGLISH ASSISTANCE (RELQAE, EELTLLIZEW)

NOTES:

This exam is 50 minutes long. In Question 4-7, make sure that the marker
can tell where your final results are. It is important to write down the pro-
cesses of how you get the final results, because they are also to be evaluated
(descriptive type exam).

In this exam, the determinant of a square matrix A is denoted by det A.

* You can answer the questions either in English or in Japanese.

[ 1. Fill in the blanks (a)—(c).

(1) The determinant of the (n— 1) x (n— 1) matrix, which is cut down from an
n X n matrix A by removing the i-th row and the j-th column, multiplied

by the sign (—1)"*7 is called the (i,5)| (a) |of A, and is denoted by aj;.

(2) The absolute value of a determinant of order two, det (Ei 5), is equal to the

area of the| (b) |spanned by &, b. Also, the absolute value of a deter-
minant of order three, det (6 b 6), is equal to the volume of the| (c)
spanned by d, l_;, c.

[ 2. Evaluate the following quantities. Write down your answers in the space
provided.

(1) The area of the triangle spanned by (2)’ (i)

(2) The area of the parallelogram spanned by (_4), <3)

3 4
-1 —2 3
(3) The volume of the parallelepiped spanned by | 3 |, | 6 |, | =5
2 -1 4

B 3. Write O in the space provided if the set of vectors provided is linearly
independent, and write X if linearly dependent.

[ 4. Find the solutions of the following systems of linear equations.

2 0 1 -1
. -4 2 3 1]. .
[ 5. Compute the determinant 1 0 -1 9| the following ways:
-2 1 0 2

(1) Laplace expansion along the third row.

(2) Laplace expansion along the second column.
f 6. Determine the value(s) of k, so that the system linear equations has non-
trivial solutions (solutions other than z =y = 2z = 0).

f8 7. Let us consider two vectors & = (;), p= (5) with & # 0, p# 0.

(1) Compute the determinant L = det (f ;5’)

The vectors Z, p change as

L (p o =ma,  [(p+FAt
= (1) = peperae (1)

L fu = (F
Here, © = (v) and F' = (G>

(2) Compute the difference in L, AL = det (f’ ﬁ') — det (f ﬁ).
Now, take |At| to be sufficiently small (|At| < 1, At # 0). This means that the
terms proportional to (At)? is negligible:
AL = (G +uq — yF — vp) At .

(3) Assume that @ and ' are parallele, i.e., det (Z ) = 0, and also that F+#0.
Find the condition on F', G for AL = 0.

Note that L corresponds to the angular momentum (z component) when & is the
position vector and p’ is the momentum. Angular momentum is the rotational
analogue of linear momentum, describing the quantity of rotation. Then, u rep-

resents the velocity and F is the force, and (3) asks for the condition for the
conservation of angular momentum, i 0. As is well-know in physics, angular

momentum is conserved if the force is a central force (i.e., F is parallele to z).



