2024 L BB AT E IR

R BRI 50 2 T 4 DIRE,
ZoRECIR, EATH A DFTIRZ det A TELET

(EfEH : 202447 H 24 H)

K4

AN EZDRE DD X HIRET S L. FRZNUCRLEROFEANRTT, MAKIEOL S X HITHE LTIV,
* If you need English assistance, see the right half of page 2.

RDZEMH (a) 225 (c) 128 T 2380 2 MEMICEIE.  [3 5 x 3
(1) n KIETATHI A D ifT L8 j A L 2D FRATTE % n— 1 KIESTT
DRI, 5 (—1)H 282 bD%2 ADE (i,5)| () |&
WD, ay RELET.

(2) 2KDITHI det (a 5) DHHEN, @, b0 [ (b) | OmEifiEET.

%7, 3RDOTHIR det (a b 5) DMHEL, @, b, cDESD | (c) | D
iz RT.
(a) (b) (c)
2. RORIOMER S 72 3Rz ko, ZOMf2MEMcie,  [45x3]
0\ (2 .
u><»,@>®%5:%%®ﬁﬁ
-4\ (3 P
2) (3 ), (4) DR 5 PATIATE D 1hitE
-1 —2 3
B) | 31, 6 |, |5 D82 VAT/SHEDKERH
2 ~1 4

(1) (2) (3)

3. XD (1) 256 (3) IZ2WT, GA5N7X7 MO 7% 5
O%, WEEEZ 6 X%, ZNZIREMICE T, 45 x 3]

1 2 1
@ |-21,3] [-1
~1 12 1
0\ /1\ /o
@ (1], o], [o
0/ \1

(1) (2) (3)

M4, KXo 1 X5 2MT. 10 A x 3]
5l +49y =1
49 + bly =2
z+y+z=1
(2) Sx+2y+32=1
z+4y+9z=1

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

(3)
20 =2y + 2z —w= -1
—rt+ytw=1
2 0 1 -1
s k| Y O ofte, komEez Rz k|
21 0 2 [7 5 x 2]

(1) 4 3 71 BE 2 AR TR,

(2) 23T 2 R TRER,

MERREICEHDET.



6. RO 1 RIGHEADIEAN LM (2 =y=2=0DNDM) Z2HOX

I REB Kk OMEERD K. [10 5]
(1-k)z+2y=0
—x+(4—-k)y=0
B7 2200FHANRZ FLVT = x),ﬁ: <p> ZOWTEZ L), EL,
Yy q
T#£0,p£0&T%,. [(1) 35, (2),(3)5 ]

(1) L=det (7 §) %aFEH X,

S
[y
S
N
e
h
S
%
g
S
il
DN
h
I
o,
S
e
Ty

DI, (At D3NS B EE (|At <1, At #£0) 2E2 5. DD, (At)?
S B IHE L L T,
AL = (2G +uq — yF — vp) At
75,
(3) @& pHVAT, Thbbdet(@ p)=0ThHhH, SSICF£0LT 3,
ZDEE, AL=0&:%R20I1213, F,GIRED L) RE&th%ik-¢
IFR LD,

FERMUEAY b L, pREMREAY b LTS, [IRAEHE (X7 b
D) ThHY, EEEHO WeT 2HTLMRESNG, JOLE, @
uﬁ§&7bw,ﬁuﬁ?%b,@)u%§=& T I b SRR
T3 7 DRIERD DR L WA D, K CHIBRTYS k12, Fl)
BT 20 DEMEER, IBhLTHE L (FRTIETTHD 2
E) TH53.

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 (d b E), is equal to the volume of the| (c)
spanned by d, 5, c.

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

(1) The area of the triangle spanned by (g) (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

B 5. Compute the determinant | . 2 1
1 0 -1 2
-2 1 0 2

in the following ways:

(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 ﬁ)

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 (a'c' 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 Z is
the position vector and p is the momentum. Angular momentum is the rota-
tional analogue of linear momentum, describing the quantity of rotation. Then,

i represents the velocity and F is the force, (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).



