gdooooo0ooooooooboo
00000 Nagoya University 2010

DEH ()

Linear algebra is a branch of mathematics
concerned with matrix, determinant, et al.
A matrix is a rectangular array of numbers as

shown in A. The numbers in the matrix are

In general, a matrix is represented by a bold

capital letter and its elements are represented by

The horizontal and vertical lines in a matrix are

The element that lies in the i-th row and the j-th

column of a matrix is typically referred to as the

In this example, the (2,3) element of A is ay;

row and the 1%

A matrix with m rows and » columns is called an

(a, a, a; a,)
A=|a, ay a; ay 73l --- BEEEAEI LT
\ gy [ (g gy |
£l
e | Y = HT e TTRIORTAREI AL
‘ (o as ay) }7 O TRl AR AR
A= i{"ﬂ {122 323 1’?24 ﬁIJ " f[??']@%}tﬁﬂ(:jﬁh?’:g
{0 | G Ay Oy fBR ek e TRICESH
il 1 :
A DQIERI Ay THD.
cay 3 A OFTIFIEOERTHS
[ﬁﬁlﬂi‘é‘i?{’léﬁ@ﬁﬁm, DD TEHE S, T OATIE miTaR] (m = o) ﬁﬁlJtﬂ%@S‘%]
ERE FATDENT SRS ~AELS .
A A NSETE IR A R £ 1. From today, we study linear algebra.
?/ng/\fju‘\j:%?ii ?/“,L;ijv; é»i')ﬂoté ~ N U /Z)é/\/
BIEREE, 175101741 USR358 2.
AN AW Llﬂ?:')?)‘% L\‘t;«iilv’;D
ZIRAb Lf:ﬁ%(?@#ﬁj\ $C9
Eron- L HLIFH UL 8H
£, 4L iA@J:?iE%’%Z%%E ZRiE 3.
Fron-o
_7eHDOTY . Al ]f/g ai, an, ay, ** &Z174
% 51/ \ jg g:u\i()i‘ij* called its entries or its elements.
ot " BB L U Sk
KIZ, EEFJ:L“C ilees FTOKRW 4
W Hoi S A [ Z WU ooy el
FrETREN, BN NCFORT TR SN
E3r lowercase letters.
Eromn-o LZ1EHIZ &
1 'JON‘ﬁjil‘] Liﬁ/utg Z%ﬁé:ﬂj’LU, e S
jtﬁihn) ]]ﬁ /\/f_fg)_‘: ;g;ﬂjg:u?()i‘ij‘ called rows and columns, respectively.
Exot L L0 ko %;1 no
el TTH,] ?'JH@Eﬁ%fF%E THID 6.
(i,j) FHRLIFOET.
(i,j) element of the matrix.
7= L 21D Ol T, A@(z 3)%? 2t ay T T
L, ¥7z, ay 61A@3{Tlﬁlja@g7ﬁ“6jﬁ and the element of the 3™
column is as;.
SIS no pd
el aiihé’ DI m, IO n TS 8
1) noErin-o . .
Lx, ZO150% m AT n SHTHIEIIE mXn m-by-n matrix or m X n matrix.
Foho L
ITHIEREONE T,
e Exd ho
F72 m=n OLEDIDNT, ITD ?ﬁ&ﬂ@%ﬁ)) 9.

85

When m is equal to n, it is called a square
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Eromo FHE LT iS .
LV WT@J%E%?? | EREONE TS, matrix.
F——F
éyiv,o ?;})}‘L > Jd'u\/ii/\u Loz ég o L ‘I’)ég}ﬂ >
1T AT ORS (FFR) 1T -4 175

B ER

) HED S (to decide) 15 HIETY, R 1358 (meaning, justice) &IEW S L1 Rk
C definition (272 0 £, {17 %%f’ EH) Rdby . H (law, rule) ZiEWH % L\ ) BT theorem
2720 E9,

SDE S, MOEERET (verb) 1272 THAOEFR BRI/ > T\ D 2508
7

=
e

Lo
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END D E

EREYY A <
() £ composition — X (sentence) Z{E% (to make)
x =< <z NZ
J7E homecoming — (country) ~JF% (to return)
x5 x b » x5
25 drinking tea — B4 (tea) Zfkie = B2 (to have)

X1 45 HPG)
ri\;E;I)J 1% today T3, WE H 1% yesterday\ B B 1% tomorrow “Cﬁ‘
[958 ) 1 from &5 B %O)Ejjﬂ (particle) C. R (time) @%Fﬁ (place) DIEE D - i . (starting
point) R LET,
Al e B LomE bR 5 2 Lavbn £, chikEROIIC k< T B R H T,

5 X ’@}_'f 7= 21z /:_‘
= ﬂ%a TN HARGE )

B ATV )7‘<

1 TR
»n< v 72 N HA W wa :_4’44 ;)( 2% h/WSi/VJ\;
(2] Lno5x sz b TR study LV O BT, fax nESEO%AIIONT, S e

b b

R LET,
() & number — %  mathematics
%;4?%% analysis — ﬁﬁﬁ % (study of) analysis
Fok algebra  — eres (study of) algebra
5k {% geometry — E'mﬂﬁ% (study of) geometry
4 TR DT
UL(J ‘iiji(-ér VW (big) W) Ibé'n%j? @'SF%E’“C‘? UﬁCij IZ letter, character &9 EB T, F;éfcij
ij('é“ v ‘jf% (big letter) &\ Jbé?%f IRVET,N, ZZITIET LT 7Ny b ODjtj(% (capital letter)
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5. %%@;ﬁ@%\%ﬁ%¢53i%®%%
FAY S

ji%lgrh (big city) . IS 10 (big discovery) ,

T fal N Y By
OWFTF, NEF) 1S
B, 777y bOE

r\—

Bk )

HoL
pasak

U(J LN B A DR KR PN EGERH Y. KEVD LSOO 7 b BT
D F’ﬁ (both/between upper and under) % i‘% ﬁ‘;kﬁa 70 ET,
DS, KAOEROBETFEMAEDEIE R D Y £,
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WD A RER AN BN S8 D £
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= OB E AR T,
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C OB AR R0 B0 £
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TOUTAIRR R T
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2, BT (middle) EVIETFLHY EF, Shi TR N FMaAbEE KN 2
5 3FHEL B Y ET,
T4 TRONHEE
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X5 17y T8y 475
f%ﬂ I% rows, 75101 1% column &\ 5 EUk T F%J%]J i’ﬂ% 2 ST ,<E77L§bﬁf:%£%§’@
T L g (= matrix) &9 BRI £ e, Ml ev s S, AT a5 ine,
queue) Lo %k\ TT (procession)., /SL— K (parade) &\) i) %‘ﬁ%%&)@iﬁ‘o
X5 THETI THE A
TRE) 13 horizontal, r%‘?;EJ It vertical &5 BT, LY CME@%UH%E%H’*ﬂﬁ/\ZbJ@ﬁ% %ﬁ
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A=|a, ay a, a, || a = (a,.a,.0,.0,) =A=|a
Wy gy 3y Oy \4;

[

B At L

A=(b, b, b, b,

TFEL Ao L EIATED F—

ay Gy Gy )
Gy Gy dy

Gp dyp Uy
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a;, = (amazzaamam)kjﬁé&’

al

A=|a, | L ETrncxET
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FRRIATSIAD j SIH DRAST2T 2L 7o
Eu e blj

IMV(F ST b, =| by, |ETDE,

by,
A=(b, b, b, b,):FEFIriTEE
¥,
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You studied vectors before. We can express a

matrix by using vectors.

When we denote the i-th row vector of 4 as

a, (a a;y,0,5,0d;, ) , we can write A

i il

a,

asdA=|a,

a,

Also, when we denote the j-th column vector of

, we can write A as.
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S ok T L RE<Has o i1 Uhsn Ty B3As b0 (K HosHD s

%3 TA=(b, b, b, b,)]

=) FEE LS, %a@ewm%ﬁ%& FEay Lt4ﬂwwkﬁﬁiﬁ
Fr U1 Doz D Ik Do L “Dor L " L LERETH, HERNILE
by ET

[A=(b, b, b, b,)JIZ“T— f2—1 (o) E—nh b—lc B—&A B—LA (0

SZHLR) BELE inff

Eho, RAFOBEFETIN, Wx, KOS % DABOHBINC LI ¥ BFFETHAR Y BT
VTHZENnBHY ET,
FEROMTE A AEOTH I LI b0
1 one AN
2 two V— hy—
3 three A —
4 four 7 F—
5 five 77 A7
6 Six T A
7 seven v7
8 eight =1 b
9 nine FA
10 | ten T
11 | eleven AVvV7Tv
12| twelve fA7 by ATE N LT
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Now, I will explain several definitions of
calculations of matrices.

First, two matrices 4 and B are defined as equal
if their numbers of row and column, and the

corresponding elements are all equal.

Next, the sum (or subtraction) of two m-by-n
matrices 4 and B is an m-by-n matrix computed
by adding (or subtracting) corresponding
elements.

For example, when we define 4 and B as above,
the sum A+B and subtraction 4-B are obtained
corresponding

by adding or subtracting

elements.
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B AGEfEER

2 T4k BRELN T ET 5
CL L PR LY AP SR ET, EL LA L (same) &) BT, [ Et 5

b LERTT.
T 3 LG SRR TR L) BROBETT, T E Gsign) &0 BT,
:@ioKU@&%@&%@%i%ﬁ%bf“éﬂqﬁ%@i?o
(f511) ?% Tt address : BE/u“C“b ‘5 tolive — &F)? place
Lﬁug cafeteria : é&é toeat —— % house
4 J%} classroom %IK D toteach — % room

Sc4 T A+BJ (35 A-B

F%DJ I adding, r%l isubtracting 2:1/\5%‘\%“6?‘ %B:;E;" IenEgh I+ & =] TF, ?%7%%’(
SR plus & minus % A ARZEOHEH I LIz “7F R S f F 27 LHAET, TA+B) T ‘=
— F52 E—", [A-B] II “T— <A F 2% =" RELHERET,
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TRDANZ—EDTE

ARF—k&EnfTmIITI ADIE
C=kAIRITHIO 2 TR I

THIDIE

nfTmFI{T5 ALmiTIFITE BOIEC=ABIZ
TS| &%

ANF—KENFHATIIERLS.

HEM

FTEA A:[S 6] B

7

o _[2%5 2x6)_(10 12 _(5x1+6x3 5x2+6x4) (23 34
“l2x7 2x8) (14 16 T\7x1+8x3 7x2+8x4) (31 46
oA [5%2 6x2)_(10 12 (1x5+2x7 1x6+2x8) (19 22
“l7x2 8x2) 14 16 T13x5+4x7 3x6+4x8) (43 50
KAEAKIEZLLY ABEBAASE LLVEIERSELY
N X . _ . .
DX :, BIZOWTTT, Zhuzizzxrs 1 Next, I will explain products. There are two

PEi%el

— LT AoR e,
HYET.

Froh-o¥ 95 L & Ly bW
17 AR LD 2 FEEEN

. ZE
CEDRAHT— B AETD

EP, AHT— L IO,
FRC ORI
DL FET.

WA TT H1 & 15 51 Rz > TRl L £
nXm F 914 b mx1 {7 5B OHTH 5 Clx
NG P VRS

RS

CO)%E% C,‘j&i

%=Zy#%g%%:kﬁf%i¢.

r\

%w

L

% izxzﬁﬂ@A B%ZDXOITE
+5L, AB, BAEZTNERIOL K
E0ET. EEZEZOBO 1T 150
A, A@lﬁﬁ@ﬁ\56k 3@1%
H@ﬂ 13%%%%MHTTET Lz
@ﬁi@i?.

3

WX AEHIF D
);.A_.
B

E, Z0 N SN

T

-
—
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A D 6.

kinds of products. One is the product of a
scalar quantity and a matrix and the other is the
product of two matrices.

When a scalar quantity is multiplied to a matrix,
all the elements of the matrix are multiplied by
the scalar quantity.

Next, we study the product of two matrices.
Multiplying an nxm matrix 4 with an mx/
matrix B results in nx/ matrix C.

Each element ¢; of matrix C is denoted as

m
ZZMJ%

k=1

When 2x2 matrices 4 and B are defined as
above, AB and BA are obtained like this. This
result says AB and BA are not always same.
For example, the element of the 1st row and the
is

j-th column of a matrix obtained by

multiplying 5, 6 in the first row of 4 and 1, 3
of the first column of B respectively and adding
them together.

We can understand from the above calculation
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that the number of rows and columns in

matrices 4 and B must be equal. Furthermore, if

L @ JlE A

ﬁ%% Ktk%AB&BAﬂ Lw&
iBEEfocu\ LR £9.

we change the order of multiplication, AB and

BA are not always equal.

F—7—F

T LD ks
CANT—EDOR ATHIOR

X2 [(AHT—]

4@5@% @ scalar ?i’(— (Elégq E 95 Li=h ?W‘J‘E T,
4 Tnxm {7514 & mX1 7 41B OF)

T 13 product & U5 FHE T ﬁJEL%ETFXJkwﬁ%%%O#bﬂi?ﬁ\:ﬂﬂ“%H
5’iki“ﬁ7”kmiﬂi¢ BRILENETR, Tixm (A4 b “=X »F =4 Froh
D RELHHET, BH (ver) & LTHEMEH. BlziF Ix4” 13 304 2HT2” L
oﬁwﬁ%bi¢

H%_\@&#@ﬂﬂ“+”3“ P oNTh, BT BIKT LHENET, it\mzi“3
F4 0 3ET 49 4%E¢(WK5V 347 1F 381K 4 I MBAEDIT LSS A
Lifo_@%ﬁ& Fio, BE (285 —) WEostie, NFRETH®RT 2 EH (arithmetic) T
ﬁbﬂéio??o

%ﬁ%@fﬁégﬂi (operator) Landr - ok

L | B T2 TG Bl fFEN 54

+ | f1 (adding) 77 % (plus) s ~ B, ~T R R 25),
— | & (subtracting) | ¥ A T A (minus) | 5] < ~FI< ey~ B % B,

X | B (product) B B |~ B~ a2,

+ | % (quotient) % ~E17, ~ % B,

= | &L (equal) | A =—/V (equal) | I e, ~ R L,

x5 rczfzal—kbw
i E A2

FE IS mgma%‘:ElZlKEu@Eﬁ?%ﬁ Lisv Ve bsindd, LEN-T, Z0OE “v— 74
VA 3= VI TA fa— \WhE »nDb TAET — TA A4 BE— A VA7 g

LLainET,
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6 THF TR

;ni i#rﬁféj%bf %@%Fﬁﬁj%ﬁékwég%fﬁ S CCOBED “~T” O
‘ﬂlé ix. @M"Eﬁ”?l%ﬂ'%< (continuous action) & VY9 ;&%?ﬁ% LET,

L. BEO “~T” 0 1L, ?ﬁ)ﬁﬂ)@tﬁﬁjﬁ (conjugation pattern) 7% i u%ﬁ’i’é’@ﬁ"o B o
HHTRE L 2507 =TS LIETH, ZNEND 7 A— 7Tl S P TR, IA—F0
IR O a5k > Bains s 0 £, £, B b0 T

(f511)

O7n—71

Bz HoET #irc

B3 A%+ RT

RD RNET RNT

C Y PSS M

FOnE ST O D T 2WoT T 2FET
Orn—72

40t

SMEEETEN <57 o7 <27 chbB Lo
=9 mmi¢ Zo7C

o wbET e T

‘%5 rjé@iﬁ‘ j”r%/)”’(
%%%3ﬁ“$”%f“m kb B HD
s Boxd Eac

Ht BRET HAT

e CET HAT
MEEERR 7 7 TRbBHLO
51< JlEEd 50T

< Ex g4 BT

A< AXET ALT

i< fixET f1o< * filsL
MEERIES 9 TR b o

B BLEd LT

G ELEd LT

o4k

%5 kx+ k<
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FsrShoL &
4. 175
. 1TIIT
ax+by=c ax+hy+ez=d
axtby=c, n ax by oz =d,
ax+bhy+az=d;
FRETOER
_ab—oh —_ e = dibyes + dobsey + dibey —dibse, —dibyg —dybo
T anbyes + agbaey + asbyey — bacy — asbaey — aybyes |
(b, —aby 20 fabyos + aybie + mbio, —abo, — b —abo #0)
4 j
a4 b =ab ek aq b og
d: by o
BRI TRE S a, by ooy
q b 40 = a0y + ety + asCy — aybacy —aghy —aghi
= g b y= T G (3)
4 5 a b FAADITIISE delAS7=(2|A] LT
@, b a, b,
- §£’> holL X DL . . .
SO, 74RO T p}EEUEj LFET. 1. Next, [ will explain determinants.

Z T, (1)0) L7 @%&%&%igﬂ% ZF9T. 2. Here, we consider simultaneous equations (1).

) DIED TUWL & 7

(1)0)01: ORASE ﬁ 47’7 254 @ﬁi’; X a1br-ayh, 0 O 3. The solution of a simultaneous equation like
ﬁ#ﬁ e cb, —c,b, = Wy =6, (1) is, as long as ayby,-ayb; # 0, denoted as
a,b, —a,b alb —a,b ‘e ¢b, —c,b, e Sl

, = @JSO)/\!: i(l)ﬁ@E @1—6%5(0)7%% ab, —a,b ab, —ab
E] /u’C“l/ YET The denominator of these solutions consists only
of the coefficients of the left-hand side of
Eq.(1).

;7\/ Lﬁ’i’%%)@‘ %ﬁ LW nﬂ%%(z)ﬁo) 4. The new symbol that denotes this denominator
9l :T}jﬁabij‘ (z)ﬁo)ji O)Jcig 2 /j( is defined as (2). The left-hand side of (2) is
2 ‘%5jﬁ WaAAAY-3 ol called a two-dimensional determinant.

X oHiz '4“33 HXnr- j—})ﬁiﬁ)%fg T, (1) 5. Using this determinant, the solution of (1) is
OFERORIZG)D L 5 e &L = LS TE denoted as (3).
ESCR

ok 9 \_hﬁvjh %{Lkij]j};b%o)ﬁ# %—iy-nj/)bé % 6. The formula that represents the solution of
Hﬂ W< % L7 D& T T A )LD {§ % BERVANPAY linear simultaneous equations by using
E3c s determinants in such a way is called Cramer's

rule.

3 JEL/U:@ 1 &%Z% é;: T4 tﬁ?} Iz %)fﬁ 7. The same is true in simultaneous linear
THZENTEET. equations with three or more unknowns.

?%%EA o)%?ﬁffte % detd, £7-134| & :3;% LE 8. The determinant of matrix A4 is denoted as det4
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9. or A|.
9. ZDEHIZ ,ﬁﬁljﬁ;;_»{ggg& %g\ﬁi)&%a)ﬁé% 9. In such a way, we can obtain the roots of
%% _ﬂz&;é LN TEFET. simultaneous  equations easily by using
determinants.

X3 Taiby-axb, #0]

HFEo 10 1, N E7203 zero & A AROFAIIC LI “Br” LHEAET,

TE T L S~ L E L Y LEe T & b dIUT. not equal & HABEORBINC LI ¢
v b f3—L" kujhfﬂ’ EHLH0ET,

CORIT, ‘T B E— 12 wAFR TA U E— b Sy kAT Pr® R LHER
7,

w3 fxe ¢,b, —c,b,

a,b, —a,b

PR /’ﬂ")

ZOROELESH (fraction) T, HAIL “ab,—ab HD cby—c,b” LD LS, X

BN Ed X Z i - KA L iy
bf)ﬁ:/;j\ (denominator) % FtA T, “/\0)” AR E%% X & A, BT (numerator) ZHiArE

W) 1/2: 450

2/3: =50
%% 0)2;\ i’\ 7‘5 (to divide) W95 & %0){¥$’C’9"
2:?/0) i?a!:é Ao (mother) &\ 9 %%@@'@?’C'@‘
%?@?i%e%(mm)&wﬁ %@&?f?

o ¥?®;5m§w%@mﬁ5&\%?%@@m%%ﬁwwét@\%%f FEEENTIC. Hls
FLELET “CoR” “CokdnlA” RELsbhs T ERENE S T,

X6 75 ANDRR
HRAES RO K oiive, HEBOREE RRBOBR SN LI 2 0T oA B0 35

SLBBVET, TOB. TOAEELRENAXBELLOLHLDT, RENLETT, $7-.

(\—
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Euler
Beethoven

Einstein
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Ll

[detA |

7‘4;

JFED determinant & El K@mu%ﬁﬁ Liz“T 4 X —3IF v h ="l pJuﬁiﬁ‘ =77 L

2

J lipubhc Lo %Tﬁ‘
D L MBRTER (formula) &5 %% ESD
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Kim Dae-jung Xh T2y
Hu Jintao Ry— FUoF T EFALED

“BEOT LW ERL LB ET, LERoT, (A

lié&?)/b\\
ZD%A

TSR T P LEERA L LB T

Ptz hy

X9 TREILZ)

7’/‘/\/7:2\/,u Lx - Jbi P I;t/vﬁiu JL:L H ‘;&# “i_;;_/uﬁb ’ ” “t;«fiw . . .

MG (35 L (easy) &V O EMRTT, DOEWOSHEIZ “HEE # LY (difficult) 7o &
NH £,

( 1A LS L Lesly Fuks L Jnko L5 L

AT, BRI L 2 SOREN H Y £, BET (L adjective) & @R (72 adjective)
f#‘ﬂ&wwfﬁbw A, TR Wi R aBE e, B o<, EHo sy —
‘/75%%1/\&?“0

(f1)

Juks L

OF%Fd (U adjective)

e 5L &AL KEAL VBEAES  RF

U LN EACBEmO LT,

ARG ELl e 2L R RO TRLR RO RENTT,

I %?@kzmvz%fi Imvzb@ﬁﬂmw

Gt VEH e im%ﬁibto&f%mwotff

< T HROTcRME, B LilirzAamich e,

%<f %EMim<<%wa¢

O &EEH (72 adjective)

@ﬂ@ 2y B = R B T

ERcT BRop 2130 2 v & = 3 ER T,

172 Blop 21200 =0 B = (HERI7,

R o7 boarbeoi LT ERE 57,

BRI o7y 232 AR IR L o e T,

Taike P DAY bR A
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g WL 2

FEFEH
ITIRIEREFERETIAL T
REIEHLERTA.

(D=1 &,

detA=q,
(2n=2D 4,
(nz2eF, LITEERTS

det A =aya; —aya,

TR My .- ATRIAGATIEN])
EHIBRL TIF-72 (=) DATHIOATEIE

REF - 4 =DM,

F2RTFIE-T
| TAELSRED

= (1 2 3
EtEl(n=3)
A=4 5 6
\7 8 9
TR,
r 2. ) =
Adyy = det 56 —det| ==3
8 9]
FETF
Ay = 1A, =3
BRI LT
A4 =-3 4,=¢6 A==
Ay=6 Ay=-12 4,=6
A =-3 4,=%6 Ay =3
detd=1<-3j+2=x6+3=<(=-3)
+4%x6+5x( =12+ 6x6
+Tx (=3 1+8x6+9x(-3)
=0

BHIZ VT LT

11504= (ap) % nkOIEIATHIELET

FponoLx L DA b
n=1, n=2 OLEDITHIRILIZDIHITREITR
F0ET
Ll n=2 Ok =T Enisc 2T L
FNET.

X WAL TAhY bbb é’i'}){L’JLé ()\k Nz
Z ZCHRRFREBREZH W17 A Kok
B L ET
@n@&%ﬁWA@ﬁimm%f%L w

ykbi?.

r AL 58xr5noLE | bb

ZDEX a,,@%%fz NG EN
A= (1Y M, 2 ERLET
L WAL EFroh-oL 3
ZOFRKAFITEST A DITHIL

det4 = ZaA&E%&ﬁﬁ

gy

tkzil13@k%E%%UA%;®iﬂ
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Next, I will explain about the expansion of a

matrix using cofactors.

Let the matrix A= (a;) be a square matrix of

order n.

When n=1, n=2, the value of the determinant

can be obtained easily like this.

However, when n=2, the calculation becomes

very complicated.

Therefore, I will introduce the expansion using

cofactors.

When n=2, we make a determinant of order
(n-1) called a minor determinant M; by

eliminating the i-th row and the j—th column

from A.

The cofactor of a; is defined as follows by using

minor determinants as follows.
_(_ i+j
Using these cofactors, the determinant detd of

matrix A is defined as detA4 = Za

Jj=1

/]

For example, let a square matrix of n=3 as this



ETse, M11 DI iJ)J:D
DET. Oi@ﬂ%.%A“ I%-3 &E‘Zibiﬁ“.
10 [EkEoLT
0, A DITHIRdetd 13 0 LRDBIVET .

/Lt\u AL L;ﬁé’gﬁmté /J:\u\/uLT/mu
* RIA] AT HIE RIA ]

o3 LKE

J Lo AL H &
ETORKFERDHEZDINTIR
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expression. Then the minor matrix M, is -3.
Then the cofactor 4, is-3.
10 Similarly, all the cofactors are obtained like this

and then the determinant detA is 0.

BT SIADHT)
r;Fb\gj =8 character property, nature & Vo f_iﬁ%fﬁ‘ =% 5 7 %'ﬁi@%ﬁﬁl “?%B@”\ “Wks
Lol KMoz %9 #bo £,
X4 Tn=2)
(2] BRSR LR, GxRBERRDY T,
Bz, ot =M =% RN R0 a0 R LERET,
(#1)
< o~EekpRED KR > o~ ko AREn WY
< o~ BE Ko ga—n =z o o~ T RNAan -
SO A LS BEROC £ BNARET B B0k - KAOBRO T Y £, R
ﬂi “Jie FL< foﬁb‘nﬂ = LAY %%’C'ﬁ‘o
(1)
OF~ : ~LoR\, ~LAan
%;’% continuous - }bfﬁﬁ?% discontinuous
&Zg%’ stable - }bj;/”'vfﬁihﬂ unstable
B kind — A#Y unkind
A necessary — R unnecessary
TE%IJJ convenient - é\\&)%* inconvenient

 BSL L R L I E SV E A
SOEHIC, et . o
&D@\iﬁ—o
(1)

Ok~ : ~ o7t

5.2

b} [ >
TSR (prefix) |

=S

[N Il’;:‘ N ;V“’éj N
&of\%é SEOBWE L 2 HEGEN
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LgoLx oLy LE )
i WX~ common sense — lacking common sense
hLL S . MZH L xS . .
H %  regular life — JEHW  irregular life
[CYSP )
FEH* emergency
b FATE . WIZAT AT ..
HIH) humanizing —  JEARIM dehumanizing
AN
* s
ki
O~ . ~723720)
LA o BLp g . o
uit %  examination —  MEELER  without examination
A
IFR meaning — fEEUE  meaningless
I
O$~:ik~ﬁm
HoTy 5 . IriZo Uk D .
7 3% published - % unpublished
ANDRY T W A
#&BR  experienced — #&BR  inexperienced
EoA FAx o T A
FEH, discovered - RZE undiscovered
7z BB
OR~ 1 RE W~
AR ENEE LD .
=%  company — 1 big company
Lo = kL
#r o city — KRBT bigcity
<z [ AN
country - K power country
Bk
Of~:&Th~
2z Hrofznz<
KE  power country - super power country
Zobo HrHIIbD .
I_Jr high voltage — i &JE  ultrahigh voltage
LA
O#r~ : *ﬁ LN~
oy LALE
K era —  HFF newera
ENOA LAENOA
U product —  FrfE new product
EoJA . LA TA )
%E . discovered — 3R newly discovered

23 A_Z

L <
= ﬂ%a M RVASYER =T

9 3]

CATRAEAT EHEHET, KFOMO (-] R [+] 0
HIEE, T aii%:%ésgmia“

“IE” 137 2 Ci plus LS E %0) %’Cﬁ‘ ﬂﬁ H. ELn (correct, (moralistically) clean, good,
honorable) &% BEH Bk G d 0 £,

BT I DR OEROET T, minus £\ EKETT, fich, A5 (olose) &1 A
%@f%%%@i?

P s, ol

A~ R, minus & ik S

) 525

TROT AR (sign) L=, [+

Jhos

Tl

i

TR B LD E I E A, Plus % A ABOBRTIC LT “T
EDF

) A

e ij;‘ L7z “~AF A~ kb\ﬁ%fﬁ%ﬁib\iﬂ“

pq B
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g WL 2

FHRXDMEE (2)

AT ERP 2L TEMAEE AT . Q2T (F[A2PNEIRT SEFSHEDD

@220AT (F PN HELLEHE @ATAFE DDA (E I

FLID. 0I5 T BB,
1OOATHMMDITOEROMEDE | 4TRSS CHRETE S,
[FF/LG3.
a  a - a+h ¢ _laoa . h g
a  a a,+b, ¢ la, ¢ b, ¢
a | |ma b

b.

L e, by

TronoLE L L) L X o7pn ey . . .

1. 2T AR oEO W o E RS LE L I will introduce some properties of determinants.
R

2. gﬁ) L WI)%Z%M LT %)L?%\éi’jﬁéib N FH A 2. The transpose of a matrix has the same value as

the original matrix.

Z M4 )

3. 2 ?%) (E7-1Z 2 %IJ) AT 2 LR 3. The sign of the matrix changes if two rows (or

P ES. columns) are exchanged.

4. 2 oo)}% (F 7~ Lj%/lj)) 733‘% L e x 51% L 4. If two rows (or columns) are identical, the value
720 ET. of the matrix is zero.

5. 1oM 1f 753({%0) }% D i 1{%@ m{%@ Lx 3 S If one row is m times of another row, the value
%% Ly 9. of the matrix is zero.

6. *7-, %%lj%é@loo)%lj (i 771 ;’rgﬁ)) 7j> o7 6. If all the elements of one row (or column) are
STWAEXT, Z0I9HIT %IJ; o)ﬂ]g: /\%;41 expressed by summations, the matrix is
T&EET. decomposed like this.

H ARE R

oM p

X2 24
@%J i%bé (cross) &b‘ﬁi‘iﬁ%T“ﬁ" f%‘ij ‘i?ﬁ‘% (to change) &9 %ﬁ%“@ﬁ"o ri?ﬁj %2
SOHLOEFBE N ?ﬁ&zé (toexchange) &%ﬁ%ﬁ%@‘
tokdic, BrEko %Z))n’*ﬂﬁ’a\béof\ 150

\/ut 9

"5

L

Ao N
|

*”” B O
N A

én fcﬁé &ﬁ’&)@i—a—

() 2% change + B move = ZA#H)  increment
~py /] < b
{#  convenient + Fl| useful = {#f] convenient
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:é . [ ) . g £ 5
R write + A input = A
T A . EL A A EL A

anti + X counter = %I
Z5 < ERcRae
B early + B fast = Fa

=1
4 15

0 %%ﬁ“{ﬁ%hifﬁ" PN 771 zero & B %@?ﬁ
X5 rm?‘L\

r’\“{ J I¥~ times kb‘5
L G o7y E T ')
ESR(RIRTY Kizs) £

(@)ia@

%UH“

¥ m times

S A

76 F/@ﬁi”u

FM Té (todevide) &9 \%VC rﬂﬁiﬁj iﬁq& (tosolve) é:l/\5 %’Cﬁ‘o ZD 2 ODEE
<

S

%#ﬂﬁ/\b*’@“( to decompose AR %' Wk rﬁﬁﬁiﬁ Lo g‘

S R A
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write down
opposite, disagree

soon

n)b%"i‘é—

bob »n

(three tlmes) DX \_%(?72 =3 ﬁ_/% 2
) B L, oA

TR BDIT, Vo b OfE ORI o 72,

Nl

nAa L
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WS

B, BEARIRL()

(FRAEATM L EBOAIMLASDFTEMHES |
AFIATRIMLXEMD AL ASD ) x' = Ax
UTFOTAERIILEEZSHE

1 01 & . (a ") (a+01b
A:(m 1] x:[bj x:[bl : [y'}_[O.Iaer}
Yy
2RFTOEE EDRIEILXIZ
AFARBNTAIM LY ~E3DF
b' .................
b J SO REERT OIS E
| BARLEXITDVTEEHT L
L - — —
aa
WY

1. § JO){J{% E{"j 724 ;ﬂﬂ(fé Iz, X7k /yig({fﬂ@ 1. A matrix can be used to transfer a vector to
~ ]\/1//\ ) o@—ir;f%?ng;) nE9. another vector.

2. Oi@ﬁﬁlj Iz F'ﬁo)ﬁﬂﬁ /g{@ (IE[;%, %fyj( 2. Namely, a matrix can visualize spatial linear
ﬂﬁ/]\ H /VU? BIO# ;ng@@ 0)/\ E}z) & transformations (such as rotation, expansion,
NTIMVTEREAE T2 N CEET shrinkage, shear).

3. %ﬁﬁxii 27;/(;%0)§L7—\%L£0)/\“7 ML x i &)ﬁﬂ) 3. For example, considering the case that a matrix
A 753‘%5)1, VTR "MbxDBx’~9o58 L LE A changes a two-dimensional vector x to the

CroET
7. (j:ﬁﬂ) vector x”.

4. Thbb, %%UA ;’(g%} A5z ik, X 4 Namely, by multiplying matrix A to the vector
7 v xFxx’ c:%ﬁ“: N TEET. x , it is transferd to the vector x

5. DL foafgtg{% %%‘%#2%%2 LU E T 5. Such an operation is called linear mapping.

6. x MW x’ ~H oo jj;()%%%%j—f\ VANIZ R A vector that represents the change from x to x’

KEORHTRL, SESEFRxlcoNTE
ML b DEROR— VISR LET.

is shown by a bold allow. Arrows for various x

are shown in the next slide.
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1 ) R
o TR
TS @ TVE) 130705 (method) &5 HECH, T
Id usage RS < W20 £9, 5% -
E7o, HELACEE (aw) &0 57 %wmm‘

[E39) & -
=0 I~k &SI, Ao e

VD) TE Lo <o
BEGENR BV £, TR RM) T3 b20 15T,
(f51))
i L’g
OJ\"@ DME
D w5 p< ) W
¥ ¥ studying abroad  + student
[R5 . . B
K% university +
FAZ® Hy
%% research +
R ) L
&5 science + & person
BB S
4 music + % person
ThZH WA
$R1T  bank + = member
an\ . . vl
= information + 4% officer
XL X ZTHo
O prat
FAZ® D ,[1-3
%% research + = room
Lok nh
#=  book + f#F  building
X o X Frtr
B27%K  drinking tea + J&  shop
O~y : ~D X577
Z<awn T
F%  international +
[N ) Tx
R representative + B
jJ\
O~k ~iZ7end ~i295
ZHELH 7
industry + 1k
L ﬁ:\_\i L. 7>
G vision + Ak
H Hy )
O~ ~nZ & ~®r§
E:; 9 . L
S practical use +
I Bl B
E  nation + M
7=
O% Dl
AL LD ) .
S student 4+ FE  certification
TR ) - )
PElle washing + #  machine
2 FE A L&
HA  Japan + X style
5284 ) L )
7 mathematic + 5 history
Ep51¢ 125
B  education + £ method
Ep51¢ 125
B + ¥k law
:: ) X ;@ <L [N ES /v:f
= [FEFRITHENLD HAGE)
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A A A
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ﬁﬂqj ;’Etouse &b\ﬁfé\?ﬁ%fg@v@\ f {J
AVESE

international student
university student
research student
scientist

musician

banker

information desk

laboratory
library

cafeteria

international

typical

industrialization

visualization

practically usefulness

national character

student ID

washing machine
Japanese style
mathematical history
educational method

educational law
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> WS

NYIkIL(2)

T L METHEEHER

T
By
A
. c
x r
22 R Ko
e ok xR

TRIADEREE

- BETEOERENShEAG L

- BRSNS ES ORI

| 0.9 L)

by E
xR E

PLAHL

CORHON T BDE, DR
e
@ﬁﬂft%%f%bf: y=x & y=—xj?0)/\‘\7]*/wi§
Shi-Bb R E o~z ET.

#ﬁb% DT

oY

WA ET 5T M

We can find a characteristic of this distribution
of arrows if we observe closely.

The vectors on the y=x line and y=-x line in the
dashed box remain on the same line after
transformation.

Namely, when the vectors on these lines are

A VCEJLL;OB %gﬂg N SRAUES .V multiplied by a matrix 4, they don’t change their
direction but only change their length.
DI O)jil"j TFST A :E[f%’ﬁbﬁrfﬁjb(if_ The vector that extends or shortens along the

LB LT B RS2~ LA Y DEE A
IRV EVNWET .

it%@ﬁ%%%A@E%ﬁ&wwiﬁ.

N )

B~ ML, AR RS - LT, (141

same way in proportion to A4 is called the
eigenvector of A.
And this enlargement factor is called the
eigenvalue of A.

The construction of A becomes clear by

0)13%;_) a}%u AL 733 “C g: 4. 6o calculating the eigenvector and the eigenvalue.
F’%%_}E %”i\tﬁ LT .ﬁ 1 F'ﬂ E LinnET, These problems are called eigenvalue problems.
£§ {ﬁj ;; , y §IJ W7 ML x T In above example, we can underatnd visually

EAh AT

—bf%ulﬁ’%%%éﬂé LRI b %

T*
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that the vector X is deformed by matrix A.
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F—7—F

GEHEAIIL EAE - AR

I3 & A
1 TREGHRR )
&8 05 ben Fr }i‘/u . - beg Fr &3 11\’,/\/ .
CHEZ | 1A < (tobreak) &9 EBETY, 2] 1T line & W) EWADO T, THEE X broken line & W
b A Legs z # ok L B4 ;
5RO 9, G- S R TR 2Ab 0. B LT,
A ii n A L o & V3
SOXic, T LS EFORCET ST AT, %@f%@@*ﬁfg%% LET,
Lo ®A CotA
(f5]) £ real + M — E# solid line
L% ®A LstA
£l inclined + # — &R slash, slanted line
L7 ®A »E A
under + - #  underline
Sk ® A St A
thick + # — K boldline
B }i‘/u &75"\(}‘/\/ .
7R red + # — R redline

PN %%Lm
¥ NE SNIE YN
p<IE N AN $<LEH AL n
r%ﬁjij 13 to extend & VYD E %“C r?f\fé;J\J IL to shoten &\ BEETT, 24, F%ij (to extend)

FA 7z

DR OEROEFN T ) (to shorten) . K (big) DR OEROEF [/ ] (small) 2720 ¥
. Chbit, Bl EkOET MRS DE R Y £,

7J<Lu2’j
X5 MR
Do b LA nA L A Ee]

(3] (3#15 (rate, percentage) % %% ’9’7%?“( N TNE: enlargement rate & U V5 BRIz D 7

A7)
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565 WS M=

BEAIE BERIFLORDH (1)

nREFTIADEREA BRI A1 = 21 FREND.

> (A-AE)I=0 T-EL t=0 , E[Z847H

|
\ I=0 LISDEREE - OB+ EEHT

) 4

det(4-AE)=0

- EEAHEE

ETEAI

EHEEI A =09, 1.15RES.

det(A- AE) :‘

01|
1- A

LA
0.1

=(1-All-A-01?
=A*-22+0.99
= {(A-09)(A-1.1)=0

> 4A=0911

o, GhnEzonrsexEAEL L
lﬁ«a LD DI B %%Li#
ﬁ~7 WijnukEﬁﬁﬂA%%w 2.

CHEBE T LTbroFanED L, %
DRESHREAELEL 2D L0 5 b0
Mo, TRERTETLE Al LEE
NCXET.

Oi@
m

(A- L E)I=0
1#0)

’@*ﬁfﬂﬁ%@%%%otwmﬁﬁ 4

MRV

+“%ﬁdwmAxmok@Di¢ E
@K%A@Eﬁﬁﬁﬁ&wwi?

W} 5 IED TV

Eﬁﬁ@ﬁi@.ﬁ1l%*@i? 5.
S IT, CoORMEACCEAEERDT 6.
AFET.

i%f%%%mmxmo%%%#é&*@ 7.

2 WH AP DI, ZNAEML & EA
2209, 1.1 &REV T
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G¥ =77 L EZHAr 3.

Here, I will explain how to obtain eigenvalues
and eigenvectors of a given matrix.

The eigenvector / does not change its direction
but its magnitude becomes A times by the
mapping with a square matrix 4. This relation

is expressed as AlI= 2 1.

That is, (4- A E)I=0
0)

The necessary and sufficient condition for this

(P%E is unit matrix, I

equation to have a solution is det(A4- A E)=0.
This equation is called eigen equation.

An eigenvalue A is obtained from an eigen
equation.

Now, I will obtain the eigenvalues of this
matrix.

From the eigen equation det(4- A E)=0, this
second order equation is obtained. As the roots

of this equation, we can obtain eigenvalues A

=0.9, 1.1.
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M2 z:tlambda%amg PHEBINC LT “FhE" LmBET,

rll{ 1 LA times &5 BT <7,
X7 2=09, 1.1]

[0.9) @ % 5 A% = b % AAZET/INE (decimal) & EVVET, “/N7 A E U (small) &5 Bk
ROT, N URENET e:m“ 70 E T

5N&%L@a% . i#ﬁﬁ(mwmiﬁ B AT, KICIN B (decimal point) % “E” Lk
BEF, ZO%, NEEU FORTEERET,

09 B INTA E95” &L L1 BB VoTh 1 c‘:ujuﬁiﬁ‘ R OO

Y S AR mowsaa“mgawgra“ Bz T3 o osHIEmEE 2 2 ned), E7.

TIHEE N

é%ﬁuw&®ﬁ%%1o¢ohmfw%iﬁo

() 3.1415926 SATA WHLIAWLI ()& W HIAL
8.31447 o Th SAVBIALARR
42.195 FATW I TAL WHEWYH T
6.02X107 AL ThA EAIZW) 22 L) O IZLwHIEA LrH
6.62X107" AL Th AW 2 Lwd O ~AF A SALYwIEA Lxd
B omesH T
1 — N2 15 Vo T A
2 iz 2 5 IZTA
3 = Sh 3R SATHh
4 VL L A 4 5 LATA
5 k0 N 5.8 ZTh
6 N A< 6 A AL Th
7 + LhL 7 7 R R Th
8 A\ (g5 8 i THTA
9 L w9 9 KL W I Th
10 |+ Cw 9 10 s CwoTA* LoTA*
1n | +— Cwonh 11 A Cw oo TA*
12 | += Cw )iz 12 5 Cw oI Th
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itz

g, BEAAN “7I~}b0)7k&>75 (2)

BE TR FEIEEAE A= Al (CRAL TSRS,

STEA

A=091.1

o A=09 DEE
Al=4 f\)

\O.1x+y_,|_
o Ai=11 DEE

Al=a1 &£

1N A0 B

1)

F

(x+01yY (0.9 |
\0.9y

(x+0.1y ‘-‘_ ‘/1.15 \
L 0.lx+y ) (LLy

PR

\ Vi

/1‘.
)

7%/\“’7%”/[1 l=a 1)

o o4 afii?’?j

72z

L WIO~—UTROEFEAE A % A= 2 1fER 1

LT, EAS LR ET.

2. 2209, 1.1 DEFNEROE
3L Lok s
T E D)

(2720 4. % 727U a

DNE L.

H AR

w1 TR ET
w3 BREDE LI

BIZOWTEHEAET 2.

Z 5 1 -1 [ 3.
EﬁN7FWlw;l=a&}4ﬁ]kﬁi

We can obtain the eigenvector by substituting
the previously obtained eigenvalue A to the
equation Al=1 1.

For each eigenvalue of 1=0.9 and A1=1.1,

we obtain the above result. (3%a is constant)

The eigenvector [ is determined as follows.

=y o)

\_ME@@JﬂO)Eﬂ#iﬁ/ (dlctlonaryform) i Tk 5 RED) <7, i )7 & b to solve &5 BT

TR X@T%L (structure) 75> LNET,
(1) (7=L2) lﬁA‘& L/Wz;k&bi%
@)lﬁ«ﬁ%w#*i@ii

<« > »
Nb)...%fo
7537 ”

DRD 5] (WO LTIHE. Tk (subject) 7 IZBIED TR (actor) 25 “bF= L” (F7-135E4) 1ok
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DEF. . TRED) Q0T BIEOERTRET, T EESs P T
Lo by

F7- RoD) BRED] OBA, Bk & TBNET, RS X to solve TONTTA, BRE
5] IXtobeabletobesolved & Wo o= =7 AT £9,
r;é&)éj DX f@%ﬁ%ﬁ%@%ﬁ%ﬁ (transitive verb) . F%%i 5] DX 572%3

L LEs L

7 % B #h7d (intransitive verb)

EFVET,
() [fhEhEe] [ B &hE]

F':% (B4 %?éj < to open

F%L'fil&') %) F;%i va) to close

ik ) Jj:i %) to stop

lﬁl%) i@bﬁ‘ to rotate
g%&') % j%i va) to decide

(%E/V/T%\%) CIVRA) (%V’%\Zﬁ) =< to turn the switch on
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