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1 BEE& (—XREH)

RZ MAPERYZ FLEMIGEIEZEBEEZ S, 20k 2 ZEb%E TR (function) ) 2idWb3, BB
(mapping) ¥ & FEEZ T TIERL. &0 —WNREED LEENOHIEEEBRL EX05TH S, LirLAL X
N7 —fEEROEVIREDS & Tikann 3 %o

EBE VW 2RZ MVEME T2, Vo W ADE (mapping) % @AE (linear mapping) ¥\ 5,

(i) f£& (any, arbitrary) ® 2,7 € VIZH L. f(ZT+ 7)) = f(Z) + f(V).

(ii) EED Z eV, A T7— a WL, f(aZ)=af(7D).

1 RITEBAERIEL f(x) = ax THIUI, alz+y) = ax + ay, alax) = a(ax) TTH L, HEDEITTHR, LrL
flz) = az+bb #0) TEHEDLEFEA, f(0) =0 TRINIRD TEA, X7 FAZEETIE f(0)=0 TF,
PROLIER—JERNEEHATEEEL xS | ZOMWHEIZ, b LOZEBTON., AH 7 —FOMHEEDL, GHRL 2
MTOEBICIET 2L VWVWET, TROBEHAENMRIND EWVWS 28T, —REME ZFAZETHVWLIELEHDHD
I, EEBR L IEETHEANOMEDOEETT,

2 &Rf&
BIHER [V o W IBWT,

Bi% f D% (kernel) Ker(f) = {T eV | f(T)=0 € W}
Bi% f O (image) Im(f) ={f(V)eW|T eV}

ERLET, BRI 1AL ELESLT, ZLOADPOMBIEIND V OE7ZEMEZZR L, Bd W OFDZEMTH %,
BEROEHERTHLBE L IZD BV REAOENTRAILTEL, N7 MR X 28RS 23— 22T bl
DIRAMBEEIEHOXTTH Y, dim(X) =n & FT22, ZOHPEMY C X, EXMEB YL Cc X v35L,
YooYt =X ZMRT 2R MLOfEEE dim(Y) + dim(YL) = dim(X) = n 2 LE T,

dim(Ker(f)) + dim(Im(f)) = dim(V)

7z RITEIR (Theory of Dimension) W5,

X
Bl V=R W=R L., T=|y ,ru:f(v)=< T )2:3‘50 ZorE (i) Ker(f), (i) Im(f)
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DEEEXTLERD K 5,
—> - :0
FFICHLIWT, (i) f(T) = 0 BRZ MARSTEL L, { s THEPD, VPR D
2r—y+2z=0
. v (AXE) EwaxsEASER0MERICEr SRV, FEAXORIE, 1 HOEEERH, —o < c <
oEbBW, z=cy=302z=cThHb, LEP>T, c FEEDEKTEHL 5. ZDZEMIT (V) =
1
< 3 > D1EOEENY ML TELNDZEMT, TOXRZ PADBEIKETH 5, & o T dim(Ker(f)) = Lo
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(i) BIF —0 < 2,y,2 < 0 KMLT, EDOXIREMIIBREZDENI e THD, W
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o, TR EHLHE (BEITHANDEE) 5. rank (2 . 1) = rank( 0 ) = 2 T.

dim(Im(f)) = 2, ¥%& 3¥HDODRZ hLiZ (;1> = (-1 (



Bio T () = <<1> , ( 0 ) (=1) <1> +(-3) <_1>> - <<1> , ( 0 >> 5T 2 HO—JHMIT I W = R?
2]\ -1 2 3 2) =1

®N7Fw<(9,<o>>fWV%%ﬁ%%ﬂ\lﬂ%@@Zﬁ@%EE?%oLkﬁomeU%:<3 >
1

dim(Ker(f)) =1, Im(f) = <<;) ) (_01) >7 dim(Im(f)) = 2.

3 T RIRT1TH

Zefi % E D BRI TRV, HE—20DRZ ML ERTEKIZ. FORKICL->THRRTZIeMNTE
%, TITIERT MVZERD S HODZERBANERT 228475 . 2 DDXRT bVZERIIH U TEERY ML TOR
BREHRT 2175, REUTHEEZ 5, WONDREEMRE =T,
3.1 ZHRT5

Fl—DORZ FVZERADEF f:V =V OflZZT 2,
WA/ FUAHRNRZ MLTORS T — MET (ER A > 1, fiih A < 1):
f(@) =7 (EM(LEN =1/]2))

B8 (projection) 7, @ WML T, 7 ® @ ~DIEEF (orthogonal projection) & i&

Pro‘]?(a):a,‘a,a: FiE a
REBD, 200RY MLOBTHEER 0 LT 5L, NEOERD S 3.3:|3||3|cosefxzi“|éf %
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%, B3 @ ZIERULLERY R % DN - ALK/ A DT R B N, ZH T — \ DA &
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ST LDEDEZ T cosf IZRIUI I VD5,
BRBR (reflection) FEMIDS (n1) TH B L &,
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f(Z) =7 —2Projp(m) =7 -2 m

)
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[B1%5 (rotation) MR 6, ¢ £ LT
N cosf) —sinf\ _,
f(@) = T,

sinf  cosf

1 1 0 —sin6
2 WITZEM R? I3, FErERL ( ) (0> REGRLT 0 2 AT 5. ( > — (COS ) <O> — ( s )
0 1 0 sin 0 1 cos 6

0<0<7/2725 EQ x5 1 RITHED, IED y MIORIZE 2 RBANESL, LEdioT, 7 = <$1> =

T2

o) — T _ oty 1 . 0 . 1 . 0 . cosf . —sinf _
v = f( )_f((l’z))_f( 1<0>+ 2<1>) 1f((0>)+ 2f(<1>) 1<sin9>+ 2(0059)

(mlcosﬁ+(—1)x2sin9> _ (cos@ —sin0> (acl) _ (cos@ —sin9> R N S

x1sinf 4 x4 cosf sinf)  cosf To sinf  cosd
WERERDEHIER T MIVBEARTEORAZED 5,

R3 ORHERKE FWT, 275
— — = 1¢ — —> Y1 _3/5 4/5 x S
Bl R? € Z, 7 »ORUZEMADERT, ¥ = f(7) & = M EEETIL,

Y2 4/5 3/5 i)
r1+y1 x4+ (=3/5)x1 +4/5xy 11+ 229
Y1 = —3/51‘1 + 4/51‘2 X 9 = 9 = 5 o = N
{ y2:4/5$1—|—3/51‘2 THIDD, l’g—i-yg:$2+4/51’1+3/5$2:2$1+4Z’2 CORDE =y
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ADMIFIZBWT, HEDPER Y = 2X LOSTOREEZRZDIEET, WO 32T ML) 2 S ERE
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(ijfmﬁﬁYﬂ_zxm%Lfﬁﬂ%fﬁéo:auaﬂzzwﬁ%%x7%wwﬁﬁf%iétir_(J b

L. Proju(®) = Proju () ¥4~ BIRIE 2 SO TE 2 5655605 T 75 2 BIEC. B L THFs fE st S 3
T TEET HlEbD)

3RO EHRIZE 2D T2, 2T FHOBEDOGRICHE SN D, z #izfDe LT, AK v HiEXE5

cosy —siny 0
2 MIDEEZZED SR 0WH S, vy FHD 2XTEER, $74805 | siny  cosy 0| &%,
0 0 1

3.2 RKTY

N7 MVERIZBWTIE, ZOf8 (N7 ML) BREICE->TEE D, REO—XEATRING, 220D |k
VZEE VW OFUDE 2 LT, H2MEGH f BE5a2ohke E ZoMFRERTIR, KBUTH Ay 2o 5,
EHERLR Y — i KOMEZ XL TBIZ 5, ZZTRHAIEFIHLAZL S, & LTH X SIUBEER f 1T 3
— MR Y R OBICE 3 2 RBUTH Ay 2. ZN2HOZEMTOBMERR L — K3 2 RBUTH P,Q
THRNBZ e ZHNE T 5,

Yy x
BER Yy =2z T 2HMTH 2, £V ORKLEEREKe, [, 6,0 & LERED 2HOBZHET 2, 2D f(

) :f(<(1)>) - @ eW, f @) :f(<(1)>) - (;) EW LAHTES, Z02HORY MR ZRERW

Bl 1-1] 20502 P VZeR R? 1051 382 (5I%) £V — W & LT, f((””)) - <y> BEZ D, Th

Yy
B fleeg+yen) =z f(@)+yfen) 2bBW05, 235 UT (FEr), f(6m) & W OEHMERIE (6,7, 6us) I

LB BERERTITIIDEEN2. f(E7) & eurn f(E3) & Eus OBIREANSTH. = HEREUTH Ay £ 5,
SF VREOMERE T LHTREUAZ I L TRT L, 79 A, 13 (F@E0), f(E3)) = (Gut Eus) Ay £ D E

%E@a:ci«()),(l)) - ((j,(o))Afﬁ pyaEEROT, (O 1) - (1 O)Afgm xo
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OEFUBIELIR (518) £V > W f(($>) - <y> W = <<1> , <_2>> DHEEREZ B,

Y T 3 4
(f(ev1), f(€n2)) = (Cwl,€uw2)Af THID D, €1, €uyo ZAIBLRITINIER SRV, 2DDRT ML {e,7, eua}
XKML T, EHOEEEZR T, W OEREEZDI BV, HEOEZHELSL, RZ ML E2EXWRZ LT
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(@, T3) = (Fu, Eu3) (3 ) ) Q L7535 W ORBEE,» SHERZLR . Th o ORI T 2 BT Q A
Benz, HINZV — W O5& A, OEFITIITH 555,
(f(ewD), f(ew2)) = (wi,wz)Ay

ER‘S2R5) 01 = b2 A &b, Q! = Lo = 2/5 1/ T, Ay = QAP =
1 0 3 4 3 4 -3/5 1/10

2/5 1/5\ (0 1) (1 0 1/5  2/5
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Hiy :
Ay =Q 'AP = (23{/55 11//15()) < ) < ) (11//150 ?5//510>

Bl 2| 3L V 25 2 KITER W ~NOEHES [ | 2 | = (9”1”2) PEZ LN L. HL
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REN o =0, =1, m=]1 zw{:() <O1> ¥ UT&M R TR, £BT5
0 1
1 0 0 ) 0
A ZRD B, —HIEERKIZ e, = |0], e = |1, 3= |0 ,%’:<0>,e—w’:<l> rRLTEL,
0 0 1

{01, Eo3 3} — {07, 03, 13} DEBTHIP £, 5 D LDODZEM W NOEELHE: {E0r, us, ewt} — {07, Ws, W3}
DERBUTH Q £F 5.
STEP 1 :5x 60 /=2H V ORIK {07, 03, 03} ZAZHERLIKT {€y1, €us, 03} DRIUTHI P TH T,

1 —1 1 1
RV NOREZ o =|0], =] 1 |, s=|1] 233, ZHMV—VHNOREZH: 0= |0] e,
1 0 1 1
-1 1
o=\ 1 |epm 3=10]6m3 &b, V OFEEEELH H T
0 1
1 -1 1
(01,03,03) = (€u1, €02,€03) |0 1 1] = (€u1,€02,€03)P.
1 0 1

STEP 2 5z 60722 W OEJE {wr, w3} ZIEHERLIK T {€p1, Cun } DRIUTHI Q TERT,

1 0
4 W I i = <1> W = ( ) YD W o W AOBEIE IW OBEIE & 5L
—> —s — 1 — —
@) = e (; 0) = @hane

STEP 3 B f:V — W OIEERRD SIREILEAORIUTHI A 2K 5, I D7D ITHEEILRD SRR

ENOZHROIEEZ. f(en1) = <_(0) +0> - (0)’ f(ez) <_(1)+0> <—1>’ J(es) (—(0)+1> (1)

EoT

@, fE e - @rnan () ) - @A

ZIETZzELHdL

WEESR YV — W . V O—&EE . W O—&EE .
x 1 -1 1
Sff ' e R N (1 ., (o
fo] ae v1=1|0],v2=1]1 |,v3=]1 wy = , Wa =
—To + I3 1 -1
I3 1 0 1
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(07,02, 03) = (€u1, €03, €43) ( ) = (€u1, €v2, €3) P

1
0
W DOEERKICE T 2 RRIT
) - @i () 0) - @nane

V= W AOEERKICET 5 KRIRI1TF

@@ fed) = e (o L)) = @dana
[V s W AO—REEICE T 3 RT3

FE. 5@ 1) = @) (o ) 3) = @Ay

STEP 4 ARG f:V —» W OREP SEBEANDORIUTH A; ZRD XS5, V OREDL S, ZHEZFTE
L. Zhoz W ORERTRT &,

I S e O R S W £) W
°f(v1)_<0-1+(—1)-0+1-1>_<>_1 1+ 0w = (w, 2)<0>’

B A B et R St R W A W
'f(vz)—(0.(_1)+(_1)_1+1.0>—(_1>—0 1+ lws = (wy, 2)<1>,

1-1+1-14+0-1 2 2
. () = T = (%) = 2wt + 2w = (@1, @)
0~1—|—(—1)-1—|—1-1 0 2

L7zD3oT

—

(f(v1), f(v2), f(v3)) = (w1, w2) (0 1 2) = (w1, wz) Af
MR {07, 03,03} L RIE {07, w3} KT 2ERBUTH Ay £ LTRDSN 2, M EOHER, S, DX DOBBRIMKD
Vo TW3,
RITIN D RRTEIE

vy PV oRsts,

p . _ _1




*hok  FRERHE  okok

1 ~1 2
R3 o i JK; i, 1|, -1 KL, 7948223y FVETERBEREEZDSL %L
1 1 1
1/V3 —6/3 0
V3], v6/6 || —v2/2 ]| B ZeEHPD L, £2300RZ FADEDL B 3KIEHTHIHE

1/v3 V6/6 V2/2
ATHNE 72 B 2 blED®D Ko

DEDOBIFEM f 1T L, R QMRS T 2 REUTHI A 2 b 2 X,

-3

LY b f(R) = AT, T = xertyestzes o AT AR D D B, AL LT (f(e1), f(&3), f(€3)) = (e1,e3,e3)A
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1 1 0
1\ (-1
(1) R? c:mm%rg{<1>,<l>}tu@ WCBIREES [1|.[0],] 1] BT 28EER
1 1 1

DFITHI A; 2 b LD K,

11 0 —y 0 —1
tyb:%EODE?ﬁ%??ﬁUP:C _11> 10 alze|, =0 1 @ oty R B
1 1 0
0 —1 3 1
FTRIRBUTHI A= [0 1 [0 Thdd KDBIKRBUTI A= | -4 2| &3,
1 0 2 0
(2) #AEE G
Tty
9((5))( - )
—2z 4+ 3y
-2 6
THEZbh2 &, RBUTHI A, = | 4 —6 | 2. RIUTHIOBBREHDO R ;
-1 5
A, =Q 1.B.P
B e B, &

T2 b UBGULEE (maxima) %4 Y2 b= LTV B4 513, D F ORETHIERO LT 5 BT
PRD BB, 2 DDEGHIEOREE DD DT, MFIFHTET 3.

[maxima DEHR]
(1) ZE#H0IT5%Z AN Fimatrix([0,-1],[0,1]1,[1,0]); G:matrix([1,1],[-1,01,[-2,3]1);
(2) Vv, W D—REEDITHNZAN Pimatrix([1,-11,[1,11); Q:matrix([1,1,0],[1,0,-11,[1,1,11);
(3) —mREEDORIRTHI%ZETEHE . AF:invert(Q).A.P; AG:invert(Q) .B.P;
MUET AF, BG £15%.



