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00000000000 0000ooooooot

00 00 (Cooooooono)

RN

gbbodgbboodobbodobboobboobobooobboobobooobo
uboobooobooboobgoobobobobooboobooboobooong
gbbodgbboodobbodobboobboobobooobboobobooobo
gbobobobobooooooobobobobobobooboboobooboon
gbobgboooooooouboobobuobobbooboboboooooo
gbooooboobooobbooboo

1 Oogoogoo

gbbodboogudgbboobobboobboboboobboobbobooobooon
0020000000000000000000000000000O0O0O0O000O00O00O00O0
goboogobbboooobboooobboooobobooobooobbooboo
gbbobuooobbbuoooobbbuodaoo

1.1 DiracOUOQOOO

00 DiracOOO0D0O0OO0OOOOOODODOOODOODOOODO3000OOOODOO
goooogo

U =R —{(v,y,2)|r=y=0,2<0}, U.=R—{(v,y,2)|r=y=0,2>0}. (L.1)

gbobodgbbouogbbogbbooobboooobbuooobbuoobboobobon
oooobovuy boobooobobooboboobboobbooovu-boobboooboobo
gooboboboobobbbooodgogboddoooooooooobbbobbbooaa

Wu-Yang 0 0 O [J

g(£1 — cos )

T 1.2
rsin 6 o (12)

ODOo00o00obobOoO0bOo0obDOoooO0A,0000d=000000000DO00O0 AL =0
Oobooooboboboobob é=qs00000000OD0ODOOODOODODOODOOD
bbobodoboobooboobobbobooboobooboobobn

Ay = g(£1 — cosb)d¢ (1.3)

A, =

000000 20030 30 1060 60, F2-21 0000
D0D0D000000000000000000000000



Joo0oooooooooooon
B =dAy = gsinfdf A do (1.4)
0o0oooooooooooooooooooogoooo
B:rotAi:%er (1.5)

ooooboobooboooobuoob yoboobboobbooboobobooobobo
Dbooboobooboobon

Dy = dipy —ieAyipy (1.6)

Ooooboooooboobobooboooooooywy, 000y O00OO0O0OOODOOD
Doobooboobguounu-_ogoboooog

o =eHWp A=Ay —29do (1.7)

DoogboboooobooboououLbody,gobooobooboobboobooobo
OoooooboooboobyL,0oboobobobobooonboon

e P = 1 (1.8)

UooOooobbodbod2egbodnobooobboobboonobooobboo
gboobooogon
goobooboboobuoobobuooboboboobuooboobooboboyd
AO0D0O0OO0ODOO0OO0ODOOODOOOOODOU0ODODO0ODObOOODObOOOODODbOO
ODooodoooooOooooo0ooooboooboooobDoOywh ADDOOODOO
000000000000 BOUODOODODODOOODOODODO0OOOooDooooooooao
O000000e %90 U, NU_00000000000D00O0OOO0OOOOO0OOOO
gbbogdgbboodbuooobbooobbooobbuooobbooobboobb
gbobobooobobbboooobbobuooooboboaon
gogbobodbogboboogobbuooobooobbuoooobbooboboooboo
gbbodgbboodbbuoobuodgbbooobbdooobboobbooobbbon
gbogbogoagobliob20b3dtbooboouboobogbudgboobodn
gboooggbbodgbogubooodbbogb1g20b000ooobdag1oo0000
Dbooboobooboobooboobobboobooboobgoobb20b00000
Ooboobooboooob ecpgooboboooooboooo1oookKoboooooooo
gboogbobodgbbogobbuodgbooobooobuoobbboobbil1obboga
Dod1l1o20000000000000D00000DL0O0DOOO0DOOOO0OOODOO0ODO
bobodgbuoggbbugobbooubobooobboobboobobooobobon



bobuogoobobbuogobuoogbbooobbooobboobbooobbobo
gboboboooobbbooobobobbooooboboboooobboboooobobbooo
gbbogobogbdobbobooobbuooobbuooobooobbooobboon
00000000000000000000000000000030

1.2 Cooper pair

oboobOooobooooobobOooobooboboobobobooooobOoog Cooper
OO00oo00bobooooooboobobobobobDbooobobuobouobDOooUdBosed
OOobooooboobooBCcSOOboooobOoboboooboooooooobobOoDbUobo
Yy, 0000000000000 O00000000 Cooperd000O0 boson OO

p(z) = Pr(@)ihy(2) (1.9)
0000000000000 e000000000200000000

—

gooboooooon

gooooooooooooboooooooooooooooooooooooon
000000000000 00000 SQUID(superconducting quantum interference device)
00000000000 CooperUOODOOOOOOO Cooperd00OOOOONO
‘2

. . 2
I oc|eor + ey = 1o+ Al cos(oq — o) = Ip + Al cos (;@> (1.10)

000000 000000000 Aharonov-Bohm O OO0 o; = (2¢/h) [, Ads 0000
Do0odebobOobOobObObO 220000000 OODODOODOOODODODO

O00d0O0000oQooOo20000booogooogoono
2e

%45: 2mn (1.11)

O.00000000000000D000AbrikesovO00000D0OOOO0ODOOOODOO
OO0 Cooper DO DOODOO pOODODODOOOOOOOODOODODOOOODOODOD
ODO0yp000000000000000O0b0 2200000000000 000D0O0ODOO

dddedgooooooobbbbboodooooood
‘000000000000000000000D00000(([@OO0D0D0)D0000000000000




1.3 bDUdgooobobooooobbbooooad

gobobogobbuogbobooobboobboobobooobbooobooobon
gbobobuoooobbbdooobobbbooobobboaan
ggoogdbobobuoooobobuogogbbobuoogbbobuooobobbobuoooboo

O0oooOooooooo
v+tw

-

gbooooooooood

0odo0oooooodoodoooodonoooooooooooooooooonoon
dooodooooooooooooooooooooooooooooooooon
000000000000 0o0ooooo0d {ey,--+,e,} 0000000000000 @
0

v=ve +---+v", (1.12)

gbobodbbuoggbbuogbbooobbuooobboobobbooobbobbon
gboobooooggboooboogan

vt vt v w vl + w!
Moo= ] = (1.13)
" A" " w" vt +w™
000000000000 0D0D0DO0bOoooogd
000000 1000000000000 ooo0oooooooooooooooag
000000000000 000D00DO0DbO00O00D0ODO0ODO 200300000000
0000000000000 0000000DO00000000oDooOoD0ooDooooDOoon
O0000000000000000000000000000 00 unit vectored OO0
000000000 2000000000D00D0O0DO0DO0OODOODOO

v =ve (1.14)

vUO00000b0odbbedbUodbb0dvgboobboobbooubooboo
0000000000000 00000D0 e=ee/00000D00COO0OO0OOODODO
gbooboogoboboboooobbobuooooboobod

v=ve=1ve =vae (1.15)



000000000000000000000000v = 000000000 (1.14)0
00000000
v =300cm = 3m = 9.8 feet = 3.3 yard (1.16)

gbbobooduggbbobunobugd=u00dxbbuooobobboooobbogao
0000000 100em =1m,1feet =3048 cm 0000000000000 OOOO
gbbbuooobobbbdoodgobbbdooobbboooobbbodad

gobooguogoboogbboobbooobobobboobbuoooboogbn
gbobogobbooobbooobbooobboooboobbooobooobobo
Dodbobooooobobodboooboobobobooboboobobobo1bo
O =52800000000000000000001000 =80 bUugubbuogooog
10000 =10000obogabbuooobboogboooobooobobooboobn
dimensional analysis U0 0 0000000000000 DOOOO0OOO0OOODODOOOOO
gbobogoobon

1.4 0O0OOO

gboobooobobobooobobobooobobobbooboovoooobo OO
00000000000 eVOOOODODOOO0OOOO0OD0O0OODO0O0O0OOp= (e, -,€,)
gbobOobOdpdbbboooobbbuooooboobbboooobon

Ul

p:R"—=V, D= oley oo F 0", (1.17)

/U’I'L

00000000000000000000000000000000000000000
00
F={plp=(e1, -,e,)0VOODO} (1.18)

0000000000000 0000000000000000000000000000
0000000 FOOOOOODOS0000000000geGL(n, R)0 n000000O
0000000 ¢0000000¢:R"—» R'O00000000 pog:R*—>R*—V
0000000y =pog000O000O0O0OOOOCOO

plg| | (1.19)

i000000000000000000MO0000000000000000
‘0000000000000000 (Stiefell) 10 000000000000O0DODOO0O



bogdgbboooboogbbuogbboobbobobooobbuoooboobbon
0000000 (1.15)0n000000000000000000O0g000O0 pO0OODOOO
00000000000 G=GL(n,RH) 0000000000000 00O0O0OO0

FxG—F, (p,g) —pog (1.20)

Dboobooboobooboobobbobooboobooboobb
000o000oO (12000000ooooooog

(1) 000 O(pg)d = plgg)
(i) 000 ec GOOOO pe FOOOOOOOpe=p
(i) 000000000 pp e FOOOOpg=p 000000 ¢eG0O0000000

0000000000000 000000000000000000000 reference O O
0 pe FOOODOODOOOODOOOOpe FOOOO pyg=p000¢geGOOODO0O
000000000p—¢000000000000O000O00000000000 101
0000000000 Oreference frame 000 00000000000000000000O
0000000000000 0000000000000000000000000000
oooooofood
00000000000000000000000000000000000000000
00000000000000000000000000000000000000000
00000000000000000000000000000000000000000
00000000000000000000000000000000000000000
0ooo
0000000000000000000000000000000000000000
000000000000000000000000000000000000000000
O0000O0O0FxR'O0000O000~000000

(p, (W', ...,0"), (¢, (w',...,w")) € F x R",
(p, (W', ..., 0") ~ (¢, (w',...,w") = Ig€G, pg ' =q, glv*,...,0") = (w',...,w")

0000 (L.17)oooodp(el,...,v") = (pog H(gMt,...,v")) 0000 (p,v) D (pg~t, gv)
o000 vioooooooooooooo~000obobbooooooooobobobooo
gooooooooooad

Ap, (@', .. 0] = [p, A . ™M), (1.21)
[p, (W', ..., oM+ [p, (W, ..., w™)] = [p, (W', ... 0" + (W, .. w™)] (1.22)

‘0000000000 00 (groupoid) 0000000000000 O000D0ODOOO0ODOOOOODOOOO
booobooooboboooobooooboobooooboooobOoboooooboooooboaon



000000000000 (FxRY)/ ~000000000VOOODODOOOODOOOOO
goobodobobogobbuogboboobbuooobbooboobobbooobboboboo
god

1.5 ODO00oooobon

gobodbbogbbooobbuoobbooobooobbobbuoobobooon
gooodbbogboboobooobbooboboooboboobbuooobobboo
bogdgbboodgbbobodgbuodbbuooobbuoobobbuoobbooboboon
gbooobogooboboggo

gobogoboboobboobbuoobbooboobbooooobbuoobbobo
gobobbobobobboboougbboougooooooobobbbbobbboodgdggaa
gbobodgbbuogobbuogbbooobuogbbooobbbooobooaobbon
goobobgoboboodbobooobbuobnbooobbooobbuoobooboooboo
odddoddoooooououooooaooooboobbobbbobbbbbboododooo
gbobogbobogboobboobboobbuoobbuooboboobbooboboo
gobogobuogobogbobogobuooobboogboooobbuooboboboboo
bogboboodbbduoubbuoobooobbooobuooobbaobboobbon
good

gobodgbbogobbuooobbogoboboooboobuoobbuoobooobon
O000000000000D0 Poincaré-Hopf OO OOOOODOOO

00000000 = EulerO (1.23)

OO00DOO0000b00bobD00 Rer00 2000000000000 00D0OOOO
OO000D00 EuerDO00000ODOODOOOOOOODOODODODODODOOO

ubboobuoobbooboobboobooobo

gbboodgbbuoogdbbuodgbbooobbuooobboobuoobobbooabbon



00000000000000 20 »(x)00000000000000000000000
000000000000000000 {ei(z),ex(x)} 000000000000

v(r) = vl (2)ei(x) + v¥(7)ey(x) (1.24)

020000 (v(z),v*(z)00000000000000000000000{e;i(z), es(z)}
0000000000000 0000000000000000000000000000
00000000000000000000000000000000000000000
00000000000000000000000000000000000000000
000000000000000000000000000000000040000000
0000000000000000000000000000000000000000O0
00000000000000000000000000000000000000000

.M

ooooo Mobooooboo rr,MO00000

00020000 S?00000000-0000000000000000-,00000
MOO0O0O0O0O0O0OOOO0OO0OO0OO0O0O000000000000zeMO00000000T,M
00000 (e(z), -, e.() 0000000000000 000000000000OOO
00000000S?00000000000000000000000000000 ey(z)
000000000000000000000000000000000(ey(x),---,ex(x))
0000000000000000O0Oeu(z) 0000000000000000000
00000000000000000000000000000000000007000
0oooooo

0000000000000000000000000000000000Dirac0000
00000000000003000000000000000000000000000
000000000000000000000000000000000000000000
000000000000000000000000000000000000000000

mO0000000000000000000000000000000000000000000000
booobooooboobooboooobooboooobobooooboooboooboooo




000000000000 0o0dU (1L.yoooooooooooUoooooooooooo
gbobogobbogboboobbogoboobbuoobbooobboobbooboboo
bogobbuoguogbugobbuoobbooobbobbooobbooobbon
gbooboooobboago

ggbbogobboogbobooobuogbooobbooobboobobooooooon
bbogobdobuoodgbbduoobbooobbooobooodobbooobbon
gbobogboboboobboobbboobooobbuooobbuoobobooobboo
goboogdgbbugobobboobobooobboooboooobbobbooboboo
Dogbobobooboboboobobuooboboobobbobobuobboobo
gboodgbobodgbboobuoobbooboboobboboobbboobuoobbo
goodgbbuogobuodgbbogbooobbuooobboobboobooobobon
Doobooboobooboobod

2 O0Ooooobn

ggobbboooobbobbooooboobbbooooobbboooa, bbb
bbomobboobbuodobboobbuoobm2obbooooobobobobbd
gobooboogogogobbobobboomobbobodoobogooobobobogo
Ooooooboboomobooon, 19920 40 80 180D ogooooooog
gbbbuogobbbuoooobod

0000000000000 MOO000000 (vector bundle)E 0 O
() E0D0O0O0O0O000

(i) 0000000 #z: E—>MOOOO
(i) 00 ze MOOOO E,=73;'(+)000000-,000000000000000

(iv) MODOOD {U,})00000000000U,cMOO0O UU,=MO000000
0U,0000000000

bo i T (Us) = Uy x R (2.1)

000000z€eU,0000000¢a(z): E, =75 (z) » {z} x R~ R 0000
0000000000

000000000000 (E,M,np) 000 (section)00000000000¢: M — EOD
000zeMOO0O007mg(e(z))=2000000000

000000000000 Le0 GOOOODODDOOOOO MOOOOOOOOO (principal
fiber bundle) PO O



() PO0OODOOOOO
(i) 0000000 #p: P>MOOOO

(i) 0 GO pPOOOODOOOOOODOOOOOOOOOOOOOOOOOOOOOOOO

oo
PxG— P (pg)—pg (2.2)

goooooooo
(ii-a) 000 pe PO g,¢' €GOOODO (pg)g' = p(99)
(iii-h) D00 pe POOOO ee GOOOO pe=p
(ii-c) OO0 pe PO g GO O OO 7p(pg) = mp(p)
(iii-d) mp(p) = 7p(p) 000 pg=p' 000 ge GOOOODODOODOOO

(iv) MOODOO {U,}000000U0,000000000006,:U,—PO00O00O0O
000000 z€U,0 mp(oa(z) =2 00000000

0000000000000 00E=MxROP=MxGOOOOOOOOODOOOO
Oobooboboobobobobtb e M —-=POO0OOOODOODOODODODODODO
gboobouoooobbodoogon

0000o0ooooooooooo (PM,mp, G {U,,0,}) 000000, NUz£0000

05(z) = 00(2)Yap(x), reU,NUg (2.3)

OD00000y.,p:U,NUs =-=GOO000000000O0vY,s0 POOOOODOODOO
00o0o00o0o0ooo0oooooO  POOOODODOOGOOOPp:G—GL(r,R)O
000000000000 p0000 POOOOOODOOODO (associated vector bundle) O
Oo000000000ooD geGdd Px RO

(p.v) = (pg", p(g)v) (24)

0000000000000
E=PxR/G=Px,R (2.5)

gbooogobboboaooobon

000000000000000000000000000000 E,=xz'(x)00000
Doboobbooboboobbobbbobobb PODb0Os0DbOODbO0ODbO0ObOODOOg
OO00000bO0O00o0bob ¢,ccddbboooooooboooob v, cMOOOODO
D000OMOOODDOOO0DDOO0OO00000000000000D0D00000 P, =mp'(z)
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O000xeMOOOOOOOOOO £,00000000000A0030r reference frame O
ooooooooooogoog e, ooobbbobob v, 000b0b0DbDODO20000 U,
OUs00000000000O0wvys000000000000000000000000¢0
Oooboooobobboooobobbooooobooo
O0000000000000000000000 (Hepf)DOOOOODO U(1)ODOOOO
00 S?00000000000000000000 Hopf fibration, Hopf bundle 0 0 0 OO
ooobodoobobododobboooboobboooobbooobbboooobboo
Oooobobobooooobobboooooboboooobobboooobobbooooooo

3 Uuobouoooobooobogo

oodooooboooooooodo0 MOOOoooooooooooooooobooo
000000000000 ¢(x) 000000000 MOOODODOODODODOOODOODOOO
00000000000000000 {(¢(x)) 000000000000 0OOOOOOOOO
0000000000000 00 (p(x))000D0D0OOOOODOOOOOOOOODODO
Ododdooouoooooougoooodoooooooobooooooonooogo
000000000000 (¢px))00000000000O0O0OOOOOOOOOOOOO
dodoodoodouoouoooooooooonooouoouooooooooogo
O000000000000000DO0DO0000D00000DO0OA0O topological defect 0 0O O
O000OOvortex O OO ooooooooooooooooooouooogo
dodoouououououoo

000000000000 000000000000000000S?00000000
odooooboootuootdoodobootoodooooooboond vortex O
O00000000000000000O0O0T?00000000000000000000
Oodoudodododoudoouoobooouooooodvertexd oo
dotddobodoobtdoooootuoootooouodootoooooooouooo
0000000000000 0000000000000D0000000Ohep-th/0105196,
hep-th/0108208, hep-th/0205053 0O O OO

oo obtbdddoooooooooooooooDbDboDbDn
oo 2000000 ouoooouoouoo
dodooodoodooooooouoodoodooooouooooooooogo
0000000 hep-th/9902070 hep-th/9912229 0O O O0O0OOOO

4 O0O0O0O0OODOOO

gbogboooboboobobooboobobuoobobooobobobbobon
gbobugobobbogbbuoobuooobbodgbbuoogbbooobbbobo
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gboboooobbboooobboooobboobobuooobbobooobobooobboo
gobogoboooboobobobbooobbuooobooobbuoonobooboboo
gbbodgbbbodgboodbbuoooboboodboooboobbooobboon
gboboooobbobuoooobbooogbobooon

4.1 0O0000O0OO0O0O0OO

ggbobobuooogbbboooobbboooboboboooobod
0000 (Desargues 15930 1662) 0 0 000000000000 OOO0OOOOO

20 A,/A000001
20 B,B'0O00O0OOm 010 POOODO
20 C,Cc’'00000n

gboooooobo

200 BC,B'C'000 L
200 CA,C’A000 M s0100p0000
200 AB,A'B'0DO00O N

O000000000000000 (Pappos 3200)00000000000O0O

00 BC,BCOOOP
}DDD 00 CA,C'A0D0D0Q 010000000
00 AB,ABOOO R

30 A,B,c0 1000000
30 A,B,C'0 1000000

gbooogoboboagobon

00, dcO00D00ODp
}DDD 00 cd,da00000¢ $01000000
00 aeb,db00000 7

300 a,b,c0 100000
300 .0, /0100000

00000000000000000000000000000000000 (Poncelet 1788
01867) 0000000 (1822)0 00 0000O0ODODO0ODODODO0O0O0OCOO0OO0OOOooO
goboboboobbobboogoogobobobotouooooooobboobbbboogaa

ooooo
0 « 00

Ub <« D000
Doobobobooobobuooobobobobooboboobobobobooobobo
gboobogdbbugboboobbogbooobbobbuoobbooobbooboboo

good
gbogbobooboboobobobooooboboobobooboboobon
gboobog20bbboogobbuoggbboobodobobbuoobbobodg200b000
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gbobobobobobobooboboboboobobobooboooboboobooooobom

00000000000000002000000000000000000000000
D0000000000000000000000000000000000000000
000000000000 000000000000

000000000000 0000000000000000000000000000
D0000000000000000000000000000000000000000
00 (21, 72,73), (y1,92,93) € R —{(0,0,0} 000000 ~0O

(w1, T2, 23) ~ (Y1, Y2, Y3) 1 TN € R, (Aw1, Axo, Ax3) = (Y1, Y2, Y3) (4.1)

0000000000000 000000 (a1,22,23) 00000000000 [27 ¢ @y : 3]
uobbobbbogoboddobibilbx rxe 230 00dgoggoonoooon
O0300000000000000 100oobject 0 0O0ODOOO0ODOOODODODODOO
goooogooon RP2:R3—{O}/NDDDDDDDDDDDDDDDDDDDDD
[t1:20:23] 0100000000000

CL1[)31+G2{L‘2+(13!L‘3 =0 (42)
a1y1 + aye + azys = 0 (4.3)
O0fa:a0:a3]0000000 20 [z7:2e:23), [11:y2:y3] 0000000000000
[1: 2 23], [y1 o 93] D000 a1 s as:a;) 00000000 200000000000

Doboobobooboobobobooboboobbobobobboboboobo
Doobooboobooobooon
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ggbobobuoooobbbouoooobobbbbooodon

f(z) (4.4)

00000000000 02x0000 fOO000000O (4.2)0 f(ry,2e,2z3) =000000
(x1,20,23) 00000 (a1,a0,a3) 0000000000000 O0O0OOOODODOOO

z(f) (4.5)

0000000000000000000 f(x),9(x)00000002000000000
Oo0o00D f0g0OobOOO0O0OOODOOOOODOOOODOOOODOOOODODOOOOO
00000000000000000000 2z,y00000000 f,¢g000000 f(x)
O f(y), g(x), g(y) DO0OODOO0OODOOO0OOO0O0O0OO0OO0OO0OO0OO0OOOOOOOOOOOOO
gobogobbooobbooooobooobbuoobbuooobbooobbobo
Ooboboooboboboobobooogboooooobbooboooooofb 20D
O f(x)D000000000C0000000O00O0O00000 fO000 0000 z(f)
gboboogooboboooobboobbooooboon

flx) =a(f) = (f,2) (4.6)

OO0o00o0OooobO0obobO0obobobooboobobofb2zO0D0ODODODOfD
U pairing 0 0000000000000 O000O0000Dpairing000 0000000
ouogboboobodgbbodbtudbparing 00 OO0OOOOODOOOOOOOO0O
0000000000 (2,y)y 00 0000000000000 C0OOOOpairing0O0O0O
Dooboobooboobn
t000000oboooooobooooooobooboooboooooOon fOboO00DOO
O fO000,000000000DO00DO0ODOOOOODODODOODOOOODOODOOD
bboboooboboboboobooboobon

gogobbuooono —000oon

00000000%MO0000000000000000000000000000000
god
ooboobooooboobbo..000b000DbLfOO0DO0ODOOO0OODODODOOODOO
OO000zxzeVOOODOOODOOODOfeV*ODOOUODOOOOODOODDODOODDOOD
gboboodgbbobbuooobbodgbboobboobbuooobboobbobbon
gbooboooooboboooobbobuooooooobbobuoooobobooboaoon

S0000000 No.l0 OODODDOODODMMOODOOO,00000000O0p.600000000000O
gbooobobooobooooboboooboooobobooobooooobOooOobooobooobDOooboOomo
o0000O0 —O0O0OO0OODOOOOOOODOOOOOOODOOOOOOObDoocOOOODOODOOOOODOO
ooobOoboooobooboobooboooobo
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4.2 0OO00O0OO0OOOOOOOO

0000000000 000000000D00 (Banach algebra)D 00000000000
Ooo00O0oOoooooboooobooo Aoboooboobooooo

(i) ADODOODOOOOO0DO00OO00000C0OC0O0ODODODOCOODODOOO0O00O0oOOm

(i) ADDDODOOOODODODOO0000000000A,BCeADD0O00 ABe ADD
000(AB)C = ABC)000000

(i) 000000000 M,k e€C, 4;,B;e A(i=1,2)0000
(MA1 + AAs) (11 By + p2Bs) = M A1 By + Apia A1 By + Aapin As By + AapinAs By

(ivi Ac ADDODO ||A|00000000000000(A0000000000(A]l=0
000 A=00000[AA[[ = |Al-[[Al0DDO[A+ B[l < [[A]l + [|B[|0[[AB]] <
1A -|B||D0D00D00O0

(v) ADODOO||-||000000000

0 10A4=Mat(n,C0000»000000000000000000000000000O
000000000000000000000A4 € Mat(n,C)D0000 ||A|]?2 = Tr(AT4) =
Y., 452000000000

0204A=Cy(XD00000000X000000000000000 (Hausdorff) 0 0°0
000000000000 f:X—»CO000000000000000000¢e&(>0)eR
0oooo

X ={z e X[[f(z)] > ¢} (4.7)

gbbbouoogobbbuoooobod

f(z),g(x) 0000000000000 O0OOOOOOOODOOODOOOODODODODOOOO

AN)(x) = Af(x),  (f+9)(x) = flx) +g(x), (f9)(z)= [f(x)g(z) (4.8)

‘00000000000000000000000000000O00000000O000000000O0
ooooboooboooooboooobooobooobooooobobooobooboOoboooboooobooon
booobooooboboooobooooboobooooboooobOoboooooboooooboaon
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gbooboooobobobuooobobbooooboobon

1]} = sup | f()] (4.9)

0000000000000 00000000000000 Cy(X)oboooooooooo
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r(AA) = Az(A), z(A+ B)=z(A)+z(B), x(AB)=z(A)x(B), (4.10)
|2(A)] < M,]|A]| (4.11)
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gboobgoobbooboobobob

A=Clz] ={f(z) =ay+arx + -+ az" |ag,a,...,a, € C} (4.12)
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L = {p(x)f(2) [ f(z) € Cla] } (4.13)
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oooboobbbee,pecobooooogn

log ={(x—a)(z - B)f(z)] f(z) € Cla] } (4.16)

gboooboooogooon

lo={(z—a)f(z)| f(x) € Clz] } (4.17)
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1, CJCCla] (4.18)
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A" ={z: A— C|z #0} (4.19)
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00000000 IlIcAdDOOOO

Fr={z: A—=C|z(A)=0,Acl}CA (4.20)
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0000 XO0OO0OO0O0000000000000 A= Cy(X)0000000000
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00000000000000000000000000000000000000000
00000000000000000000000000000000000000000
00000000000000000000000000000000000000000
000000000

0000000000000000000000000000000000000000
000000000000000000000000000000000000000000
0000000000000000000000000IJ4JI000000000000
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dydp
bla) = [ o (y) (4.21)

Dbooboboboboboobooboobooboob

) dydp . _
—ihg-(a) = [ S py(y) (4:22)

0000000000000000 A(z,p) 0000000000000 (pseudodifferential
operator)P(A)0 00000

P(AYW(a) = [ DI cwtevim A, p)i(y) (4.23)

0000000AO P(A)OOO (symbol) 000000 (4.23) 0000000000000
00000000000000000000000000000000000000000
00000000000 P(4), PA(B)00000000000000000O0O000O

P(A) o P(B) = P(C) (4.24)

OO00O00o0o0obO coooobbooooboboooobooooobuooooboooboog
goooooooo

=1 O"A0"B
C = —ih)"

(@p) =3 iy G 2o

n=0

0000000000000 000000O00000000 A(zp)DD0D0OOOODOOODOO

(4.25)

n!

dydp .
W (A)(z) = % eiP@=y)/h A <$2+y,p) »(y) (4.26)

O0oooooooooooooooon
W(A) o W(B) = W(Ax B) (4.27)

gboboooodgobobod
ih
= Aexp (2(89681,—81,096))3
(4.28)
000000000000 0000000 (0,0,—-0,0,) 00000000000 000O0
0000000000000 000000 (AxB)(x,p)0000000O0OODODODDODOO

(AxB)(x,p) = Z 2 Ox™ Op" Op™ O(—x)"

m,n=0

© 1 [(ip\™T" gmtrA gminp
m!n!
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lim (A * B)(z,p) = Az, p) B(z, p) (4.30)

OO0 pointwise D DU UOO0O00O00000O0O0OOO0O0O0O00O0O0O0O0O0O0ODOOOO0O

ooooo " "
1im,i(A*B—B>x<A)—8 9B _0A0B

n=0 ih " O0xdp Opox
00000000000000000000000000000000000000000
000000000000000000000000M0

(4.31)
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