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000000D000000000000 T:a(s)— &t) O
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00 3.1. C.(R) O Co(R) OO0 (dense) DO OO
0000000 0<6,(t) <100
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ITsf — Too fIl < NTsf — Togll + | Ts9 — Tsogll + 1 Ts0g — T f1]
=2[If = gll + | Tsg — Ts 9l
< 3e.



ooooogo
Sh_gt I Tsf = Ts, f]| = 0.

O

00 0 OO (approximate o-function) 00000000 {0 <, €
o)} 0D

(ii) Vr > 0, lim |0,(t)|dt =0

n—oo |t‘27’

gooboooggno
0000000 (@)oooooooooo
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0000000 {fu(t)}les: OO

Tim [[f, ~ 7 =0
Oo00oooooonon
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00 3.6 (Bernstein).
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oooooooo
000000 f00000000000VYe>0,36>0,

=t <o=[f(t) - f() <€
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000000n> 2500000
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gooboggoo
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good
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0000000000000 000O0oooooo o100
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0 otherwise
og0ooo
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Il Il = 5
ooooog

Jim || fulle =1, Jim [|fullo =0

Ooo00ooooooo {f,}000000000000OO0OOCOOO0
gooobog
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oOoooo | |,0000000000000000000000000
00000000000000000000000000000000
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() 0 kOOOOOO {an(k)le1 000000000000
(i) 0 kODOODOODO a(k) O
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00000000 e={a(k) 002 000000000000

> la(k)]? < 400
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gooobog

(ii) O {a,} OO0« O0O0O0O0O0O0O0OODOODOO
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gobobobobobuoguooooboboboboouooooooon
gobobouoggbbooooobboboooagon

000000000 {newr 0000 (orthogonal) OO (En) =0
gbobobooooobooogbobobtbo obogoobooooooon
OO000obOO0obo0ooboobooooooboobobOo ScrbOOODOO
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0ooo
00 s+000000000000000000
000000 {e }ns OO

1 if m=n,
(emlen) :{

0 otherwise

000000000000 (orthonormal system) 0000000000
gobooo

{ewin > 13" = {0}

0000000000000 (orthonormal basis) 00 00O
000000000 (Schmidt” orthogonalization) O 0O O O

00 5.1. (000)000000000000O0O0O00OOO0OOOOO0
gmoggoobobodto
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O dimx 0000

00 5.2. 0000000 200000000
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oo
f1 = cos ey + sin ey,
fo = —sinfle; + cosfes,

f3 = €3,

00000{f,}.» 0 200000000000
00 5.3. 0000000 L¥—7,m) 00000000

1 ., 1
e = cosnt +isinnt), n=0,+1,£2,...
V2T \/271'( )
O000oooooomooooooooononn Weierstrass O O O
0o

en(t) =

0 19.
(i) D000 cosnt,sinnt (n=1,2,...) 000000000000

(i) 000

sint,

1 1
cost, cos 2t, sin2t,...}
{m NG f f v
O0L*(—7,7)0000000000000O00OO

oo0oooooooooo
chdimH
HNERERE

00 54. 0000000 0000000 {entws 00000000
00000 (en OO

o0

£ = Z(en’f)e

0000000000 (Parseval’s equality)

o0

(&ln) = Z(f‘en)(en’m

n=1

gooobog
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Proof. 000

o0
E= wxex
k=1

000000000000z, =(e6) D0D0O0O0DODOODO
bbb n040gon

n

&= (erlden

k=1

gobooo

n

(€l&n) = " (erlO)(Elex) = (&alén)

k=1

00000 Schwarz’ inequality D0 000000 [|&] <[ 00000
gdodooodooooooouodod n—oodooogno
(Bessel’s inequality)

> el < i€l

00
k=1

gooobog

n

I6m —&all> =D I(exl§)?

k=m+1

godoodoooooood
6 = &all* < lim_[(exl€)]* =0

0000000000 {&,} 00000000 kOOO0OO0O00oooOo
gooobooooood

000000000 00000 ¢=¢é . 0000000goonooon
(erl&n) = (ex]§) forn > k0000000

(erl€ — &) = lim (exl€ — &) =0
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00000 £>1000000000000000 £-¢6,0000 {ex}
D00000000D000D00000E=¢é ., 00000
Parseval’'s equality D0 OO0 0O0Onper 0000

n= (exlnex

k=1

gobooo

o0

(€ln) = lim (&alna) = lim > (Elex)(exln) = Y (Eler)(exln)

k=1 k=1

gooboooggno 0
0 5.5. 00000000000000000O0O0OOOA 0000000

0000000 L—m7) 0000000 {ennez 00000000
0000000000000000000000

‘ 1 [" .
Y N
2 ) _»
nez
000000 f(t) 0000000 (Fourier expansion) 0000000
gbobobbobuoodoooooobbbboboouoooooobobooon
000000000000 f(¢y) 0000000000000 00Ooo0n
gbobobooggbbooooobobbouooan

O 20.
= Jim €= Jim
Dooooo
(€ln) = lim (&aln)
0000

00 5.6. 0000000 H=L%—mr)000¢&E) =t (—r<t<mn)
0000000000000000000

/Zﬂ%ﬁ:{%NAWM/ﬁn#Q

0 otherwise

—T
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OO0O0O0O0O0OParseval DO OO

y Lo
_
nZln 6
ogoodogd

021. 00 ¢() =12 (—r<t<m)00000Parseval 0000000
0000000000

6 UogoQd

dooooo vooooo Ko
ryyeK = tr+(1—-tlye Kfor0<t<1
O000000000000000 (convexset) 0000000
0 22.
(i) 000000o0ooOooooooood
(i) OOOoO0O vOoOooooooooooo
(i) DOooOOOOO R2O00000
{(z,y);2° +y* <1} C K C {(z,y);2* +y* < 1}
o000 Kooooo
00 6.1 (0000). 000000000 z,y0000O0O
2+ ylI* + llz — ylI* = 2|z [1* + [ly]]*)-

00 6.2 (0000). 0000000 HROOOOO KOO yer OO
OoOoKDOOOoOo

K>z |z -yl

gboboboddg «000b000goobog
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Proof. 000000 y¢KOOOOO
p=inf{||z —yll;z € K}
00000KOOOO {zp}nsy OO
Tim 2y —yl| =

gobobobooggboobood
O00000{z,}0 xOODODOOOOODOOOOOOOO

[2m = 2ol = [(@m — y) = (20 — )|’
Tm + Ty 2

= 2l|zm — ylI* + 2llzn —y[* — 4 5

< 2l|zm — ylI* + 2llzn — y)|* — 4p*

— 0.
O000o0o0ooooooooooooo-

Too = lim z,

n—oo

gooobog
OO0O0KOOOOOoOoOoODOOD0ze e K OOODO

[z = yll = lim [lz, —yll = p

gbooogggboogoooon
oobooooboboboobobbodg ze K OUODODOOOODOODOOO
goo

2

2

[zoo]] = 2||z00 — ylI* + 2[|z — ylI* — 4 -y

U000 z=2,, 00000 U

00 63 (000000). 0000000 xOODOOOO EO0OOOO
b zex OO

r=y+z yEE, zeFEt

goobogogbod
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Proof. EO0O0OO
E>y |y -z

0ye EOO0DOO0ODOOOODOODOOOOOOz=2—yekEt0000
OO00O000b00b0 ecpE000000OO00OO

Rt~ |y+at—z|?
O0¢t=0000000000000000y =y+te000M
(alz —y)+ (x —yla) =0, a€ckE

00000 4« 00000000000000(ajz—y)=000000
r—yeEt0000000000ENES={0}0000 0

7 googo

OO00O0O0OO0OOocCOobObOvoooogvouoooooboogg ¢:V—C
HEN

pv+w) = o) +pw), e(hv) = Ap(v)
00000000000 (linear functional) D000
oo 7.1.

(i) V=C"00000000000000000000 ¢:V —=C
HEN

U1 U1

v = '_><<101 Qon) :ngjvj
=1

Un, Un
gdd
(i) VOOOOODOOOO0O0OO0OOweVOOOOOOOOOO o*0O
v*(v) = (v|'), VeV
goodooooooo
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00 7.2. 000000 Cle,b)0000O0O

() 000000 cefe,b] 00000

[ fle).

0000000000000000eb 000000000 ¢ <
ty<--<t,000 wi,...,w, 00000

fe Y wif(ty).
j=1
(i) 0000000000 A OODOO0D
b
fo / F(h()dt.

gobobobooggboobood

0000 (i) 000000000000 00ooooo

n

fe Ra(f) =) (=) f ()
=1
000000000000000@G) 000000000000000
O00oooooonon

b
f o R(f) = / F(t)dt
O0o00Oo000o0n0o fOO000O00O0O

R(f) = lim R, (f)

n—oo

gooboogoggno
goboboobobogogooboobobobbbobuoooon
gbogboboboobbobobooobobbobbobbooobago
gbobogoboogboobbbogobbuodgoboooboogona
oboboob viobooooboboobobooboboooooo
000 f:V—-COOO (continuous) 000000
lim v, =v = lim f(v,) = f(v)

n—oo n—o0
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obooboboooobobo voboooboboboo vrooooovr:
gooo

(f +9)(w) = f(v) +g(v), (Af)(v) = Af(v)

O0000000000000000 vOOOOO (dual space) 0000
0000000V {0}000000000000000OOO00O0OOO
oooov-ooboobobooobooboobooboobobon

00 73. 000000 f— R(f) 000000000000 O0O00OO
gbobobobobobodogoooobbbbbbodoooooobooboon
gooo

00 74. 00000 VOOOOOOO fOO00O (boundend) OO0
goo

{lf ()0 e V]l <1}
00000000000000000000 M>00000
o<1 = [fl)l<M
000000

00 7.5. 00000000000 o00000() 0000000
00 (i) DO0000000 (i) ¢ (0) 0000000000000
0o0oooo

Proof. ker 000 O00D0O00DOO0O
p(v) = inf{||v + z|;2 € p1(0)}
00000pw)=0 < vep 1(0) 000 p(Av) = [Ap(v)Opv) < v
O0000000weV O pw)=100000
V =¢10) +Cw
googooao

Alp(w)  p(Aw)  plr+Iw)  p(v) 1

[p(z + Aw)| = |A] = p(w)  plw)  pw)  p(w)
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OOoooDOo foO00OO

11} = sup{|f(v)[;v € V. [lo]] < 1}
000000000000000|f|000000 V*00000000

00 7.6.
If|| = inf{M > 0;|f(v)| < M|jv| for any v € V'}.
oo 7.7. 00gng V*DDDDDHfHDDDDDDDDDDDDD

Proof. ||f| 0000000000000 O0O00OOOOOOOODOODOO
gobobboogobbooooobbbooooobouooooooon

m

I}IIBOO Il fn = full =0

000000000 veV OO0000{f,()}.>1 0 (00000000
0000000000000

f(v) = lim f,(v)

0000000000000000 /,000000000000000
fO0000
f000000Ve>0,00000 m,n>NOOOOOO

[fm(v) = fu(0)| < [ fm = Sulllloll < ello]

00000 »00000000000m—o0c00000
[f(v) = fa()|| < €l
00000000000 0000000 f-f 00000
If = full <eVR >N
00000000 f=(f-f)+/f, 00000000
Tim [|f = fall =0
oooo O
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00 7.8 (F. Riesz). 0000000 00000000 f:H —C
D0000000000 e 00000 f(z)=(zz), sex 0000
00000000000f=2MM0000 00000000000
OO fl=1=00000

O

Proof. E={yeH; f(y)=0} DOODODUDFO HOODODODODOOE="H
000000:=0000000000F#+x 00000000000
O00x=FE+Et0000

00 F-000000000000000000#¢2€ B (j=1,2)
D000D0f(z)#A00000f(21) 21— f(22) ' €ker f0D0D0D0DODO
000 oO0oooO

00 00100000 € B-0000000z2=X2 00 (2]2) =

flz0) 000000000 DO0OO0D0O0O0OMN=f(z). ODOODOOKROODOO
U000 z0 z2=y+puzxo 0000000

f(x) = pf(z0) = p(zlz0) = (2]2)

O0000zePEB-OOOOOODO
00000y ++7 0 0000000000000y € B+00
(2'|z0) = (2]20) DODODODyY =0,2=20000
gogdoooooobbbboooooooooooo

|Gla)l < [lz[Hll = ll=l i fl=] <1
000000 z=(202)20 00 |zl =|(2|20)) OO OO
|(2[20)] = [[=]
gobobouggbbbouoooobbobboooago 0

gboogbuogobobogboogxb0obooooboooobg wr
gobooo

Ho>x—zx" eH*
gdodooogooog

() 00000000
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(i) 000000000

gobooooggoo
gooboog

(z*y*) = (y|z), =z yeH

gobogr 000000000000
goboxr=000000

000000000000000000000
(") = (27y") = (yle) = y*(2)

gbobobooodd z—2z 0000000000 2000000
gbobobobobbox*=wU0O0000

ooooooooboboooobooboboviooooooboooboo
vooooooboobooovooooooooboboooooo
ool x*=wr0O00000

oboooobob vooboobov-obobobuobobooooboo
V*O0oo v*ioooobooooooobbOeeV OOOooo 0obooo
Oouv*:V*-COO000O00000000bO0b000

U**(f) = f(?)), fev:

OO00000|(f@)<|flllv] COOCv* 00000 |v* < |jv|| OO
gbobbodgtdbev—odooboogooobood
Vvioooobooboobooboobobooboobooboooboo
gbobobobobobodgoooogbbobboboouoooooobobooboon
gbobobboooobobbouoooobboid

gb 7.9. 0000000
V = {v={vn}n>1; lim v, = 0}, ||v]| = max{|v,|;n > 1}
gooobog

Vo= {o" = {ujuzs ) il < oo, o = ) Jvjl

n>1 n
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gooobog

V* = {a = {an};sup |a,| < 400}, ||la]| = sup |a,|.

000000000 Vcv+0000000000000 /(v =]
000000000000000000000000
0000000000000000000000veV 00000

sup{|f(v)|; f € V* IfI < 1} = [lv]]
000000000

00 7.10. Let V be a real vector space with a seminorm || - || and W be
a subspace. Let f : W — R be a linear functional such that

|f(w)] < |lw||  forwe W.

Then, for any given v € W, we can extend f to a linear functional on
W +Ruv so that the above inequality remains valid for elements in W +Ruv.

Proof. By the real linearity, the inequality in question is equivalent to
f(w) < Jw]

Since any linear extension to W + Ruv is specified by the real number
¢ = f(v), the problem is whether we can choose it so that

fw+ ) <|[lw+Mvf|, VweWVIeR.

Now, letting A = t5 or A = —t; with ¢1,%5 > 0, the condition is equivalent
to

Jwr = tﬂ;” — f(wi) <c< w2 + tﬂZH — f(w2)
1 2

for t1,to > 0 and wy, ws € W.
So, if we could find such a real ¢, then we should have the inequality

B |wy — t1o|| — f(wq) < w2 4 tav|| = f(ws)
tl B t2

for any t1,t; > 0 and any wy,w, € W.
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Conversely, if we can show the above inequality, then

[w = tol| = f(w)
t

|w + tv]| = f(w)

t

it>0,we W},

C1 = SUP{_

it>0,we W}

Cy = mf{ ’

satisfy ¢; < co and any ¢ € [¢1, ¢o] does the job.
Now the target inequality is

—to||wy — tyv|| + ta f(wr) < ti||we + tov|| — t1 f(w2),
ie.,
taf (w1) + t1f(w2) < taflwz + tav]| + ta|wr — o],
which is checked by
tof (wy) + t1 f(wa) = f(tawr + t1wr) < |[tawy + twsl|| < t1||ws + tov|| + taf|wy — tiv]|.
U

Repeating the above result (Zorn’s lemma or just the ordinary induc-
tion when V' is separable), we have

O 7.11. Under the same assumption in the above lemma, we can extend
the linear functional f: W — R to a linear functional of V' so that

f) <ol forveV.

00 7.12 (Hahn-Banach). Let V' be a complex vector space with a
norm || - || and W be a subspace of V. Let ¢ : W — C be a linear
functional of W such that |p(w)| < ||w| for w € W. Then ¢ can be
extended to a linear functional of V' so that |¢(v)| < ||v|| forv e V.

Proof. Let f = Re(yp). Then
p(v) = f(v) —if(iv)

and the real-linear functional f satisfies |f(w)| < ||w|| for w € W. Aplly-
ing the lemma, we can find a real-linear functional /' : V' — R so that
f(w) = F(w) for w e W and |F(v)| < |Jv]].

30



Now set
O(v) = F(v) —iF(iv),
which is complex-linear and is an extension of ¢. Moreover, letting ®(v) =
|®(v)|e?, we have
[(v)] = e P(v) = B(ev) = F(e™"v) < e v]| = ||v].
]

O 7.13. Given any w € V', we can find a non-trivial @ € V* satisfying

p(w) = [lwllllell-

Proof. Starting with the functional ¢ : Cw — C defined by p(w) = ||w||,
we extend it to the whole space V' so that |¢(v)| < ||v||. Then |¢| =1
and the assertion is clear. O

Remark . Assume the separability of the normed space V' and {v,}n>1
be a countable dense set. Then, by an induction with repeating use of
the lemma, we can find a subsequence {nj}i>1 and linear functionals
fr : Wi — R, where W), = W 4+ Ruv,,, + --- + Ru,,, so that

V1,V ..y Uy € Wi, fr(w) < ||w| for w e Wj.
Then

W = [ Wi

k>1

is a dense linear subspace of V' with the well-defined linear functional
foo 1 W — R satistying foo (w) < |Jw]].

By this inequality f., is uniquely extended to a continuous linear func-
tional f:V — R.

8 uoouboodn

000000000000 pt) = (z(t),y(t),e<t<b000000
000000000000000000Oa=ty<t;<---<t,=b0
000 A={t,}00000

p(to),p(tl), s >p<tn>
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000 »+100000000000000000000000000O0
> Ip(ty) — i)
j=1

gbobobooboooboobgd
’A‘ :max{tl—to,...,tn—tn_l}

goboboboboboogoooogbbobobobooouooooobooboon
gobobbobobodoodooobodooooooobooboboboon
gbobogobbobobobbbooumooobooobbooan

sup {Z Ip(t;) —p(tj—l)!} < 400

gogd

00 p(t) 0 t0000000O000O00O0O0O0O00O0O0ODOOOO0OO
gboggbboggbmbogobboooobooouooboobon
Op(t) D000 C.Jordan 0000000000 (function of bounded
variation) 0 00O

00000000000 At),e<t<b000000O0

Z |h(t;) — h(tj-1)| < M

00000 A={4} 000000 M>000000000 AROOOO
gbooboogooobod

max{[z(s) — z(t)]; [y(s) = y(@®)]} < llp(s) = p)]| < [z(s) = 2(O)] +[y(s) = y(?)]

000000p(t)0000000000000000 «(t),y(t) 0000
00000000000000000000000000000000
00000000000
0000000000000000000000000000000
000000000 00000

|z| if £2 >0,
2]+ = ,
0 otherwise
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oooond
ol = fely + el 2=l — Jol.

00000 z=h(t;)—h(t,) 0000000000

S h(02) — Aty = 37 htt) — bty + 3 A ~ At

- Z (1) — bty )l — Z (1) — bty )l
oggono ] ]

S(H(E) — @) + 3 Ih(t) — bty = 23 () — ity
ooooogog ] ]
Z (1) — bty )
Odopooogoono i
Z (1) = bty )1, Z (1) = hits )

gboboboooggbbouoooobobod

V(h) = sup {Z |h(t1) = h(tj—l)!} » Va(h) =sup {Z |h(t1) = h(tj—l)!i}
oooo
V(h) =Vi(h) + V_(h),  h(b) = h(a) = Vi(h) = V_(h)

Ooboobmobo ArO0DbO0OO00ODObOOODOODOObDObDObDObDvV,
O0000000000V(h)OOOODOOOO0O0DO0oooOmWoooo

he(t) = Vi(hliag)
000000000 t00000000 (< = ha(t) < he(t)) OO
h(t) = (hy(t) + h(a)) — h_(t)

OooobooboboboobOoobdidJordan OO T
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0 23.
(i) 00000O0oO0o0oooooo

(i) COOO0OO0O0O0O0OO0O0OD0OO0OO00O0OO0O000D0DmMOoOoOooood
goobooooboooi

00000 [« 00000000000OO00 AROO0OOOOOO
OO0 fOO000000O0OO0O0OO0ODO0ODOODODOOObOO

Zf(ﬂfj)(h(tj) —h(tj-1)), @ € [tj-1,t]

gobobobobobbuogoooobbbbbbobuooooobooon
goooood

goobogogbod

b
| rwan)
O00000000000000 (Stieltjes integral) O 00O

U 24. 0000000000000

do0oodooooonoooooogooooooon
)

b
/fwmﬂgwwm

(i)
MMH/ﬂWW)

gobooo
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(i)

/f t)dh(t /f t)dh(t /f t)dh(t), a<c<b.

(ivy hOODDOOOOOOOO

/f £)dh(t /f

gooooog

e HUUUUODOOOOO

e OO DODLODDLODLODODLULDDOLOLDDODLODLDO

U
O00000 AO0ODODOOOOO0OOODOOOOOO0O0 t0Db0O0
goodd
h(t+0)_h(t_0):Eli,rfoh<t+€)_glirfoh<t_e)>O

goooooo

> (h(t; +0) = h((t; = 0)) < h(b) — h(a)

J
guoboboodbdoo aboobogoouoboaboogoooood
godduotd n>10000

h(t+0) — h(t —0) >

S|=

gob¢toboboogoooooon

U {te la,b]; h(t+0) — h(t—0) > %}

goooood

00 8.1. 000000 At 00000000 DODOCOOOOOOOOO
ooooboobeApbObbODbOODbOODbDOODO

/ F(t)dn(t)

D0000000MO000 t(a<t<b)O0OOO00000O0O000
O h(t+0) —h(t—0) 00 O
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Proof. OO OO0O0ODOOODOOODOOJordan DOOOODOOODOOODO
goboobobboobodggbboobboogbbooooboooboad
gbobobobbobuguooogbbbbooooooobobooon
goobogood 0

0 25.¢=1/200000000000 A00000000000000O

1
| #an)
0
0000000 f(1/2) 0000
00 8.2. 000000 AOODDOO

h(s+0) — h(a) = lim [ f.(t)dh(t).
0000 0< f, <100

fn(t)Z{l %fagtgs—l—l/n,
0 ifs+2/n<t<b

000000000
Proof. OO f,() 0000000

s+2/n

/ fn(t)dh(t) = h(s+1/n) — h(a) + / fn(t)dh(t)

s+1/n
googooao

s+2/n
lim Fu(O)dh(E) = 0

=00 Js+1/n

0000000000000ARO0O0000000 A)=h(t)—h_(t)0
0ooo

s+2/n
0 gl/h o) dha(t) < hals +2/n) — ha(s +1/n)

+1/n

000000
Jim (he(s +2/n) = he(s +1/n)) = ha(s +0) = he(s +0) = 0

gooobog
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00 8.3 (Riesz-Markov-Kakutani). 0000000 ¢: Cla,b] — C
goodooooooooobobon
b
o) = [ s,

0000 ROOOOOOOOOOOO AOOG) 0000 (i) A(t) =0
(t<a) OO (iii) A(t) = h(b) (t>b) 00000000000 00000
0000 ¢—h0000000
0000y,0000000RO00000000000000

Proof. O0ODO0ODO [0 D0O00O0O0O0O0OOOODOOOOODOOODOO
OO0 coooobobobonon

If]l = sup{[f()[;a <t < b}

000000000000 CR[e,b 0000
O000¢ 0 Hahn-Banach OO0 0000000000 OCOOO0O ¢:
C—-RUOO00O0O0OO0O0OOODOODOODODOODOO

h(t) = &(lja)
0000000000000000000

Z |h(t;) — h(tj-1)| = Z +(h(t;) — h(tj-1))

= |¢ (Z il[%’—h%’))
J

< |-
000feCle,)) 00000e,b)0 nO000¢ 000000

gn = Z f(xj)l[tj—lytj% T € [tj—btj]
J

0000000000000 f, 000000000 000000
0000 |f,—fll <en—00|f,— fal| <en— 0000000

PU) = Jim B(f) = lim Blo) = lim 3 ) (h(ty) = hlty-)) = [ F@)an(e)

n—oo

gobooouoggoaoo
gboboboggbbbuoogoboboooan U
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O

0 84.00 T={2€C;|z/ =1} 000000000000000
C(T)DODOO0OO0OO0000O00O0000¢:C(T)—»CO0000000
0,27] 00000000000 A(t) O

2T

| setaney

0
gbobobobboboobuooboobobbobod

goooog
000 [e,b) 000000 pOOOODOODOO

h(t) = p(la, t])

obooobobooboobobooobooobobbobooobg ard
O0000000[eb 000000 pO0O0O

/ i) = [ o)

goboboobobobootboouogooooboobooooobooon
O00000000000000000A() 0000000000000
00000000 000000000 pO0¢:Crle,b)—ROO

(1) f=0000 ¢(f) =0,

(ii) [l < o0

goboboogooboooon
gooobog

0 ift<s,
h(t):{ ift < s

1 ift>s
doodododgono
/ F(t)u(dt) = £(s)
OO000000 seROOOO DiracOOOOOOOO
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9 Ububd

obooooo0 xOOODOOOOD T'""H—mwrOOOOOODOODO
000 x00000000000000000000 {ejhi<j<n 000
gooobog

. tll o tln
T@j = thje'w (T€17"'7T6n) = (61,---,671)
i=1

tot oo tom
0000700000 [T)=(;) 0000000000

[S+T]=[51+[T],  [ST]=[S][T]
0000000x0000000000000000000000000
026 00000000

000 ANOOOOOO TOO00O0O (eigenvalue) 0000000000
gobobobooggooood

() T¢€=AX 0000000 0£¢en 0000
(i) 000 A -7 000000

gbogobgboobobbooboboobobooboobobod
gbobobbbuoodgoooobbbbbooogooooboobooon
oo ooob bbb o0 rxOoooooooono
0000000000000 00000O000000o0o0OOD ()ooo
0000000000 (i) o00o00oo0o0oooon (spectrum) OO
000000000 T7T000000000«(T)O0O0O0 TOODOOOO
gbobogoogbboboobbogoboboboooboogoood

00 9.1. 00000 T:L%0,1) — L*0,1) O (Tf)(t) =tf(t),0 < t <
100000006(T)=1[0,1 000000000007 000000
0oooo

gobobbbboooooooobobobbbooooooooon
gobbbouoxbOO0ODOO0OOooon g

T¢ € K,VEEK
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ooobooboTrToobobob obobboobobooobrTrooo
0000000000000 0TO0000000 o(T) 000000
goboboogobobooood

obooooo0 xOOODOOO T-H—HOOOOOOOOOODO
goo

= lim & = T¢= lim T¢,

0o0oooo
00 9.2. 00000 T:*x—-~000000000000000000
(1) sup{[|T¢]|/l[l: € # 0}

(i) sup{[|T¢[}; I€]l = 1}

(ii2) sup{|¢|Tn)|; €] < 1, [[nll < 1}
0000000 |7 0000 7000000000

00 93. 00000 7T:H—x 0000000000

(i) TOOOOOOO

(i) |T|| < +o0 0O OO

Proof. 00000000000000000000000() = (i)00
000000@G) = 00000000000 700000000000
0000 n 0000076 >0l 000 04 ex 000000
00000000

1
n|&||

0000070000000
1
n[&ll
00000000000000
1
n[&ll
000000 0

T, =Tn, — 0

[Tl > 1
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0
0000070 |T|<40 0000000000000000%0O
000000000 B(k) 0000

00 9.4. x=000000 {aptes; 00000
(AS)n = anén
00000AeB(H) 0000
[All = sup{lan|;n = 1}.

0 27. 0000000000 {ae,} 0000 ADOOOOCOODOOOO
000000000 €e?0 AA¢rD0D000O0OODOOOOOO
goooog

00 95.00 BH)>Tw— |T| 0 B(x) 0000000000000
00000 B(x) 00000000000

o0 9.6 00000 TODLOOODOODDLDOD 00O

(T*¢m) = (&|Tn),  &meH

O00000000000000000 TOO0O0OO0O00O (adjoint operator)
godn

Proof 000Riesz 000000000000 €ex 00000000
H 3 n e (§[Tn)
0000000000000 000000¢ exOO
&|Tn) = (')

Oo00DO000dooDoOddoo ¢-» ¢ opoopodpooog ™ ooo
HEN 0

0000000 xODODOO0O0OO0O0ODO0O00000000 {e;} 00O
OoOOo0OxrOOODODO ¢cOOO0DOODbDODOO

1

n
6: Zl‘j@j = (61,...,6n)
j=1

T
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ooooooooboobuoob T*"H—-HUOOOOODO

. t11 ... tin
T@j - Ztijeia (Tela"'>Te7’b) = (617""6”)
i=1

tnl tnn

0000000000000000 (¢, 700000

(&|Tm) = [€]"[T][n]
000000000000000000000000000([7]=[T]"

00 97 (00000000). 00000 TeB(k) 000007 — T+
000000000(ST)*=T*S*, (T*)*=T 000

gb 98 Ubouobodoobuodgobougbooobooagnon
gooboogoggno

O

00 9.9. 0000000 20000000 (shift operator) O

(56, {fn_l ifn > 1,

0 otherwise

OOoooooosSoobooboooooboobooooooobooooboo
0 28. 0000 A=diag(a,...,a,) 00O

() 0000000 < ay,...,an € R.

(i) 0000000 & |a| = = |an| = 1.

00 9.10 (D00O0OOOOoOoOoOoO).

(&) Tl =Tl

(ii) |7 = IT|*

(i) |[STI| < [IS]HT[l-

(v) D0DDOD0D0O00 UO0O0000|UTU* =|T].
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00 9.11. 0000 A= (ay,...,a,) 000000
|Al| = max{|aa],...,|an|}

OO000oooOoU0ooob0oobooboobobooboboobboboo Aooog
gboboboooobobooooobid

JA| = max{[\;A 0 ADODO }.

000000000 (i) 0000000000 AODDOOOOOA*AO
gboobooggbbouoooobobouooan

a b
0 a

2 —
WA — ]a\_ ab
ab lal* + b2

goobooogoo

A = faf? + p PV B
VI I

0ob 9.12. 00

I
|
-~

gooobog

10 OOogoogood

000000000000000000000000 {¢}jes 000
00 (summable) 000000

Z]cj] < 00

JjeJ

goboboogooboooon

{Zycjy;FD JDDDDDDD}

jEF
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OO000O0000o0oobobo0o0o0on0beg #0000 jeJOoooooo
gooood

¢
=
gobobbooggbobouogobogan

pCIEDNE]

JjeJ JjeJ

0oooo
0000000000000000 {4;},e; 00000000000
00004l <+co0D0D0D0D

>4

jeJ

jes |

gbobobooogbbuoooogooobod

DAl <D ll4l

jeJ jeJ

goood
000000 At),e<t<b0O000000O0O0O0OOO fabA(t)dt
gooobog

Z Alty)(t; —tj-1)

gboobooogboogoooon

/abA(t)dt' < /ab LAl dt
ooooogog

0000000000000 00DO000000000O00O0OOO A(z)
0000 (analytic) 0000000 2 DO000002 000000
000 |[z—2|<r0 DOOO0ODOOOOOOOOOOOOO

Az) = Z Ap(z — 20)"

n>0
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0000000000000 000000O00{4,})0000ooooO

Z|\An|Hz—zOI”<+oo, |z —zo| <7
n>0

ODO0O0OD0ORO 000000000
OO00000D0000000 Cauchy OOODOO

f[?; A(=)dz = 0

000000000000 A(2)0 Cauchy 0000000000000
0000000000000000{z€C;|lz—z|<r}cDOOODO
00 »>0000000000000002 0 DO00O0O0OOO d
0oooo

D Ayl < 400, 0<r<d

n>0
HNERERE
0 29. 00000000000 0O00000O0000O0000O00O00

00000 AeB(H) 000 (invertible) J00000AB=BA=1
00000000 Bep(x)0000000000000BO ADOO
0000B=A'000000000000000+x00000000
0000 GL(x) 0000000000ooooo

00 10.1. 00000 AeBr)000O0O0OO
g(A)={ e C AN -A¢ZGL(H)}

0 A00O0000 (spectrum) OO000000O0O0OO0OO0O0O0O0OOOO
gobobbooggboobood

0o 10.2.

() 0000 ADO0O0O0OO0(A) 0 ADDDOOOOOOOOODO
000
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(i) 0000000 *x=A(N)0O0O0O00000 AD

(A&, = %fn, n=12,...
Dooooo
o (A) :{O}U{%;n: 12,1}
000 1/n(n>1)0 ADDODDOODOOO0OO0OOOOOO
(i) 0000000 ®x=1L120,1) 00000000 AQ
(AG)(t) = t€(t)
OD0000O0(A)=[0,1]0000000000000000
0 30. 0000 ) 0000000000000 OOO
00 10.3. (i) o(A*) = o(A).
(ii) Ac GL(H) 000 0g(A™) =0(A)7L

00 10.4. 00000 AeB(®) 0 ||A|<1000000007I—-A€
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