
Given two normed space X and Y , a linear map
T : X → Y i s ds- f t H's. bounded.

• It-111: = supf HTxtly: x t X with 11×11×411

= int l c : IHxlly E C 11×14 for all a - X l
111×11,511711 all#*

Examples:

I . let X = ( ( >on @ , 11-Ho). S , T : X → X

'ftp.t#itady.
Find 11171. 1111. 117511. 1155111.

Ans:
"claim: 4TH E l

( 11¥11, e CHAH, t f , ⇒ 11THEC I
111711- = llx.fm/la=mfff.,lxtixYE1.HfHx
⇒ MH E l .

. claim: 4TH H .

( 7- toE X , 11Ho l l a> GHti l lo, ⇒ 111413 G . )
Take T E l , and thenHtHlo-
ma.o.glx.ll-1_fttlHHlot@llTlls.p

Therefore, 1h11 = 1 .
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t.net#Iit.md,
ɡ Similarly,

11411-= m¥¥,lxfi-fdyl-1.to'findy
E M¥1,49

1
-11.01 = little

11511 E l .
Take FEI , 1141=1.

ɢ STt i x ) = SITHtix,= 51911×1 = X . fo' giddy
91×1:c HID = X I I I = x/,' yfuddy

1154110 = mff.fm/5ttnY=HytHdy1

E b' y . Huddy
£ b' y . qq.is#yldy

= f l y Hllody = HAI, ÷
That i s , 11STAB ± I - " t h o
⇒ 115N E ¥ .

Take ¥ 1 , s t f u = SlItkx) ¥519114= x . lotgiddy
91×1=171×1 = x .fix) = x , exfiydy

STAX) = x , b'ydy
1154lb = mxff.pk/iydyl=1.tz=E.Hfllx

⇒ 115111kt
Therefore
, 115111=2.0
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ftp.t.tt#Iit.md,
ɠ Tsf ix) = T 1st) I x ) = X-hex, = X ' fo'fuddy

has= # x , I x . b'findy
l i s t H o = m×q¥, I x ? f'findy) = Affix

⇒ 4TH E 1
Take f i t , 1h41 3 1 .

Therefore,111311=1.

Remark: . 115411 te l l Tosh
° 115711 E l l s " all-111
i n : 1s.tt#Ellsll1IttYyyliH.qn
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2 . l e t I : > a .b), TIN = ta t ted .

Then T t B l L' I I I . C H I ) , and
T t B (L'111, L'II's).

Find 1h11 for each case .

• Htt: = supt Exley: x t X with 11×11×411

= int l c : HTHIYE CLINK, for all a - X l

Ahs: ( ( I I I . I I . Ha)
,
I L' I I I . I t ' l l , ) .

TH I f ( I I )
considerin
g pc.tt B l L ' I I I . ( I I I ) .

I 11h16 E CHAI,. ⇒ It-111 E c )

lltftb-a.am#fl/atitIdtlEa.
%ffs/oiHitHdt=/abHittldtAHH,
l i t t l e 1 .

Take f - I , then HH, = f t Idx = b -a

Ttix) = t i l d e = x - a

11#Ho = m×f¥dx-at - bat-HH,
⇒ Htt 3 1

considerin
g

T t B l L ' I I I . ( I I I ) , then HTH = /
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Considerin
g

T t B l L ' I I I . HII)..
LEITH, E c HH, . ⇒ t i l l EC )

11411, =
lab Hixildx = labkittidthdx

E latta" Haildt. dx.
= H Ilana:actc-x.by/tHdtdx-

Fuhinithmy=gay+byfryfdxdt
= fablb.tl#tYdtE/
ablb-a1lfitildt = (ka)-HAI,

HTHI, E (boa). Htt. ⇒ little b-a

claim: 1h11 → b -a .

* " y ' . " " " '÷'¥iiE¥⇒,
v ,

Atka t c b

11h11, = tha , t n t n .

Tthlx) = Jaffe#It = { × - a a E X E at'nd
but at#LX E b

llttnlln.tl/fi'tnitidtldx=Fi-Eii-biaTlibai-'F)
= 11h11, - ( ( ka ) - ¥ )⇒ 4TH 3 l b - a , -

ban
.
l e t n o , 1h11 → b-aTutorial 2 5 / 8



Therefore, 1h11 = b -a

Remark: When regarded a s operators o n different
normed space, the operator no rm may differ.
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3 . For a infinite column vector X - I X . Xx..--IT,
define A X = 1 2K , X s - x , Xs-Xs....) . Then
A t B I L' , l ' ) a n d A t B l t , 1 9 . Find 11T"

for each c a s e .

An's: 1 = 1 (Xi);: (Evil) e - t , Ps l
↳ = ( (Xi) ; : syphilis}

A i l " - l .
HANI, = 1241 t Ix,-Ht Ix,-Ht....

I 2141 t 11×1-11×4) -111×41-1×4) - - - -

= 31×1 t 21×4 t 21×31#-- - -

= M l t 257,1×1
= 11×11, -12.11×11, E 3.1141,

Thai, HAH 1 3 .
Take X I I I , 0 , 0 . . . . . o ) ,

11×11=1
A X = ( 2 , - l , U , . . . o )
11AM, = 2+1-11 = 3 I 3.11×11,

⇒ HAH> 3 .
Therefore, "All = 3 .

A : t o → l a ,
HANI- = Supt 12×1,1×2-41,---I Esopl 21×1,1*21-1141..-it

⇐ sup11×1,1×21,..-y i t " f t p . x . l y
2 = 2 - 1 1 × 1 6Tutorial 2 7 / 8



⇒ HAH E 2 .

Take X : 11,0,-- o ) .

w e can s e e that "All 3 2 .
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