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Chap 10 Banach�m¥�Ä�½n

§3 �Ý�f

� X Ú Y ´ê� K þ�D��5�m, X′ Ú Y ′ ©O´§

���Ý�m. � T ∈ B(X 7→Y). éz� f ∈ Y ′,�ÄXeEÜN

� f ◦ T

Diagram of Composition Mapping f ◦ T

X Y

K

-T

HH
HHH

HHj
f◦T ?

f (1)

´� f ◦ T ∈ X′. u´���#�éA'X f 7→ f ◦ T.
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�Ý�f

� X Ú Y ´Ó��ê�þ�ü�D��5�m, X′ Ú Y ′ ©

O´§���Ý�m. � T : X 7→ Y ´��k.�5�f. ½Â

N� T× : Y ′ 7→ X′ Xe:

T×f = f ◦ T, f ∈ Y ′. (2)

´� T× : Y ′ 7→ X′ ´�5�f,¡�� T ��Ý�f.

X Y

X′ Y ′

-operator T

?
duality

?
duality

�
operator T×

(3)
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½n1

� X Ú Y ´Ó��ê�þ�ü�D��5�m, T : X 7→ Y

´��k.�f. K T ��Ý�f T× : Y ′ 7→ X′ �´k.�f,

¿� ‖T×‖ = ‖T‖.

y. � f ∈ Y ′,·�I��O ‖T×(f )‖. P g = T×f ,Kd f

Ú T �k.5��

|g(x)| = |f (Tx)| ≤ ‖f‖‖Tx‖ ≤ ‖f‖‖T‖‖x‖, x ∈ X.

u´

‖T×(f )‖ = ‖g‖ ≤ ‖T‖‖f‖.

Ïd T× : Y ′ 7→ X′ ´k.�f,¿� ‖T×‖ ≤ ‖T‖.
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ey ‖T‖ ≤ ‖T×‖,�d�I�y ‖Tx‖ ≤ ‖T×‖‖x‖, ∀ x ∈ X.

� Tx = 0�,Ø�ª ‖Tx‖ ≤ ‖T×‖‖x‖w,¤á;

� Tx 6= 0�,k f ∈ Y ′ ÷v ‖f‖ = 1� f (Tx) = ‖Tx‖,u´
‖Tx‖ = |f (Tx)| = |(T×f )(x)| ≤ ‖(T×f )‖‖x‖ ≤ ‖T×‖‖x‖.

nþ ‖Tx‖ ≤ ‖T×‖‖x‖, ∀ x ∈ X. l
 ‖T‖ ≤ ‖T×‖.

♠ � T ´ n�îª�mþ���5�f, A´Ù¤éA�Ý
.

K T ��Ý�f T× ¤éA�Ý
T� A�=� A′.

♠ � T ´ Hilbert�m H þ�k.�f, T∗ ´ÙHilbert�Ý�

f,K T∗ = R−1T×R. Ù¥ R : H 7→ H′ �Riesz�ÝÓ��f.
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Diagram of the Relationship between T∗ and T×

Recall that R : H 7→ H′ denotes the Riesz conjugate isomor-

phism. The following diagram shows the relationship between

operators T∗ and T×.

H H

H′ H′

-T∗

?
R

-
T×

6
R−1 (4)

Here T∗ is the Hilbert adjoint of T and T× the adjoint defined in

the present section.
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