
© �w�A-rS�� ¢m� dyhK�� T`�A�

2022/2021 :Ty`�A��� Tns��

��r�¥m�� T§r\� Y�� ��d� :xAyq�

�AyRA§r�� �s�

�AyRA§C T��A� TnF :«wtsm��

Y�¤¯� Tlsls�� �wl�

:�¤±� �§rmt��

(αn) ∈ `∞ ⇒ ∃M > 0,∀n ∈ N, sup
n≥0
|αn| ≤M

.(1)

∞∑
n=1

|αnxn|2 ≤M2
∞∑

n=1

|xn|2 <∞

⇒ (αnxn) ⊂ `2(C)

Any� .(2)

‖Tx‖2`2 =

∞∑
n=1

|αnxn|2 ≤M2
∞∑

n=0

|xn|2 =M2‖x‖`2

⇒ ‖Tx‖`2 ≤ sup
n≥1
|αn|

.‖T‖L ≤ sup
n≥1
|αn| ¤ T ∈ L(`2)  Ð�

‖Txn‖`2 = supn≥1 |αn|�q�� (xn) ⊂ `2 Ty�Att� d�w�n �¤d`�ry�¨`ybV  d������ �� ¢�� Yl��¡rbn� .(3)

.‖xn‖ = 1 ¤

.‖Txn‖`2 = |α1|, ‖xn‖`2 = 1⇒ |α1| ≤ ‖T‖L �q�� x1 = (1, 0, 0, 0...) Ty�Attm�� n = 1 ��� ��

.‖xn‖ = 1 ¤ ‖Txn‖`2 = |αn| �q�� (xn) ⊂ `2 Ty�Att� d�w� n �¤d`� ry� ¨`ybV �� ��� �� ¢�� |rf�

.
wlWm�� �q�� (xn+1) ∈ `2 Ty�Att� d�w� n+ 1 ��� �� ¢�� �¡rb�¤

�q�� Ah�� d�� xn+1 = (0, 0, ...0︸ ︷︷ ︸
n

, 1, 0, ...) Ty�Attm�� @�A� w� ®`�

‖Txn+1‖`2 = |αn+1|, ‖xn+1‖`2 = 1⇒ |αn+1| ≤ ‖T‖L.

An§d� n �¤d`� ry� ¨`ybV  d� �� ��� ��  Ð�

|αn| ≤ ‖T‖L ⇒ sup |αn| ≤ ‖T‖L.

 Ð�

‖T‖L = sup
n≥1
|αn|.
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1



|Tx| ≤
∫ t

0
(t+ s)|x(s)|ds⇒ sup0≤t≤1 |Tx(t)| ≤ sup0≤t≤1 |x| sup0≤t≤1

∫ t

0
(t+ s)ds .(1)

⇒ ‖Tx‖∞ ≤
3

2
‖x‖∞

.‖T‖L ≤ 3
2 ¤  ¤d�� T  Ð�

.x∗(t) = 1 T��d�� @�A� .(2)

.‖T‖L = 3
2  Ð�

3
2 = ‖Tx‖∞

‖x‖∞ ≤ ‖T‖L ¢n�¤ ‖x‖∞ = 1 ¤ ‖Tx‖∞ = 3
2 An§d�
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‖Tx‖`1 = 3‖x‖`1) ⇒ ‖T‖L = 3 .(1)

‖Tx‖p∞ = sup x( t2 )|
p = sup0≤t≤1 |x(t)|p = ‖x‖p∞ .(2)

⇒ ‖Tx‖∞ = ‖x‖∞

⇒ ‖Tx‖L = 1.
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An§d� ,(ai) ∈ `2 ��� �� .(1)

‖Tnx‖C = |
n∑

i=1

|aixi| ≤
n∑

i=1

|aixi|

≤ (

n∑
i=1

|ai|2)
1
2 (

∞∑
i=1

|ai|2)
1
2

≤M‖x‖`2

.Tn‘ ∈ (`2)∗ ¢n�¤

�ky�

zi =

 ai, i ≤ n

0, i > 0

 Ð�,‖Tnzi‖ = |
n∑

i=1

|ai|2

‖Tnzi‖
‖zi‖

= (

n∑
i=1

|ai|2)
1
2

≤ ‖Tn‖L.

.‖Tx‖C = |
∞∑
i=1

|aixi| ≤
∞∑
i=1

|aixi| .(2)

≤ (

∞∑
i=1

|ai|2)
1
2 (

∞∑
i=1

|ai|2)
1
2

≤M ′‖x‖`2

2



.T ∈ (`2)∗  Ð�

.‖T‖(`2)∗ = (
∑∞

i=1 |ai|2)
1
2  �  A�§� �km§ 	bs�� Hfn�

|Tnx− Tx| = |
∞∑

i=n+1

|aixi| = Rn → 0.

:H�A��� �§rmt��

An§d� ,­ ¤d�� (Tn)  � 
b�n� .(1)

‖Tnx‖C = |
n∑

i=1

|aixi| ≤
∞∑
i=1

|aixi| <∞,

 Ð�

sup
n≥1
‖Tx‖C <∞.

­ ¤d�� (Tn) Ty�Attm�� ,x¤A¡  AtF �An� T§r\� 	s� ¢�A� ¨�An� `2  Am� ,‖Tn‖L = (

n∑
i=1

|ai|2)
1
2 An§d� .(2)

¢n�¤ ,�A\t�A�

∃M > 0,∀n ∈ N∗; ‖Tn‖L ≤M

 � ©�

sup
n≥1
‖Tn‖L = (

∞∑
i=1

|ai|2)
1
2 < M.

:x As�� �§rmt��

‖Tnx‖`1 =

∞∑
i=1

|xi| =
∞∑
i=n

|xi| .(1)

⇒ lim
n→∞

‖Tnx‖`1 = 0

.�¤d`m�� r�¥m�� w�� T�CAqt� (Tn) Ty�Attm�� ��As�� ��¥s�� 	s� .(2)

.‖Tnx‖`1 ≤ ‖x‖`1 .(3)

y = (0; 0, ..., 1, 0, ...) ��� ��

‖Tny‖`1 =
‖Tnx‖`1
‖Tnx‖`1

= 1 ≤ ‖Tn‖L

¢n�¤

‖Tn‖L = 1

.Am\tn� Hy� 
CAqt��  Ð�
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