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H, K ≤ G U R�S,VXW*Y�R@S HK = G
VFZ\[^]_Q!R�S5Q�T

ϕ
Y	[�`�a�b�]cSDd�efR�R@g@Z�ThSji

H k [�Y\lhY	m\aDY	T�noqp `�Y�ThS	r%a%[\s#tvu\Q\VwW*Y�R�S
(ϕG)K = (ϕH∩K)K

n
x � oqp `�Y�ThS	r%a%[\s#tyu\Q
VzWhY�R�SMi	`vi�]{b?u�u p tfi�m|i	t	a�Q�m�a!b5u}]{i p `�Y	~�Y	m p ijQ}m�Q%��Z p R k [.i	tMQ!R�S5Q�a�]_Q�T k [�Y\lhY	m\aqt@i�m�i	t,�aDQ�m\a�b?u}]{b���iP]_Q\W*Q�a�I
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Z(G) =
⋂

χ∈Irr G

Z(χ)
n

� Q!R5Y	]{�5b	[.�
≤ È Z(G) Ker χ/ Ker χ ≤ Z(G/ Ker χ) = Z(χ)/ Kerχ �v¯{�*¥*�.� χ ∈ IrrG ¶ � �@� ³_� ¢

Z(G) ≤ Z(χ) ¦
≥ ÈÊÉÄ� g ∈ Z(χ) �v¯_�*¥*�.� χ ∈ Irr G ¶ � �@�6���=� �@� ḡ ∈ Z(G/ Ker χ) ∀χ ∈ IrrG ⇒ [ḡ, x̄] = 1

G/ Ker χ ¶º°��}� ∀x ∈ G, ∀χ ∈ IrrG ⇒ [g, x] ∈ Ker χ ∀x ∈ G, ∀χ ∈ IrrG ⇒ [g, x] ∈
⋂

χ∈Irr G

Ker χ = 1 ∀x ∈ G ⇒ g ∈ Z(G) ¦
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A
Ì�u\Q�]c� k [�Y
lhY	m�azZ\[ χ

t@i�m�i	t,aDQ�m�Q
A
��T�i	t�V�i�t�tfY	m

[χ, χ] ≥ χ(1)
nu¤N3O9Q!R@S?Q�T

A ≤ G
V
A
ÌÄu\Q�]c� k [�Y
lhY�m\a%V χ ∈ Irr G

n oqp `,Y	ThS�rLa%[�s5tvu�Q
VwW*Y�R@S
χ(1) ≤ |G : A|

n
� ���6Q!R�S�e5tÊd�Q}] VÒW*Y�R�S

G
��T�Q\t»g�i@T¿Y�]cSfi�TMW��5[�Z�R5Q\[�tfY	~�l�]_Q��1m�Q�l�m�Q
`�Q}Tha!b k p
	 �.i	VÒi�~vQ}]cS	T�Q�tÊd�Y,t@i^t p [�Q�u�u�i

|G|
]_Q!R	t p [�Q�u�uzl6m�rL~vY,[�`}a 	 ��b�T�b�]{n oqp `�Y	ThS�rLa7[\s5t�u\Q
VwW*Y
R�S¾Q�t�tfY	m

G
Ì�u\Q�]c� k [�Y
lhY	m�a!n� Q!R5Y	]{�5b	[.�

χ
Æ �.� ³{��© � ��¬ ¯ �|� �.¥ �*� ¯{°h¯{�_¯ � ��� � ��� � � � �}� ²f�|�|¡ � � �}�?�.� � ���@�v�}�{¢?�}�=�*�}� Æ � �@� �f�|¡}��¬ ��� |G| ¶

�*�}��� ³_� ¢j� Æ �.� � � � �.���v¯_� �|���}� ���j�_¯{�*�  �� ¯ � �����_� © � � �*�}��È χ =
∑

λi ¦�ÃÄ� 1 = Ker χ ≥
⋂

λi ≥ G′ �³_� ¢ G′ = 1 �'� ¡ � ¡ G
� °��.��¦

� �«O9Q�R�S?Q}T
χ
i

G k [�Y\lhY	m\a�Q!R�S§t@i@m|i	t,aDQ�m
Q�n
�^Q��wT p b�] ��s5t�i det χ : G → C
× ]_Q\tfZ�lhQ\`�Z\[\a(i

(det χ)(g) =
det X(g)

Í	[
[�`�Q%d�efR�R#Z\[
[�Q�] V�i�W*Y	]
χ
i	`

X
m�Q�l�m�Q
`�Q}Tha!b k p
	 t@i�m�i	t,aDQ�m�Q�n oqp `,Y	ThS�rLa%[�s5tMu�Q
VqW*Y�R@S det χ� 	 ] �5Q��wT p b�]ca�] p T�Q�b�m p [§t@i�m�i	t,aDQ�m.n

� Q!R5Y	]{�5b	[.� ÉÄ� X � � Y
�*� ¢5�@�h� ¡}� � χ �@� � ��� � � �|� �@¥��   �������=� �@� �}�#�­¯£�@�@�{�.� � �}����� ¡ � ¡ Y (g) =

P−1X(g)P ���@�Ñ�@�v�}�{¢ P ¶ � �@�Ê� � det P−1X(g)P = det X(g) ¦ det X �@�@� ¬ °'�@� � � �*� � ¡ �.� �
 @� ¯ ¬ �
�v� �¤� det X(gh) = det X(g)X(h) = det X(g)·detX(h) �,� � �v¯{�?�.� C× ¶º°'�z�?� � � ¡ � det χ �_¯{�*�  �� ¯ � ¦

� � oqp `�Y�ThS	r%a%[\s#tvu\Q\VwW*Y�R�SÂQ!R�S	[�`�Q}m�� k [�Y
lhY�m\a�T�i	t�T�Q}~ ]_Q\W*Q}aA~vb	[�Y���d�Y,t U p m\m
Q���s k p u p ] p [Ðtfi�m|i	t	a�Q�m
Q�n� Q!R5Y	]{�5b	[.� � � � ¢ ¸ � Æ �.�7� ©*�f� ¢ χ ∈ Irr G �w� � χ(1) = 2 ¦Ó·¿¯£�?�.� χ(1) | |G| � G
�' ����f�»� �.�*¥*���

� �1³_� ¢ �@�@� �  @�|� ¥ � �.�*¥*� g �}�_�.�v��¦ X(g) ∼

[

ε1 0
0 ε2

]
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