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+�^

½Â

+G£�>¤�^u8X§P�GyX, ´�N�

ψ : G × X → X , (g , x) 7→ ψ(g , x) = g .x

÷vµ

1 1.x = x

2 h.(g .x) = (hg).x

d�§¡X, ½(X , ψ), �£�¤G -8"

5µG -8(X , ψ)p�+Ó�

ρ : G → S(X ), g 7→ ρ(g)

¦�ρ(g)(x) = g .x . ��§�½ρ§½�½ÂG -8"
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+�^§m>

1 ½Â+�m�^YxG

2 m�^�Óu+Ó�G → S(Y )op

3 mG -8��þ�Óu�G -8
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~f

1 �H ≤ G§�ÄG/H = {aH | a ∈ G}"KGy(G/H)§�p

��^"

2 AO/§GyG§��K�^

3 éó�§(H\G )xG , ±9GxG m�K�^

4 S(X )yX

5 �K/k"KAut(K/k)yK"�Äf (x) ∈ k[x ]±9�

8RootK (f )"Kk�^

Aut(K/k)yRootK (f )

5µGalois+��þ´����+�
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�õ�~f

1 GL2(F2)yV = F⊕22

2 Σ(�)yVect(�)

3 eGyX§KGg,�^uP(X )§X��8"
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;�

�½GyX , x ∈ X"

1 x�G -;�Ox = G .x = {g .x | g ∈ G}

2 �½ÂXþ��d'Xµ;��Ù�da

3 kÃ�¿

X =
⊔
x∈I
Ox ,

¡�X�;�©)§I�;�����L�X

4 ¡+�^GyX�[�§e�k��;�

5 ~X: éu?Ûx ∈ X§ok����^GyOx¶§o´

�[�"
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­½zf

½Â

�ÄGyX±9x ∈ X"Kx�­½zf

Gx = {g ∈ G | g(x) = x} ≤ G

.

Ún

�x = h.y"KGx = hGyh
−1"�§Ó�;�¥�­½zf´p

��Ý�"
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;�-­½zf½n

½n

�ÄGyX±9x ∈ X"K�3V�

G/Gx −→ Ox , gGx 7→ g .x

��G-�^�N"AO/§·�k;�-­½zfúª

|Ox | = |G/Gx | = [G : Gx ]!
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BurnsideÚn

½n (Cauchy 1845/Frobenius 1887/Burnside 1897)

�ÄGyX§±9;�8ÜG/X"éug ∈ G§�

ÄX g = {x ∈ X | g .x = x}"Kk¶

|G | · |X/G | =
∑
g∈G
|X g |

hint: Oê{(g , x) ∈ G × X | g .x = x}!
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§¢�^

�^GyX�ØN = ∩x∈XGx"eN = 1G§KGyX�§¢

�§�d/§ρ : G → S(X )´üÓ�"

~f

1 ��K�^GyG´§¢�§�§G ↪→ S(G )£Cayley½n,

1878¤

2 m�K�^GyG½ÂXeµg◦h = hg−1§½�§¢�"
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gd�^

�^GyX¡�gd�§e?Ûx ∈ X÷vGx = {1G}§�
d/§|Ox | = |G |"AO/§|G |�Ø|X |!

~Xµ�m�K�^þ�g,�^"

~XµH ≤ G§K¦{p���^HyG�´gd�"
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²��^

�^GyX¡�²��§eg .x = x§?Ûg ∈ G±

9x ∈ X§�d/§Gx = G"

~f

�GyX"KX�ØÄ:8XG = {x ∈ X | g .x = x ,?Ûg ∈ G}"
eXG��§KGy(XG ) ´²��"
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�Ý�^

�Ä�Ý�^GyX = GXe: g◦x = gxg−1

1 ;���ÝaCx

2 Cx = {x}��=�x ∈ Z (G )

3 ­½zf�Z (x) = {g ∈ G | gx = xg}§�¹(x)

4 |Cx | = |G |
Z(x)

·K (a�ª)

|G | = |Z (G )|+
∑
|Cx |>1

|Cx |
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~f

~f

£�µA4��Ýa?
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p-+

k�+G¡�p-+§e|G | = pn"

·K

p-+þk�²�¥%"

·K

p2�+þ�Abel+§�Ó�uZp2½Zp × Zp"
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~f�

~f

S4�Ý�^u�Ýa

X = {A = (12)(34),B = (13)(24),C = (14)(23)}

�Ä�A�+Ó�

S4 −→ S(X )

��Î¥I�ÆEâ�Æ C­�ê��Ê



~f�

~f

�H ≤ G"KG�Ý�^u

XH = {H ′ ≤ G | H ′ �ÝuH}

Kµ

|G | = |NG (H)| · |XH |

Ù¥§�5zfNG (H) = {g ∈ G | gH = Hg}.
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A^

·K

�f+N ≤ G÷v[G : N] = p�G����Ïf"KN��5

f+"

hintµ�ÄGyG/N§ÙØKáuN"�Ä[G : K ]!
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