
ÍÒ�Ú�Ö×�Ø�Ø Ì���Ò��Ò¸ �����Ö��� Å�Ø��Ñ�Ø�� Ï�ÒØ�Ö×�Ñ�×Ø�Ö ½�»½�
�Öº ËØ���Ò Ã�ÔÔ�Ð�Ö ² Æ�ÓÐ�� ÊÓØ��

�ÖÓÙÔ Ê�ÔÖ�×�ÒØ�Ø�ÓÒ× �Ò È�Ý×�×

ÀÓÑ�ÛÓÖ� �××��ÒÑ�ÒØ � ´�Ù� ÓÒ ¾� ÆÓÚ ¾¼½�µ

������� ��

Ï� ÓÒ×���Ö ÓÒ� ÑÓÖ� Ø�� �Ç2 ÑÓÐ�ÙÐ� Ó� ÈÖÓ�Ð�Ñ ½�º

�µ ÀÓÛ Ñ�ÒÝ ÒÓÒ¹�ÕÙ�Ú�Ð�ÒØ �ÖÖ�Ô× �Ó�× Ø�� ×ÝÑÑ�ØÖÝ �ÖÓÙÔ V4 ��Ú�¸ �Ò� Û��Ø �Ö�
Ø���Ö ��Ñ�Ò×�ÓÒ×�

�µ ��Ø�ÖÑ�Ò� Ø�� ��Ö�Ø�Ö Ø��Ð� �ÓÖ V4º

ÁÒ ÈÖÓ�Ð�Ñ ½� Û� �ÓÙÒ� � ×�Ü¹��Ñ�Ò×�ÓÒ�Ð Ö�ÔÖ�×�ÒØ�Ø�ÓÒ Ó� V4º

µ Ï��� �ÖÖ�Ô× �Ö� ÓÒØ��Ò�� �Ò Ø��× ×�Ü¹��Ñ�Ò×�ÓÒ�Ð Ö�ÔÖ�×�ÒØ�Ø�ÓÒ�

�µ ��ÓÑÔÓ×� Ø�� ×�Ü¹��Ñ�Ò×�ÓÒ�Ð �ÖÖ��Ö ×Ô�� �ÒØÓ �ÖÖ��Ù��Ð� �ÒÚ�Ö��ÒØ ×Ù�×Ô��× �Ý
�ÔÔÐÝ�Ò� Ø�� ��Ò�Ö�Ð�×�� ÔÖÓ��Ø�ÓÒ ÓÔ�Ö�ØÓÖ×º

������� ��

V = C2 �ÖÖ��× Ø�� ¾¹��Ñ�Ò×�ÓÒ�Ð �ÖÖ��Ù��Ð� Ö�ÔÖ�×�ÒØ�Ø�ÓÒ Ó� D3
∼= S3 ´�º Ë�Ø�ÓÒ ¾º�º½µº

ÇÒ W = V ⊗ V Û� ÓÒ×���Ö Ø�� ÓÖÖ�×ÔÓÒ��Ò� ÔÖÓ�ÙØ Ö�ÔÖ�×�ÒØ�Ø�ÓÒº ��ÓÑÔÓ×� W
�ÒØÓ �ÖÖ��Ù��Ð� �ÒÚ�Ö��ÒØ ×Ù�×Ô��× �Ý �ÔÔÐÝ�Ò� Ø�� ��Ò�Ö�Ð�×�� ÔÖÓ��Ø�ÓÒ ÓÔ�Ö�ØÓÖ×¸ �Ò�
��Ø�ÖÑ�Ò� Ø�� �Ð��×�¹�ÓÖ��Ò Ó����ÒØ×º

������� ��

�ÓÖ σ ∈ Sn �Ò� j = 1, . . . , n Ð�Ø kj(σ) �� Ø�� ÒÙÑ��Ö Ó� ´��×�Ó�ÒØµ ÝÐ�× Ó� Ð�Ò�Ø� j �Ò σ¸
�º�º k1(e) = n �Ò� kj(e) = 0 ∀ j > 1º Ë�ÓÛ�

�µ Ì�� ÓÒ�Ù��Ý Ð�×× Ó� σ �× ��Ø�ÖÑ�Ò�� �Ý �Ø× ÝÐ� ×ØÖÙØÙÖ�¸ �º�º

[σ] := {τστ−1 : τ ∈ Sn} = {τ ∈ Sn : kj(τ) = kj(σ), j = 1, . . . , n} .
��Ò ÝÓÙ ÓÑ� ÙÔ Û�Ø� � ÔÖÓÓ� ´ÓÖ �ÐÐÙ×ØÖ�Ø�ÓÒµ Ó� Ø��× ��Ø �Ò ��Ö�ØÖ�� ÒÓØ�Ø�ÓÒ ´×��
Ë�Ø�ÓÒ ½º�µ�
����� ÁÒ ÓÖ��Ö ØÓ Ñ��� Ø�� ÝÐ� ×ØÖØÙÖ� Ú�×��Ð� ÓÒ×���Ö Ø�� ��Ö�Ö�� ����Ö�Ñ Ó�
σ �Ò� ÓÒÒ�Ø Ø�� �Ö×Ø Ð�Ò� ÓÒ Ø�� Ð��Ø ØÓ Ø�� �Ö×Ø Ð�Ò� ÓÒ Ø�� Ö���Ø �Øº� �º�º �ÓÖ
(12), (132) ∈ S3 ÓÒ×���Ö

�Ò� .

�µ Ì�� ÒÙÑ��Ö Ó� �Ð�Ñ�ÒØ× Ó� � Ð�×× �× ��Ú�Ò �Ý

|[σ]| = n!
�

j≤n

kj!jkj
.



������� ��

�ÓÖ A ∈ Cn×n Ø�� Ñ�ØÖ�Ü �ÜÔÓÒ�ÒØ��Ð �× ���Ò�� �×

eA = exp(A) =
∞
�

n=0

An

n!
.

ÈÖÓÚ��

�µ Ì�� ×�Ö��× ÓÒÚ�Ö��× ��×ÓÐÙØ�ÐÝ �Ò� ÙÒ��ÓÖÑÐÝº
����� ÇÒ Cn×n Ù×� Ø�� ÓÔ�Ö�ØÓÖ ÒÓÖÑ

�A� = sup
v∈Cn\{0}

|Av|
|v| ,

�ÓÖ Û��� Û� ��Ú� �AB� ≤ �A� �B�º

�µ �ÓÖ T ∈ GL(n) Û� ��Ú� eTAT−1

= T eAT−1º

µ etA �× Ø�� ÙÒ�ÕÙ� ×ÓÐÙØ�ÓÒ Ó� Ø�� �Ò�Ø��Ð Ú�ÐÙ� ÔÖÓ�Ð�Ñ Ẋ(t) = AX(t)¸ X(0) = 1º

�µ �ÓÖ t, s ∈ C Û� ��Ú� e(t+s)A = etAesAº

�µ
�

eA
�†

= e(A
†)º

�µ det eA = etrAº


