
Quotient smooth manifold.

��� ���������� M�� smooth manifold����� M�� smooth structure��� covering

fM�� pull back	���� 
� ������� ������� ����	�.��	������� 

����� fM�� smooth

structure��� ����������� ��,����� M���� smooth structure��� ����
� ��������

��� �������.

covering p : fM ! M �� �� ! deck transformation group G�� action��� ���

��� !���. (�����
����2�� Covering space-Deck transformation "#��	��� ���$%.)

p�1(x)�� ����� G�� action�� transitive �	� �� regular covering��&�� ����. ��

�
�'� M
�	 fM=G�� ��� 
� ����� ��� ������ ����������.

Let p : fM !M be a regular covering. Suppose fM has a smooth structure such

that the deck transformation group acts on fM as di�eomorphisms. Then M

inherits the smooth structure of fM such that p becomes C1.

(������) Exercise.

��. covering p : R ! S
1
, p(x) = e2�ix.

R������� �(x) = x + 1�� (��� G =< � >�= Z�� (���� ����� deck transforma-

tion group�� ����. �� �
�'� p��� ������)� regular covering�� ����. ���� C
1��

*��� S
1
= R=G = R=Z �� smooth structure��� ��� 
� ����. ��� ��

������

�� universal covering p : R
n
! T

n
= S

1
� � � � � S

1 +� deck transformation

group G =< �1; � � �; �n >�= Z
n
(�i(x) = x+ ei)��� ����,��� T

n����� standard ���

smooth structure���'-.%�	�
�����./%���	�0����� covering p : S
n
! RP n ��

����. �� �
�'� antipodal map �(x) = �x� deck transformation group��� gen-

erate,�� �2
= id��*��� G =< � >�= Z=2�� ����. 1&�� S

n=G = RP n ��

����.(Exercise) ������� �� �� �� 
�	 RP n�� structure��� ��!���� �� ���"�� struc-

ture2� ����.
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