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b3ced,fDg@h=i
Y := R

+ × R j X := R
2 \ {(0, 0)} k�l=mnj�o f�pqi3h$rDgWsni l i@rDi@t3fDg j
u pqrDfwv j g k

j�o fwg p : Y → X
ryx g l=l rDfDp
g{z
fVi3h j p}| j g@rVrwg"pZi l=l fwg (r, θ)

g oOo i,pZfDg/fDr l5u h
sni
(r cos θ, t sin θ)

c
~ g3���TfV��i o s m g mOj p}| j p ��u h m fD� j
o snfD� j h
sni�c~U� ��� m i���g mOj fVr o i@rDr j ��g{� j h
sOi�v j rDrYx g m pqi t 7→ (cos 2πt, sin 2πt) k pqi3h t ∈ [0, 1] kp}| j |5g l�jZm7l=u h3sOi�fVh=fDzZfwg{r j rwg�pZi l=l fDg (1, 8π)

c
~ p
��� m i���g mOj s u snsnf�f o i@rDr j ��g{� j h
snf�v j rDryx g m pZi t 7→ (2t + 1, 2

√
3t +

√
3) k pqi@h

t ∈ [0, 1] k g@r���g m fDg mnj v j r l=u h
sni�fDh=fVz
fDg@r j h j rDrDg�� � m g�v,f (1,
√

3)
c

~ v5�*� jZm fV��pZg mnj:o�j p � g@h5p}| j�u hBx fDv j h
snfV��pZg@zZfDi@h j c
�=c�� m i��-g mnj�u h j
onj � l fDiWv,fBfwv j h
sOf���p
g{z
fVi3h j p}| j h=i@h o fwg u h m fD� j�o sOfV� j h3sOi5c
�5c�� j r l fDg@h=i jZu pZrVfwv j i R

2 � v j �5h=fVsOg�rwg mnj rDg@zZfDi@h j v�x j
�
u fD�-g@r j h=z
g

(x, y)ρ(x′, y′) :⇔ x − x′ ∈ Z j y = y′.

�TfD��i o s m g mnj p}| j rVi o�l g@zZfDi �
u i3zZf j h
s jT� i3� j i@��i mn� i�g@r l5m i,v,i@s�sni R×S1 j p}| jrwg l=m i@f j z
fVi3h jT�:u h onu i m fD� j�o sOfV� j h3sOi5c
� ced,fDg

Y
ryx u h5fVi3h j h j r l fDg@h=i^v j rDr j��
u g{s�s m i'pqf m pZi@h �Uj
mnj h=z j v,f m g{t3t@fDi�b j p j h
s m i

m f o�l�j snsnfD�-g@� j h
s j f l5u h
snf (0,−3) k (0,−1) k (0, 1) k (0, 3) �Jo fDg X
rYx u h=fDi@h j v=fRv u=jpZf m pqi3h �UjZmOj h5z j sOg{h5t j h
sOfYc

~ g3�^�%i o s mOu f mnj�u h m fV� j
o snfD� j h
sni p : Y → X
c

~U� ���TfV��i o s m g mOj p}| j h5i@h �:l i oOo f � fDr j g-� j
mnjTu h m fD� j�o sOfV� j h
sOi p : Y → X
pqi@h

u h't m g@v=i�v,fD� j
mOo i�v=g �3u5j rDrViWv j r m fD� j�o sOfV� j h3sOiFs m i���g{sni5c
�=c7�Tt3h=f m fD� j
o snfD� j h
sni � g{h5p}| jFu hBx fDv j h
snfV��pZg@zZfDi@h j-� ��fD��i o s m g mOj i�v=g mOjMu h�pZi@h,�s m i j�o�j � l fVi�c

b


