Fundamental group of S!
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Zm Let p: R — S! be a covering map given by p( ) =
If € Q(S', 1), then a can be lifted uniquely to @ : I — R with a/(0) = 0.
Define ¢ : Q(S',1) = Z by a~ a(1). Now note that ¢ induces

"¢ (S 1) — Z by WA 3.
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7: R — R be a translation given by 7(z) = ).
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HA 2 Let f:S' — X . Then the followings are equivalent.
1. fis homotopic to a constant map.

2. fy:m(SY) = m(X) is 0.

3 . f can be extended to a map f: D> = X.

(In this case f is said to be inessential.)
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F:S"xT— X 7} f2F ¢y Ab0] 8] homotopy et F= S' x5 ¢:S' x I —
D?/S' x {1} & quotient 3} quotient space’oll 4 2] map FE inducedtc},
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o] w] diagram®] o}2AZ o = S x I/(S' x {1})°] D* 2} homeomorphism
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F|51X{0} = f and F|51X{1} = 2.



