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1a) (5 pts) Define the fundamental group, π1(X, p).
1b) (5 pts) Define deformation retraction.
1c) (5 pts) Define group action on a space. Define orbit space of a group
action.
1d) (5 pts) Define the surface with boundary.

2) (5 pts each) For each of (a)-(d) below: If the proposition is true, write
TRUE. If the proposition is false, write FALSE. No explanations are re-
quired for this problem.

2a) Let X be a topological space and p, q ∈ X .
Then π1(X, p) ' π1(X, q).

2b) Let A be a subspace of the topological space X and p ∈ A. If
f : X → A is a retraction, then f∗ : π(X, p)→ π1(A, p) is an isomorphism.

2c) If X and Y are contractible spaces, then X × Y is also contractible.
2d) Let X be a contractible space. If f : X → X is a continuous map,

then f has a fixed point, i.e. ∃x ∈ X s.t. f(x) = x.

3) Prove or disprove the following statements:
3a) (10 pts) S2 ∨ S2 is contractible.
3b) (10 pts) R3 ∨R3 is contractible.

4a) (10 pts) Let p, q, r ∈ S2. Let X = S2 − {p, q, r}. Compute π1(X).
4b) (10 pts) Let p, q ∈ T 2. Let Y = T 2/p ∼ q. Compute χ(Y ).

5) (20 pts) Let Y = R3 − S1 ∨ S1. Compute π1(Y ) and χ(Y ).

6) (20 pts) Prove or give a counterexample to the following statement:
Let X and Y be compact surfaces with boundary. If X is homotopy

equivalent to Y , then X is homeomorphic to Y , i.e. X ∼ Y ⇒ X ' Y .














