
CSU Math 472
Fall 2016

Homework 10
Due Monday, November 14 at the beginning of class

Reading.
Sections 5.3, 5.4.

Problems.

1. Let X be a topological space, let p be a point in X, and let α : [0, 1] → X be a loop
in X based at p. Recall e : [0, 1] → p is the identity loop given by e(s) = p for all
s ∈ [0, 1]. Write down an explicit homotopy F : [0, 1] × [0, 1] → X from α to α.e rel
{0, 1}.

2. On page 95, our book proves that if h : X → Y is a homeomorphism, then h∗ : π1(X)→
π1(Y ) is an isomorphism. One step of this proof is the observation that if idX : X → X
is the identity map on X given by idX(x) = x for all x ∈ X, then (idX)∗ : π1(X) →
π1(X) is equal to the identity map on π1(X). Prove this observation.

Remark: Your proof should be very short; this is little more than an exercise in notation.

Remark: Another common notation for the identity map idX : X → X is 1X : X → X;
our book uses this latter notation.

3. Theorem 5.6 states that if X is path-connected, then π1(X, p) and π1(X, q) are iso-
morphic for any two points p, q ∈ X. On page 94, after the statement of the theorem,
the book gives three facts (a), (b), (c). In the proof of Theorem 5.6, it states

“Using (a), (b), and (c) above, it is elementary to check that γ∗ is well
defined, is a homomorphism, and has an inverse, namely (γ−1)∗.”

Using (c), show that γ∗ indeed has an inverse, namely (γ−1)∗.

Remark. Recall that γ∗ : π1(X, p) → π1(X, q) is defined by 〈α〉 7→ 〈γ−1.α.γ〉, where
γ : [0, 1] → X is a path with γ(0) = p and γ(1) = q. The reason we can safely
write 〈γ−1.α.γ〉 (instead of 〈(γ−1.α).γ〉 or 〈γ−1.(α.γ)〉) is because by (b), (γ−1.α).γ '
γ−1.(α.γ) rel {0, 1}, so the location of the parentheses doesn’t matter.

4. Choose any old homework or exam problem, different from previous weeks. State both
the problem and the homework/exam number. Write out a solution that is as clear as
possible, with no extraneous steps.

Remark: You are encouraged to look at and mimic solutions. However, do not look at
solutions simultaneously while you are writing yours. Alternate between looking and
writing.


