
Math 231 Midterm

Time limit: 90 minutes

September 27, 2016

Note: X, Y will usually denote topological spaces, and a subset of a topological
space acquires the subspace topology by default.

1. State if the following statements are true or false, and justify your
answer. [30 points]

(a) In the finite-complement topology on R, the collection B of sets
that are complements of single points, form a basis.

(b) Any continuous map from a compact space to a Hausdorff space
is an closed map. (Recall that a “closed map” takes closed sets to
closed sets.)

(c) There is a continuous bijection from the circle S1 to the sphere S2.

(d) Let f : X → Y be a continuous surjective map, and let A ⊂ X be
dense in X. Then f(A) is dense in Y .

(e) Any metric space is second countable.

(f) Let X be a normal space, and let A1, A2, A3 be three pairwise-
disjoint closed subsets. Then there are pairwise-disjoint open sets
U1, U2, U3 such that Ai ⊂ Ui for i = 1, 2, 3.

(A pairwise-disjoint collection of sets means that the intersection
of any two is empty.)
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2. Consider the plane R2, and the subsets

A =
⋃
n≥1

{straight line segment from (0, 0) to (1, 1/n)}

and

B = A ∪ {(x, 0)|1
2
< x ≤ 1}

both equipped with the subspace topology.

(a) Show that both A and B are connected. [6 points]

(b) Show that B is not locally connected. [4 points]

3. Consider R with the standard topology. For any subset A ⊂ R, we can
consider the partition PA of R that consists of the subset A, and the
rest singletons.

(a) If A = [0, 1], then show that the quotient space R/PA is homeo-
morphic to R. [6 points]

(Hint: You can use the fact that any continuous bijection that is
a closed map, is a homeomorphism.)

(b) Given an example of a compact subset A such that the quotient
space R/PA is not homeomorphic to R. Justify. [4 points]
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