Quiz 1

Course: Algebraic Topology | (KSM3E02) Instructor: Aritra Bhowmick
Time: 12:00PM — 1:00PM, 20" August, 2026 Total marks: 20
Name: Marks: /20

Amap f: X — Y is null-homotopic if f is homotopic to a constant map X — Y.

Givenamap f : X — Y, the mapping cone C’f is the quotient space
X x [0,1]
(2,0) ~ (2/,0), (z,1) ~ f(z)

Given a subspace A C X, aretractionisamapr: X — Asuchthatr|, =1d,,i.e, 70t =1d, where:
A < X is the inclusion.

Cf =

A space X is contractible if it is homotopy equivalent to a point.

Answer Q1 and one of Q2 / Q3.

Q1. Suppose X = R3 and A is one of the subspaces as below. Describe X \ A as the wedge of circles and
spheres up to homotopy equivalence. No need to provide explanations. [5x 2=10]

a. Aisaninfinite line.

b. A is the union of n-many parallel infinite lines.

c. Ais the union of n-many infinite lines all passing through the origin.

d. Aisthe unitcircle S* centered at origin in the zy-plane.

e. A={(z,9,0) | (¢—1)?+y* =1} U{(,5,0) | (z+ 1) +y* =1}.

Q2. Givenamap f: X — Y, show that the following are equivalent. [54+5=10]
a. f: X — Y isnull-homotopic.

b. There exists a retraction C’f — Y from the mapping cone of f to the base X.

Q3. Given a space X, show that the following are equivalent. [54+5=10]
a. X is contractible.

b. Given anyspaceY,anymap Y — X is null-homotopic.



