
PHYS 58F HWA1. Due Th Feb 18’th at lecture hours.
The wikipedia links are also very useful. For instance consider the following

as a side reading

https://en.wikipedia.org/wiki/Topological_space

where there are various equivalent definitions of topology, including the one
via neighbourhood set definitions and one via closed sets.

1 Solve problem 1.1.2 from the book.
2 Find an open cover of the real line that does NOT define a topology. Re-
member that an open cover is a collection of open subsets Oα of R -that is open
intervals, ]a, b[ that cover R, that is ∪αOα = R.

3 Consider a function, R f−→ R, which is explicitly given as

f(x) =

{
1 for |x| ≤ 1
0 otherwise

where | · | is the absolute value function, and show that is NOT a continuous
function following the definition of a continuous function between two sets with
a topology. Consider the standard topology on the reals, that is the one provided
by open intervals.
4. Consider the circle and the usual angle co-ordinate we assign to the points
on it. Does this mean that a single chart covers the circle?

4.5 Consider a continuous function from the circle to the reals, S1 f−→ R. Show
that there are at least two antipodal points that have the same f value. An-
tipodal means they are diametrically opposite. Hint: Borsuk-Ulam theorem.
5. Consider the two dimensional sphere, S2. Use two planes tangent to the
north and south poles respectively to perform stereographic projections of points
on the sphere to the planes. Call the co-ordinates on these planes ~rN and ~rS
respectively and show that ~rN = ~rS 4R2/r2S where R is the radius of the sphere.
6 Solve the problem 1.3.2.
7.a-c. Solve the problems 1.4.3, 1.4.4 and 1.4.8.
8.a-c. Solve the problems 1.4.9, 1.4.10 and 1.4.11.
9. Consider the following figure which describes a planar linkage;

The rod at the bottom is constrained to remain in place. The circles repre-
sent joints that allow rotation of the rods on the plane. Assume that the rods
can pass through each other -or that third dimension is exploited for this. This
is truly a mechanical device. What is the manifold that would describe the
configuration space of this device?

There is also a related to a theorem which states that any smooth compact
manifold is diffeomorphic to the configuration space of some planar linkage -
Kapovich and Millson, Topology, 41 (6):1051-1107 (2002).
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Find your own interesting planar linkage and describe the compact manifold
that it defines. Note that your linkage chain does not need to be circular, it
may have two ends fixed for instance.
10. Robotic arms are also interesting in their own rights. Consider a robotic
arm consisting of two rods that are connected with a joint -the elbow- that
allows arbitrary orientation between them in three dimensions - this is of course
an idealization. Assume also that one end of one rod is at a fixed point in space
-the base of the robotic arm. What is the configuration space of such a robotic
arm assuming there is no floor or ceiling constraints. Note that there is no
robotic hand here.
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