
Homework 13
Math 430

This assignment is due May 5, 2010.
1 Using the Geometer’s Sketchpad, use the description in the article Geometry Strikes Again

to draw an orthogonal projection of a regular icosahedron. You may use estimation and
continuity to help you find the point x that makes the golden ratio with two points as
discussed in the article. Alternately you can construct a tool for constructing a line divided
into the golden ratio, or use Geometer’s Sketchpad’s scaling tools.

2 Using the Geometer’s Sketchpad, construct a drawing in one-point perspective of an octahe-
dron embedded in a cube, with the vertices of the octahedron as the midpoints of the faces
of the cube. Make a toggle button for your construction lines, and make the construction
lines hairlines. Make the edges of the polyhedra medium thick.

3 Determine the affine hull of the following sets of points in R3. Which points are affinely
independent? Why?

(a) {(1, 0, 0), (0,−1, 0), (0, 0, 1)}
(b) {(1, 0, 0), (0,−1, 0), (0, 0, 1), (1, 1, 0)}
(c) {(1, 0, 0), (0,−1, 0), (0, 0, 1), (1, 1, 1)}
4 An affine transformation T : Rd → Rd is any map of the form

T (x) = Ax + b

where A is an invertible d× d matrix and b is a vector in Rd. Prove the following:
(a) If {v1, . . . ,vk} is an affinely independent set and S = aff (v1, . . . ,vk), then T (S) is a k-

dimensional affine subspace.
(b) If S and S′ are two affine subspaces such that S is a translate by the vector p of W =

Span(v2, . . . ,vk) and S′ is a translate of W by the vector q, then we say that the affine
subspaces S and S′ are parallel. Show that T (S) and T (S′) are also parallel.

5 Using the definition of a convex set, prove that if v1, . . . ,vn are vectors in Rd, then
conv (v1, . . . ,vn) is a convex set. (Hint: This may be done by induction where the in-
ductive step is that if S is a convex set, p ∈ S and x is a point, show that any point on the
line connecting p and x is in conv (x, S).)

6 Which of the following are Schlegel diagrams of the cube. If it is a Schlegel diagram, indicate
(approximately) the viewpoint from which it is obtained.

(a) (b) (c)

(d) (e) (f)

(g) (h) (i) !
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