
Homework 12
Math 430

This assignment1 is due April 28, 2010.
1 Build Steffen’s model of a non-convex flexible polyhedron. To be truly convincing, you will

want to think about materials, especially so as to make sure none of the edges flex.
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2 A skeletal model of a polyhedron P is a collection of rigid rods representing the edges of
P and freely movable about common endpoints (that represent the vertices of P ). From
Cauchy’s Rigidity Theorem it follows that the skeletal model of any simplicial (all faces are
triangles) polyhedron is rigid. It is obvious that the skeletal model of the cube is not rigid.

Tasks: Determine whether you can rigidify such a model of the cube by adding
(a) all four body diagonals, or
(b) a certain number of face diagonals.
3 Do one of the following two parts.
(a) Two polyhedra are said to be combinatorially equivalent or of the same combinatorial type

provided there exists an incidence-preserving bijection between their faces, edges and ver-
tices. Among the nine polyhedra listed below, how many different combinatorial types are
there? Justify your conclusions

(b) Two polyhedra are said to be dual to each other provided there exists an incidence-preserving
bijection between the faces of one and the vertices of the other which maps edges to edges.
What are the duals of the nine polyhedra listed below? Justify your answer.

• Tetrahedron {3, 3}
• Cube {4, 3}
• Octahedron {3, 4}
• Dodecahedron {5, 3}
• Icosahedron {3, 5}

• Small stellated dodecahedron {5/2, 5}
• Great stellated dodecahedron {5/2, 3}
• Great dodecahedron {5, 5/2}
• Great icosahedron {3, 5/2}

1I’d like to thank Branko Grünbaum who kindly shared with me several iterations of materials he prepped for
courses he offered on polyhedra at the University of Washington, from which I’ve borrowed the language for several
of these problems. 1
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4 Describe (by Schlegel diagrams, or in some other way) the polyhedra that arise during the
step-by-step construction of the cube (or one of the other three reducible platonic solids)
from the tetrahedron.


