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Discussion Points on Polyhedra Activity 

Mathematics Education 322---Modern Geometry 
Dr. Barry Peratt 

 
Directions:  Below are a set of questions that arose during one class’s exploration of the 
polyhedra.  Most of these points would never have arisen because I would not have thought of 
them, had we not spent class time constructing the polyhedra.  Another way to view this is as a 
list of concepts and facts that the students would most likely not have learned had they not been 
given the experience to construct the polyhedra but simply relied on me to think of every 
possible topic that should have been covered in this unit.  Finally, note that most of the following 
topics can be meaningfully discussed in class because everyone in the class now has a common 
“experiential base” to use as a reference point for these ideas. 
 
Issues that Arose in Class: 

1. Can we construct polyhedra that use 3 different types of faces? (XIV) 
2. What does it mean, exactly, to say that each vertex configuration is “the same”?  Are 

there some cases in which our notation limits our thinking? (II, XII, XIII, N, O) 
3. Do regular and semi-regular polyhedra need to be convex? (I, III, IV, IX, X, XIV, XV, P, 

Q, R) 
4. Is it easier to construct the polyhedra with the rubber bands on the inside or outside? 
5. What is the easiest way to count the edges of a polyhedron? 
6. For practical purposes, what happens when a corner has a defect of 0 degrees? 
7. What kind of polyhedron can be built with all hexagons, Mark? 
8. Can a vertex of pentagons have a defect of 0 degrees? 
9. Can you create a vertex with a negative defect? 
10. Can you fit seven triangles around a vertex? 
11. If faces are offset, i.e. if one edge is shared by more than one face, would we still count 

this as a polyhedron? 
12. If we put several polygons together to form one face, would we still count this as a 

polyhedron? 
13. Do the faces of a polyhedron need to be flat? (III, V, VI) 
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Polyhedra from the Class in Question 
 

I 

 

II 

 

III 

 
IV 

 

V 

 

VI 

 
VII 

 

VIII 

 

IX 

 
X 

 

XI 

 

XII 

 
XIII 

 

XIV 

 

XV 
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Issues that Arose in Other Years: 
1. Can rhombuses be used to make drums (prisms and anti-prisms)? (A, B, C, D) 
2. Is it possible that a certain vertex configuration can be constructed, but that it cannot be 

used to make a polyhedron? (5.5.4) 
3. Are the criteria for regular and semi-regular solids redundant?  That is, if we require all 

faces to be regular and all faces to be the same, won’t the vertex configurations 
automatically be the same? (E, F, G, H) 

4. Similarly, if we require that all faces be regular and that only two types of faces be used, 
won’t the vertex configurations automatically be the same? (I, J, K, L, M) 

5. When constructing a polyhedron of, say, all triangles, can’t we just keep adding triangles 
forever? 

6. If we allow irregular polygonal faces, is the number of polyhedra that we can build 
infinite? 

7. Did you see that the icosahedron (vertices 35) consists of two pentagonal caps and a band 
of ten triangles? 

8. Consider the following criteria: 
Regular Polyhedron: faces are regular polygons, faces are congruent, vertex 
configurations are the same. 
Deltahedron: faces are regular polygons, faces are congruent. 
Semi-Regular Polyhedron: faces are regular polygons, vertex configurations are the 
same. 
Semi-Regular Duals: vertex configurations are the same. 

How many semi-regular polyhedra are there? 
9. Why is the cuboctahedron appropriately named? 
10. Did you notice that many of the irregular polyhedra can be obtained by slicing off the 

corners of the regular polyhedra? 
11. Did you notice that a cheap way to make irregular polyhedra is to construct “drums” 

whose top and bottom are any type of regular polygon and whose sides consist of 
triangles or squares? 

12. Can you find the cube inscribed in the dodecahedron? 
13. Can you find a cross-section of a tetrahedron that is a square; i.e., can you wrap a rubber 

band around the tetrahedron so that the rubber band is in the shape of a square? 
14. Can you find a cross-section of a cube that is a hexagon? 
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Polyhedra from Other Years 
 

A 

 

B 

 

C 

 
D 

 

E 

 

F 

 
G 

 

H 

 

I 

 
J 

 

K 

 

L 

 
M 

 

N 

 

O 
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P 

 
 
 

Q 

 
 
 

R 

 
S 

 

 
 
 

T 

 
 
 
 

 
































































































































PLATONIC SOLIDS---REGULAR POLYHEDRA 
 

 
Tetrahedron Octahedron Icosahedron Hexahedron Dodecahedron 

 
 

ARCHIMEDEAN SOLIDS---SEMI-REGULAR POLYHEDRA 
 

 
Truncated Tetrahedron 

 

 
Truncated 

Cube 
Cubocta-
hedron 

Truncated 
Octahedron 

Great 
Rhombicub- 
octahedron 

Rhombi- 
cubocta-
hedron 

Snub Cube 

 

 
Truncated 
Dodecahe-

dron 

Icosidodec-
ahedron 

Truncated 
Icosahedron 

Great 
Rhombi- 

cosidodeca- 
hedron 

Rhombi-
cosidodec-

ahedron 

Snub 
Dodeca-
hedron 

 

 
Infinite Class of Prisms 

 

 
Infinite Class of Antiprisms 
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Examples of Polyhedra Inscribed in Other Polyhedra 
 

 
Tetrahedron Inscribed in a Cube  

Octahedron Inscribed in a Cube as Its Dual 

 
Cuboctahedron Inscribed in Cube 

 
Cuboctahedron Inscribed in an Octahedron 

 
Cube Inscribed in a Dodecahedron 





























































































































































































































































































































































































ARCHIMEDEAN DUALS 
 
 

 
Triakistetrahedron 
(Dual: Truncated 

Tetrahedron) 
 

 
Triakisoctahedron 

(Dual: Truncated Cube) 

 
Rhombic Dodecahedron 
(Dual: Cuboctahedron) 

 
Tetrakishexahedron 
(Dual: Truncated 

Octahedron) 
 

 
Disdyakisdodecahedron 
(Dual: Great Rhombi-

cuboctahedron) 

 
Deltoidal Icositetrahedron 
(Dual: Rhombicubocta-

hedron) 

 
Pentagonal 

Icositetrahedron 
(Dual: Snub Cube) 

 

 
Triakisicosahedron 
(Dual: Truncated 
Dodecahedron) 

 
Rhombic Triacontahedron 

(Dual: Icosidodeca-
hedron) 
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ARCHIMEDEAN DUALS 
 
 

 
Triakistetrahedron 
(Dual: Truncated 

Tetrahedron) 
 

 
Triakisoctahedron 

(Dual: Truncated Cube) 

 
Rhombic Dodecahedron 
(Dual: Cuboctahedron) 

 
Tetrakishexahedron 
(Dual: Truncated 

Octahedron) 
 

 
Disdyakisdodecahedron 
(Dual: Great Rhombi-

cuboctahedron) 

 
Deltoidal Icositetrahedron 
(Dual: Rhombicubocta-

hedron) 

 
Pentagonal 

Icositetrahedron 
(Dual: Snub Cube) 

 

 
Triakisicosahedron 
(Dual: Truncated 
Dodecahedron) 

 
Rhombic Triacontahedron 

(Dual: Icosidodeca-
hedron) 
































































































































Stellated Polyhedra 
Here is a stellated rhombicuboctahedron.  Rather than simply extending the faces, a taller pyramid-like structure is placed on each face.  The 

result is a beautiful stellar object that is traditionally used by the Moravians (a denomination of Christians originating in Moravia, a slavic 
country bordering Poland). 

 

 


































































Stellated Polyhedra Solids 
Properly, stellation is accomplished by extending the sides of an existing polyhedron  

until they intersect to form “pyramid-like” solids atop each face.  Often, the polyhedra which 
result can be interpreted as compound polyhedra – i.e. two inter-penetrating polyhedra. 

 

 
 






Stellated Polyhedra 
Named after Kepler, the stellated octahedron is also called the “Stella Octangula.” 

It can be viewed as two inter-penetrating polyhedra, but is also has a relationship to 
the dual of the octahedron, which is the cube, as shown on the next page. 

 

 
 
 
 
 
 



Stellated Polyhedra 
 

 
 
 
 
 





The Mysterious Bronze Objects That Have Baffled
Archaeologists for Centuries

BY TOM METCALFE
AUGUST 6, 2018

S T O N E S ,  B O N E S ,  A N D  W R E C K S

The Roman dodecahedron Brian Campbell found in East London
BRI A N  C A M PB E L L

M E N U
!



One August day in 1987, Brian Campbell

was refilling the hole left by a tree

stump in his yard in Romford, East

London, when his shovel struck

something metal. He leaned down and

pulled the object from the soil,

wondering at its strange shape. The

object was small—smaller than a tennis

ball—and caked with heavy clay. “My

first impressions," Campbell tells

Mental Floss, "were it was beautifully

and skillfully made … probably by a

blacksmith as a measuring tool of

sorts.”

Campbell placed the artifact on his

kitchen windowsill, where it sat for the

next 10 or so years. Then, he visited the

Roman fort and archaeological park in

Saalburg, Germany—and there, in a

Learn More

0:01



Plato and Kepler on the Regular Polyhedra 
 

Plato associated the regular polyhedra with the basic elements of the universe,  
while Kepler believed they held the key to the orbits of the (6 known) planets 

 

  



"Plato wrote about them in the dialogue Timaeus c.360 
B.C. in which he associated each of the four classical 
elements (earth, air, water, and fire) with a regular solid. 
Earth was associated with the cube, air with the 
octahedron, water with the icosahedron, and fire with the 
tetrahedron. There was intuitive justification for these 
associations: the heat of fire feels sharp and stabbing (like 
little tetrahedra). Air is made of the octahedron; its 
minuscule components are so smooth that one can barely 
feel it. Water, the icosahedron, flows out of one's hand 
when picked up, as if it is made of tiny little balls. By 
contrast, a highly nonspherical solid, the hexahedron 
(cube) represents "earth". These clumsy little solids cause 
dirt to crumble and break when picked up in stark 
difference to the smooth flow of water.  Moreover, the 
cube's being the only regular solid that tessellates 
Euclidean space was believed to cause the solidity of the 
Earth."  (Wikipedia)








