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1 – Studying a document and learning new vocabulary 
 
1. Read the following document 

 
We live in a three-dimensional world. Every object you can see or touch has three dimensions that can be 

measured: length, width, and height. The room you are sitting in can be described by these three 

dimensions. Even you can be described by these three dimensions. 

There are many types of three-dimensional shapes. You've surely seen spheres, cylinders and cubes 

before. In this lesson, you will learn about particular solids called polyhedra and you will also learn about two 

special types of polyhedra: prisms and pyramids. 

Polyhedra 

Dice 

 

, match boxes 

 

, soccer balls 

 

are all examples of polyhedra. 

Generally, a three-dimensional shape whose faces are polygons is known as a polyhedron. This term 

comes from the Greek words poly, which means "many," and hedron, which means "face". So, quite literally, 

a polyhedron is a three-dimensional object with many faces.  

The faces of a cube are squares. The faces of a rectangular prism are rectangles. And the faces of a 

truncated icosahedron are pentagons and hexagons. The other parts of a polyhedron are its edges, the line 

segments along which two faces intersect, and its vertices, the points at which three or more faces meet. 

Prisms  

A prism is a polyhedron for which the top and bottom faces (known as the bases) are congruent polygons, 

and all other faces (known as the lateral faces) are parallelograms or rectangles. Technically, when the 

sides are rectangles, the shape is known as a right prism, indicating that the lateral faces meet the sides of 

the base at right angles. In this lesson, when we use the term prism, we mean a right prism. But there are 

other types of prisms, too. 

A prism is described by the shape of its base. For instance, a rectangular prism (cuboid) has bases that are 

rectangles, and a pentagonal prism has bases that are pentagons. 

Pyramids 

A pyramid is a polyhedron for which the base is a polygon and all lateral faces are triangles. In this lesson, 

we will only concern ourselves with pyramids whose lateral faces are congruent — that is, they are the same 

size and shape. 

Technically, when the lateral faces are congruent triangles, the shape is known as a right pyramid, indicating 

that the apex — the vertex at which the lateral faces meet — is directly above the center of the base. In this 

lesson, when we use the term pyramid, we mean a right pyramid. But there are other types of pyramids, too. 

A pyramid is typically described by the shape of its base. For instance, a triangular pyramid has a base that 

is a triangle, and a hexagonal pyramid has a base that is a hexagon. 

For any solid, the surface area is exactly the area of all of the outside surfaces of a three-dimensional 

object. And volume is all of the space inside a three-dimensional object.  

 

Adapted from http://www.learner.org 
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2. Complete the following grid  

Find out the English word corresponding to its definition, or conversely, give a 

defintion of the given English keyword, and add its French version: 

 

 
English keyword or 

expression 
English definition 

French keyword or 
expression 

1  The distance value between two points  

2  The distance value that is lateral (side to side)  

3 The height   

4 A sphere   

5  
A three-dimensional figure with two circular bases that 

are parallel and congruent 
 

6 
A polyhedron  

(plur. polyhedra) 
  

7 A prism   

8  A polyhedron whose faces are rectangles  

9 A right pyramid   

10  
Said for two figures that have the same size and shape, 

i.e., one can be transformed into the other by an 
isometry 

 

11  One of the surfaces of a polyhedron  

12  The segment along which two faces meet  

13  The point at which two or more edges meet  

 
3. In pairs, compare your answers and correct your mistakes, if needed. 
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2 – Building polyhedra with “polydrons” 
 
You are given “polydrons” composed of equilateral triangles, squares, regular 

pentagons and regular hexagons, all polygons with sides of the same length. These 

“polydrons” will enable you to build polyhedra. 

 
Step 1 

a) Build any polyhedron you want. 

b) Describe them as precisely as you can. 

 
Step 2 

a) Inside the collection of polyhedra you have, keep only the ones which are 

convex and have the same regular polygon for each of their faces. 

b) Can you build other polyhedra under these conditions? 

 

Step 3 

a) Inside the collection of polyhedra you have, keep only the ones which are 

convex, have the same regular polygon for each of their faces and the same 

number of faces meeting together at each vertex. 

b) How many polyhedra can you build under these conditions? 

c) Define them as precisely as you can. 
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3 – Polyhedra, polyhedra!!! 
 
1. Any polygon can be defined through a relation involving the number of its vertices 

(denoted V) and the number of its sides (denoted S). What is this relation? 

2. a)   Conjecture an equivalent relation from the following Platonic polyhedra: 

 

 

 

 

 

 

 

 

 

 

 

b)   Sketch other polyhedra and check if the formula is still valid. 
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4 – Studying an authentical document 

Timaeus is a theoretical treatise of Plato in the form of a Socratic dialogue, written 

circa 360 BC. The work puts forward speculation on the nature of the physical world.  

The triangles 53c-55d Τὰ τρίγωνα 
 

(...) every plane rectilinear figure is composed of triangles; (...) Then let us choose two triangles (...) 

one isosceles, the other having (...) its hypotenuse twice the lesser side. When two such triangles are 

joined at the diagonal, and this is repeated three times, and the triangles rest their diagonals and shorter 

sides on the same point as a centre, a single equilateral triangle is formed out of six triangles; and four 

equilateral triangles, if put together, make out (...) the first solid form (...). 

The second species of solid is formed out of the same triangles, which unite as eight equilateral 

triangles and form (...) the second body (...). And the third body is made up of 120 triangular elements, 

forming twelve solid angles, each of them (...) having altogether twenty bases, each of which is an 

equilateral triangle. The one element [that is, the triangle which has its hypotenuse twice the lesser 

side] having generated these figures, generated no more;  

but the isosceles triangle produced the fourth elementary figure, which is compounded of four such 

triangles, joining their right angles in a centre, and forming one equilateral quadrangle. Six of these 

united form eight solid angles (...); the figure of the body thus composed is a cube, having six plane 

quadrangular equilateral bases.  

There was yet a fifth combination which God used in the delineation of the universe.  

http://www.ellopos.net/elpenor/physis/plato-timaeus/triangles.asp 

 

Questions  

1. Give a definition of an isosceles triangle. 

2. Sketch the second kind of triangles described by Plato: “ the other having (...) its 

hypotenuse twice the lesser side”. 

3. Make the construction of an equilateral triangle as defined by Plato. 

4. What is the first “solid form” described by Timaeus? 

5. Describe the “second body” and the “third body”. 

6. Explain: “The one element [that is, the triangle which has its hypotenuse twice the 

lesser side] having generated these figures, generated no more”. 

7. Explain what Plato calls an “equilateral quadrangle”. 

8. How is generated a cube for Plato? 

9. What is the “fifth combination which God used in the delineation of the universe”? 
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5 – To go further with the Timaeus 
 
1. Read the excerpt of Plato’s Timaeus 55d – 57d. 

2. Write a short summary of that text. 

3. By which logical argument did Plato assign one solid respectively to earth and fire? 

Timaeus 55d - 57d 

BUT, leaving this enquiry, let us proceed to distribute the elementary forms, which have now 

been created in idea, among the four elements. To earth, then, let us assign the cubical form; 

for earth is the most immoveable of the four and the most plastic of all bodies, and that which 

has the most stable bases must of necessity be of such a nature. Now, of the triangles which we 

assumed at first, that which has two equal sides is by nature more firmly based than that which 

has unequal sides; and of the compound figures which are formed out of either, the plane 

equilateral quadrangle has necessarily, a more stable basis than the equilateral triangle, both in 

the whole and in the parts. Wherefore, in assigning this figure to earth, we adhere to 

probability; and to water we assign that one of the remaining forms which is the least 

moveable; and the most moveable of them to fire; and to air that which is intermediate. Also 

we assign the smallest body to fire, and the greatest to water, and the intermediate in size to air; 

and, again, the acutest body to fire, and the next in acuteness to, air, and the third to water. Of 

all these elements, that which has the fewest bases must necessarily be the most moveable, for 

it must be the acutest and most penetrating in every way, and also the lightest as being 

composed of the smallest number of similar particles: and the second body has similar 

properties in a second degree, and the third body in the third degree. Let it be agreed, then, both 

according to strict reason and according to probability, that the pyramid is the solid which is 

the original element and seed of fire; and let us assign the element which was next in the order 

of generation to air, and the third to water. 

τὰ τέσσαρα γένη 

καὶ τοῦτον μὲν μεθετέον͵ τὰ δὲ γεγονότα νῦν τῷ λόγῳ γένη διανείμωμεν εἰς πῦρ καὶ 
γῆν καὶ ὕδωρ καὶ ἀέρα. γῇ μὲν δὴ τὸ κυβικὸν εἶδος δῶμεν· [55e] ἀκινητοτάτη γὰρ 
τῶν τεττάρων γενῶν γῆ καὶ τῶν σωμάτων πλαστικωτάτη͵ μάλιστα δὲ ἀνάγκη 
γεγονέναι τοιοῦτον τὸ τὰς βάσεις ἀσφαλεστάτας ἔχον· βάσις δὲ ἥ τε τῶν κατ΄ ἀρχὰς 
τριγώνων ὑποτεθέντων ἀσφαλεστέρα κατὰ φύσιν ἡ τῶν ἴσων πλευρῶν τῆς τῶν 
ἀνίσων͵ τό τε ἐξ ἑκατέρου συντεθὲν ἐπίπεδον ἰσόπλευρον ἰσοπλεύρου τετράγωνον 
τριγώνου κατά τε μέρη καὶ καθ΄ ὅλον στασιμωτέρως ἐξ ἀνάγκης βέβηκεν. [56a] διὸ 
γῇ μὲν τοῦτο ἀπονέμοντες τὸν εἰκότα λόγον διασῴζομεν͵ ὕδατι δ΄ αὖτῶν λοιπῶν τὸ 
δυσκινητότατον εἶδος͵ τὸ δ΄ εὐκινητότατον πυρί͵ τὸ δὲ μέσον ἀέρι· καὶ τὸ μὲν 
σμικρότατον σῶμα πυρί͵ τὸ δ΄ αὖ μέγιστον ὕδατι͵ τὸ δὲ μέσον ἀέρι· καὶ τὸ μὲν 
ὀξύτατον αὖ πυρί͵ τὸ δὲ δεύτερον ἀέρι͵ τὸ δὲ τρίτον ὕδατι. ταῦτ΄ οὖν δὴ πάντα͵ τὸ 
μὲν ἔχον ὀλιγίστας βάσεις εὐκινητότατον ἀνάγκη πεφυκέναι͵ [56b] τμητικώτατόν τε 
καὶ ὀξύτατον ὂν πάντῃ πάντων͵ ἔτι τε ἐλαφρότατον͵ ἐξ ὀλιγίστων συνεστὸς τῶν 
αὐτῶν μερῶν· τὸ δὲ δεύτερον δευτέρως τὰ αὐτὰ ταῦτ΄ ἔχειν͵ τρίτως δὲ τὸ τρίτον. 
ἔστω δὴ κατὰ τὸν ὀρθὸν λόγον καὶ κατὰ τὸν εἰκότα τὸ μὲν τῆς πυραμίδος στερεὸν 
γεγονὸς εἶδος πυρὸς στοιχεῖον καὶ σπέρμα· τὸ δὲ δεύτερον κατὰ γένεσιν εἴπωμεν 
ἀέρος͵ τὸ δὲ τρίτον ὕδατος. 

http://www.ellopos.net/elpenor/physis/plato-timaeus/triangles.asp 
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6 – Working in groups 
 
Group 1: slicing a cube  

1. Sketch a cube with edge a. 

2. Compute the radius of its circumscribing sphere. 

3. Sketch the 4 diameters of the circumscribed sphere. They slice the cube into 

solids. Describe them precisely. 

4. Evaluate the volume of each of these solids. 

5. Conclusion: build the general formula giving the volume of such a solid. 

6. Prepare an oral presentation. 

 

Group 2: volume of a tetrahedron 

1. Remind the formula giving the area of a triangle. 

The aim of this activity is now to find out the formula giving the volume a tetrahedron. 

Consider a tetraedron with area of one face B, height h and volume V. 

2. Sketch a picture. 

3. Cut it with three planes each of them parallel to a face and passing through the 

midpoints of the edges. 

4. Define the different solids obtained from the initial tetrahedron. 

5. a)   Explain why three of them are congruent. 

b)   Evaluate their volume denoted t, in terms of V. 

6. Consider the fourth solid.  

a)   What solid is obtained by completing it with one solid of volume t? 

b)   Evaluate the volume of this fourth solid denoted p. 

7. Deduce the expression of V, in terms of B and h. 

8. Prepare an oral presentation. 

 

Group 3: properties of regular tetrahedra (1) 

1. Sketch a regular tetrahedron called ABCD with edge a. 

2. Property of the edges 

a) Prove that line (CD) is perpendicular to plane (ABI) with I the midpoint of [CD]. 

b) Deduce that line (CD) is perpendicular to line (AB). 

c) Explain the general property in a regular tetrahedron you’ve proved. 

3. Properties of the medians 

Definition: a median of a tetrahedron is a line segment connecting a vertex with 

the centroid of the opposite face. 
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a) What is the centroid in a triangle? 

b) Naming S the centroid of BCD, prove that line (CD) is perpendicular to line 

(AS). Similarly, we would prove that line (BC) is perpendicular to line (AS). 

c) What can you deduce for the median (AS)? 

d) Explain the general property in a regular tetrahedron you’ve proved. 

e) Prove that the four medians in a tetrahedraon are concurrent and that their 

intersection point is the centroid of the tetrahedron. 

4. Prepare an oral presentation. 

 

Group 4: properties of regular tetrahedra (2) 

1. Sketch a regular tetrahedron called ABCD with edge a and name I, J, K, L M and 

N the midpoints of its sides [AB], [AC], [AD], [BC], [BD] and [CD]. 

 
Definition 1: a bimedian of a tetrahedron is a line segment connecting the midpoints 

of opposite edges. 

2. Define the bimedians of ABCD. 

3. Property n°1 

Prove that the bimedians bisect each other. 

4. Property n°2 

Definition 2: the perpendicular bisector plane (or bisecting plane) of a segment is the 

plane that cut that segment orthogonally at its midpoint.  

Consequence: the bisecting plane of segment [AB] is the set of all the points that are 

equidistant from A and B. 

a) Prove that (CDI) is the bisecting plane of [AB]. 

b) Deduce that line (IN) is perpendicular to line (AB). 

c) Prove that line (IN) is perpendicular to line (CD). 

d) Explain the general property you’ve proved. 

5. Property n°3 

Prove that the bimedians intersect at the centroid of the tetrahedron. 

6. Prepare an oral presentation. 

 

 

7 – Oral presentations 
 


