
Homework: magic squares 

• A magic square will remain magic if any number is 
added to every number of a magic square. 

• A magic square will remain magic if any number 
multiplies every number of a magic square. 

• A magic square will remain magic if two rows, or 
columns, equidistant from the centre are interchanged. 

• An even order magic square ( n x n where n is even) 
will remain magic if the quadrants are interchanged. 

• An odd order magic square will remain magic if the 
partial quadrants and the row is interchanged. 

 



• There are many 5×5 pandiagonal magic squares. Unlike 4×4 
panmagic squares. The above is a 5×5 associative panmagic square: 

• In addition to the rows, columns, and diagonals, a 5×5 pandiagonal 
magic square also shows its magic sum in four "quincunx" patterns, 
which in the above example are: 

• 17+25+13+1+9 = 65 (centre plus adjacent row and column squares)  
21+7+13+19+5 = 65 (centre plus the remaining row and column 
squares)  
4+10+13+16+22 = 65 (centre plus diagonally adjacent squares)  
20+2+13+24+6 = 65 (centre plus the remaining squares on its 
diagonals)  



6-pointed Magic 
Square- 80 different 

possibilities 



Geometry 

a fragment of Euclid's “Elements.”  3rd century 
B.C. 



Euclid's Postulates in his “Elements” 
(axioms – basic truths) 

1. A straight line segment can be drawn joining any two 
points.  

2. Any straight line segment can be extended indefinitely in a 
straight line.  

3. Given any straight line segment, a circle can be drawn 
having the segment as radius and one endpoint as centre.  

4. All right angles are congruent.  
5. If two lines are drawn which intersect a third in such a way 

that the sum of the inner angles on one side is less than 
two right angles, then the two lines inevitably must 
intersect each other on that side if extended far enough. 
This postulate is equivalent to what is known as the parallel 
postulate.  

 
http://mathworld.wolfram.com/EuclidsPostulates.html 



Birth of Geometry 

• Egyptians  (sacred) 

• Pythagoras 

• Plato (not a mathematician!) 

• Aristotle (also not a 
mathematician!) 

• Euclid 

 

See also: 

http://www.handsonmath.com/
PAGES/Timeline.html 



Christian Sacred Geometry 

Chartres Cathedral 
Labyrinth 

Trinity Knot  
http://www.labyrinthos.net/typolab01.html 



Islamic Sacred Geometry 

https://www.facebook.com/SacredGeometryOfIslam 

 

The Nasīr al-
Mulk Mosque 
(Persian: 
Masjed-e Naseer 
ol Molk) or Pink 
Mosque is a 
traditional 
mosque in 
Shiraz, Iran 
 



Topologically speaking.... 

Topology is the mathematical study of the 
properties that are preserved through 
deformations, twistings, and stretchings of 
objects. Tearing, however, is not allowed.  

The definition of topology leads to the following 
mathematical joke (Renteln and Dundes 2005):  

Q: What is a topologist? A: Someone who cannot 
distinguish between a doughnut and a coffee cup.  

http://mathworld.wolfram.com/Topology.html 



Coffee cup to Doughnut and back 



August Ferdinand Möbius 
 (1790–1868) 

He is best known for his discovery of the Möbius 
strip, a non-orientable two-dimensional 
surface with only one side when embedded in 
three-dimensional Euclidean space. 



Let’s try it 

Make a loop by making a half twist in a strip of 
paper 

Draw a line down the middle of the strip – how 
many sides are there? 

Cut the strip down the line. What do you expect 
to get?  What do you get? 



More surprises? 

Make a loop by making a half twist in a strip of 
paper again 

Cut it starting a third of the way from one edge 
– keep cutting until you pass the original 
starting point then carry on until you meet it 
again. What happens now? 

What happens when you cut a loop with one full 
twist and one and a half twists? 





New National Library for Kazakhstan 
http://www.bustler.net/index.php/article/big_to_design_kazakhstans_new_national_library_in_astana/ 



Projective Geometry  

Disputation of 
St Stephen 
by VITTORE 
CARPACCIO  

(1514) 

 



Projective Geometry 

 



Projective Geometry – Da Vinci 

 



The Klein bottle 



Fortunatus’s Purse  
(from Sylvie and Bruno Concluded by Lewis Carroll) 

http://www.lewiscarroll.net/lite/sylbru2/chap7.htm 



Constructing 
Fortunatus’s Purse 



 

http://www.toroidalsnark.net/mkexh2005/Page2.html 



distinct topological objects 

In these figures, parallel 
edges drawn in solid join 
one another with the 
orientation indicated 
with arrows, so corners 
labeled with the same 
letter correspond to the 
same point, and dashed 
lines show edges that 
remain free (Gardner 
1971, pp. 15-17; Gray 
1997, pp. 322-324). The 
above figures correspond 
to the disk (plane), Klein 
bottle, Möbius strip, real 
projective plane, sphere, 
torus, and tube. 



Polygons (not dead parrots!) 

A closed plane figure for which all sides are line 
segments. The name of a polygon describes 
the number of sides. A polygon which has all 
sides mutually congruent and all angles 
mutually congruent is called a regular 
polygon. 

A pentagon 
A regular 
pentagon 



Regular Polygons 

http://www.mathwords.com/p/polygon.htm 

Concave 

Convex 



Regular Polygons 

 



Tesselations 

A tessellation is created when a shape is 
repeated over and over again covering a plane 
without any gaps or overlaps. 

• a tessellation of equilateral  
triangles 

• a tessellation of squares  

 

• a tessellation of regular  
hexagons  

http://mathforum.org/sum95/suzanne/whattess.html 



Pentagon tessellation – not regular 

You have to compromise the angles or the length of the sides 



The 14 Different Types of Convex 
Pentagons that Tile the Plane 

• http://www.mathpuzzle.com/tilepent.html 



Combinations 

 



http://paisley-and-patterns.blogspot.co.uk/2011/09/tessellation-papers.html 



Escher (1898-1972) 

Maurits Cornelius Escher is one of the world’s most 
famous graphic artists. He is most famous for his 
impossible structures, but he also created other 
beautiful works of art such as realistic work, 
tapestries, and murals. He uses interlocking 
shapes, transforming creatures, and impossible 
structures to challenge the viewer’s perception of 
reality. He once stated, “The ideas that are basic 
to them often bear witness to my amazement 
and wonder at the laws of nature which operate 
in the world around us.” This amazement with 
nature’s laws inspired his works. 

http://drawingatduke.blogspot.co.uk/2011/10/m-c-escher.html 



Ascending 
and 

Descending 

http://www.mcescher.com/ 



Escher (1898-1972) – his art 



 

http://platonicrealms.com/minitexts/Mathem
atical-Art-Of-M-C-Escher/ 



 



 



 



Tesselations 

 



Four colour map problem 

• What is the smallest number of colours you 
can use to colour in any map? 
(where every country is one distinct ‘zone’ not 
separated by any other area of land) 

• Answer is 4 

• But it took a computer to 
 prove this is so! 
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