E-320: Teaching Math with a Historical Perspective Oliver Knill, Spring 2021

Lecture 1: Polygons and Polygrams

In the first week lecture we discuss a topic which has cultural historical and artistic connections.
The topic illustrates an amazing unity of mathematics.

1 If you have n people sitting on a circular table who are already acquainted with their neighbors,
how many additional connections need to be done? In other words, how many diagonals are there
in a polygon with n sides? Lets look at small cases. How many diagonals are there in a pentagon,
hexagon or heptagon?

2 Can you find a general formula? What would the answer be for a 17-gon?

S
—. 2 NS TIINN
S AN S oAy NS
YN S G UINSSS
e ST UK USLE RS
SN N A VR 2GA N RS2 A
NS INZS AT N
AR A NS IR A XOSESSE

~ — S —a D

AN

n?\k“\&
S
k;‘

S
LN
B85
IS

A

IR
NI
=
J
N

)i
>N
734l
S
)4
\)‘l
|
S0
s
(A
AN
v,
-1>\7>
ey 7 (
S 9
A
AR
S I5%
A4S ::)
LSl
- {’A
WS>
=)
~
- s
NN =
\“\U//{" i

O
4\ )7 >
Syt
5207

O
)
A

N
NS
-
S
S
A
E o/
2 W
s
vz
b
SN

1)

i
0s
)

7
>
¥
o9,
;
<
4\
AW
2%
QQ

S

ja\
)\1,7
)

74\
N
U
\IJ3
])
%

. -
s
S
AN VJ*’J )
LSS S
SN
e
S
210
“Q [
» ¥
Sy
P
SIAN
AN
QN
ey
>
7
N
V_\g‘)
S -
IS4 SP
BN
_Ja
{4
=
<O
gy
sl
S22
e

-

11
aA4N
05
~1!
0
7
A
d
/8
A i; o
S
D9
N
v
\J
4
)
N
N ~.> '\_)A
o
;‘%}\)
SN
N
=

>
\)
A\
>
D)
J
SISEN
.
®
>
N

3 We can also look at the number of triangles built by diagonals. There are 7 in the 7 gon.
Counting is more difficult. For 17, there are already 442 triangles. Is there a way to get this
without just counting? Here is a table. You filled out already the missing diagonal numbers in
problem 1 and 2. Can you find a rule which allows to complete the table?



n-gon | vertices diagonals triangles 4-cliques 5-cliques 6-cliques
4 4 2

5 5

6 6 2

7 7 . 7

8 8 20 16 2

9 9 27 30 9

10 10 35 50 25 2

11 11 44 77 55 11

12 12 b4 112 105 36 2
13 13

14 14

15 15

16 16

17 17

5 The last questin is homework. Find out as much as you can about pentagons, hexagons,
heptagons, octagons, nonagons. You will find relations with art, religion, mysticism, architecture,
history or of course Mathematics. It does not have to be long.



