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 Mathematics and

 Islamie Art

 by Lesley Jones,
 Goldsmiths' College, University of London

 The Influence of the Vedic Square
 The most exciting experiences in mathematical develop-
 ment are the discovery of unifying ideas which are central to
 many different topics. One such idea is the Vedic square.
 Not that I am claiming to have discovered the Vedic square!
 Its properties were known to the people of Northern India
 many centuries ago and it was the basis of a whole
 mathematical system. In AD 770 the Muslims incorporated
 it into their system of mathematical knowledge. It is from
 them that our knowledge has developed. Some of the
 properties of the square led to the discovery of systems
 which formed the basis of the intricate patterns and designs
 which are now familiar to us as examples of Islamic Art.

 The Qur'an affects all aspects of life and the ban on
 representational art led to an artistic tradition which con-
 trasted with the developments in European Art. In mosques
 and in the illuminated writing of Qur'ans no decoration
 could depict people or animals so there developed a tra-
 dition in which geometric and rhythmic patterns pre-
 dominated. The people had a nomadic lifestyle so many
 portable belongings were decorated in a similar way. Their
 clothes, textiles, carpets, metalwork and pottery were ador-
 ned with intricate patterns.

 There are many good reasons for exploring Islamic
 patterns in school. They provide a genuine cross-curricular
 focus, offering scope for co-ordinated work in mathematics
 and art. The examples are not the usual Euro-centric ones.
 Here is an opportunity to show that we value contributions
 from other cultures, both in terms of artistic expression and
 mathematical knowledge. Before starting the project it
 would be useful to familiarise all of the pupils with some of
 the designs. Posters and postcards can be obtained and
 displayed around the room. Muslim pupils may be able to
 lend fabrics and artefacts with patterns on them.

 The Vedic square is created in a similar way to the
 familiar multiplication square. Using the digits 1 to 9 across
 the top row and down the first column they are then
 multiplied together and the results placed in the appro-
 priate slot in the matrix. Where the result is more than a one
 digit number the digit sum is used in the square, thus 4 x 4
 = 16, 1 + 6 = 7.

 The pattern for multiples of 9 produces the rather strange
 result with 9 in every position in the final row and column.
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 1 2 3 4 5 6 7 8 9

 2 4 6 8 1 3 5 7 9

 3 6 9 3 6 9 3 6 9

 4 8 3 7 2 6 1 5 9

 5 1 6 2 7 3 8 4 9

 6 3 9 6 3 9 6 3 9

 7 5 3 1 8 6 4 2 9

 8 7 6 5 4 3 2 1 9

 9 9 9 9 9 9 9 9 9

 Fig. 1

 Once the square is complete the search for patterns can
 commence. At this stage I am reluctant to continue as I
 would not wish to spoil the reader's fun. If you have not met
 the square before do pause here and try your hand at finding
 patterns in the square. It doesn't take very long to find out
 why "9" was seen as such an important number in the Vedic
 system. The complements in 9 have strong links in the
 square (e.g. compare the "8" row with the "1" row and the
 "2" row with the "7" row).

 Consider the pattern which shows where each number
 occurs. Not only does each example show rotational
 symmetry, but each complementary pair produces a
 reflection.

 For each pattern there is a choice of ways to join the
 numbers. How many ways could this be done, producing a
 symmetrical result?
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 2 3

 3 3 3
 2 3

 3 3 3
 2 3

 142 3
 4

 5 6

 4 5 5 6
 6 6 6

 4 5 6

 45 6

 6 6 6
 4 4 5 6

 7

 7 8 8 9

 77 8 8
 9 9 9

 9

 8 9

 7 8 9
 9 9 9

 7 89
 7 8 999999999

 Fig. 2

 Combined patterns produced by traced overlays or dotty
 paper drawings begin to be reminiscent of the Islamic
 patterns.

 Fig. 3

 The digit pattern from each row can be used to create a
 "spiral". Right angles and 1200 turns produce interesting
 results, but there is no need to be restricted to these. (The
 figures for this article were produced using Logo, so the
 interior 1200 angle is denoted 60a.) Spirals can be produced
 on dotty paper, or with the help of a microcomputer. Alan
 Brine and Derek Bunyard (1) describe the "Vedic"
 program on Micromath Disc 3 which enables children to
 get straight into the patterns.

 Using the Fibonacci Sequence as a
 Starting Point
 In 1228 Fibonacci introduced to Europe the number se-
 quence which was named after him. He had studied math-
 ematics with the Arabs and it seems likely that this is where
 he met the sequence.

 The sequence in its usual form gives us;

 O 1 2 3 5 8 1321345589...

 By finding digit sums we reduce the sequence to;

 0112358437189887641562819 1123...

 (The digit sums can be used to extend the pattern. You do
 not need to revert to the original numbers.)

 Mathematics in School, September 1989

 Clearly the pattern will repeat itself as indicated by the
 shaded section above.

 If we select alternate terms we note that there are two

 different sequences intertwined.

 // / it\
 1 2 5 4 7 8:8 7 4 5 2 1..

 \ / /

 / and 1 3831 8616 and 0 1 3 8 3 1 9 8 6 1 6 8 9...

 The first sequence is symmetrical. The symmetry of the
 second is apparent through pairing the complements in 9,
 but we can also note that the first and last 5 terms of the

 second sequence have a symmetry of their own.
 Using these patterns to produce spirals we begin to see

 the creation of familiar motifs and patterns.

 90

 Fig. 4 1, 2, 5, 4, 7, 8, 8, 7, 4, 5, 2, 1 .

 Fig. 5

 Fig. 6

 60o
 1, 2, 5, 4, 7, 8, 8, 7, 4, 5, 2,1 ..

 90.

 1, 3, 8, 3, 1, 9, 8, 6, 1, 6, 8, 9 ...
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 60a
 1,3,8,3,1,9,8,6,1,6,8,9...

 Fig. 7

 Starting the sequence with different numbers and follow-
 ing the same routine we obtain

 02246178652797753821347292246...

 which separates into;

 / 8 775814 \ 2

 2 4 1 8 5 7:__7 5 8 1 4 2.,..

 / 6 7-H2 \ \
 and 0 2 6 7 6 2 9 7 3 2 3 7 9..

 \\"V //

 The symmetry patterns are the same, but the spiral patterns
 appear as in Figs. 8, 9, 10 and 11.

 90a
 2, 4, 1, 8, 5, 7, 7, 5, 8, 1, 4, 2 ...

 Fig. 8

 Fig. 9

 Fig. 10

 60"

 2, 4, 1, 8, 5, 7, 7, 5, 8, 1, 4, 2

 90a
 0,2,6,7,6,2,9,7,3,2,3,7, 9..

 60a
 0,2,6,7,6,2,9,7,3,2,3,7, 9..

 Details of a Koran frontispiece based on a decagon grid. Egypt,
 14th century.
 a The British Library

 When we explore the pattern starting with 0 3 3 we
 obtain a pattern with quite a different look;

 0336966393369663933696639

 which separates into;

 3 6 6 3 3 6:6 3 3 6 6 3..

 and 0 3 9 6 9 3 9 6 9 3 9 6 9..

 But the symmetry in the pattern remains the same (accept-
 ing that 9 + 9 = 1 + 8 = 9).
 The spiral patterns have a very different look, but provide

 promising and recognisable motifs for our patterns.

 Fig. 12

 Fig. 13 Fig. 11

 60'
 3,6,6,3, 3

 90"

 3,6,6,3,3,6,6...
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 Fig. 14

 Fig. 15

 60a
 3,9,6,9,3,9, 6...

 90a
 3,9,6,9,3,9, 6 ...

 The pattern starting with 0 4 4 gives us

 044832573145955167426854944..

 which separates into;

 4 8 2 7 1 5:5 1 7 2 8 4...

 / /and 4\ 3534 564659... and 0 4 3 5 3 4 9 5 6 4 6 5 9 ...

 with the spiral pattern shown below.

 Fig. 16
 60a
 4,8,2,7, 1,5,5, 1,7,2,8, 4 ...

 Details from a Koran illumination based on the grid shown at 28. The
 slimmer shape of the star's rays and the smaller central octagon are
 produced by positioning the interlacing ribbon over the grid as shown TOP,
 i.e. with the grid line either in the centre or to one side of the ribbon, a
 device which allows for further variations in designs of this kind. Egypt,
 15th century.

 Detail from a Koran frontispiece with a design laid out on a grid similar,
 though not identical, to that shown OPPOSITE. Egypt. 1356.

 Fig. 17

 90a

 4, 8, 2, 7, 1, 5, 5, 1, 7, 2, 8, 4 ..

 60'
 4,3,5,3,4,9,5,6,4,6,5,9..

 Fig. 18

 Fig. 19
 90'

 4,3, 5,3,4,9, 5,6,4, 6, 5, 9..

 At this point a glance at the patterns will show that the
 rest are contained within those already created. Once again
 the pairing of complements in 9 are apparent.

 The 0 4 4 pattern contains the one which starts 0 5 5.
 The 0 3 3 pattern contains the one which starts 0 6 6.
 The 0 2 2 pattern contains the one which starts 0 7 7.
 The 0 1 1 pattern contains the one which starts 0 8 8.

 The reader is left to ascertain what happened to the 0 9 9
 pattern.

 Reference
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