
There is more to Mathematics than you think.... visit furthermaths.wales to find out more. 
Level 2 Additional Maths can be studied during key stage four.  

In key stage five A Level Mathematics is the most popular¹ A-level and A Level Further Mathematics is the perfect accompaniment.  

The Further Mathematics Support Programme Wales (FMSPW) is here to support students, teachers and departments across Wales
in enriching and developing their Mathematical domain across all key stages.

Enrichment + Professional Learning + Tuition +  Resources + Research  

furthermaths.walesfmspwales@swansea.ac.uk @RhGMBC_FMSPWyoutube.com/c/RhGMBCFMSPW
 ¹https://www.wjec.co.uk/media/invh1fni/gce-a-level-provisional-results-june-2022.pdf
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The Powers of Eleven
Right align the bricks in the triangle. 
Each row gives you a power of 11...
110 = 1, 111 = 11, 112 = 121 etc,.

What is 113?
Can you figure out 115? Be careful!

The Triangular Numbers
If you follow the yellow bricks down 

through each layer,
it reveals the

triangular numbers.

The Tetrahedral Numbers
In the red bricks live the tetrahedral numbers.

Can you draw the pattern they make?

Do you know why they are called the triangular numbers?
Take a look at this pattern.

Binomials
An algebraic expression with 2 

parts is called a binomial. If 
raised to different integer 

(whole number) powers, we 
can use Al-Karaji’s triangle to 

help us determine the 
coefficients. 

Can you expand the binomial to the power 
of 4 using the triangle to help you?

( )x y� �0 1

( )x y x xy y� � � �2 2 21 2 1

( )x y x x y xy y� � � � �3 3 2 2 31 3 3 1

( ) ___ ___ ___x y x y� � � � � �4 4 41 1

( )x y x y� � �1 1 1

The Powers of Two
If you calculate the total of each row
a special set of numbers is revealed.

What power of 2 does the 1st 
row calculate? 

How could you work out 210?

The 6th row calculates 25

1 + 5 + 10 + 10 + 5 + 1 = 32 = 25

Hexagons
Calculate the product of the alternating vertices 

of any hexagon within Al-Karaji’s Triangle.
6 x 5 x 20 = ?
4 x 15 x 10 = ?6 4

10 5 
20 15 Anything

interesting?

0 objects 
Choose 0

1 object 
Choose 0

1 objects 
Choose 1

2 objects 
Choose 2

2 objects 
Choose 0

2 objects 
Choose 1

3 objects 
Choose 0

3 objects 
Choose 1

3 objects 
Choose 2

3 objects 
Choose 3

4 objects 
Choose 0

4 objects 
Choose 1

4 objects 
Choose 2

4 objects 
Choose 3

4 objects 
Choose 4

Combinatorics
If we have a set of objects and you wish
to choose a certain number of them, this
triangle tells you how many possible ways

there are to do this. 
E.g.  if you have 4 books on the shelf, 

I blindly pick any 2, there are 6 different 
pairs of books I could choose.

If you have 6 books and wish to choose 3 of them, 
how many different combinations are there?
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1 4 6 4 1 
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1 6 15 20 15 6 1 
1 7 21 35 35 21 7 1 

28 56 70 56 28 8 1 1 8
1 9 36 84 126 126 84 36 9 1 

Fibonacci
Adding up along these coloured diagonals

gives you the numbers in the 
Fibonacci sequence

1, 1, 2, 3, 5, 8, 13, 21, ...

1  1  2  3  5  8 13 21 ?

What’s next? Is there any other
way to determine the

next number?

Multiples
If you shaded all the 

multiples of 2   
If you shaded all the 

multiples of 3   

What patterns do you create with other 
multiples? Try 4, 5, 6, 7, ....

The Persian mathematician Al-Karaji wrote a book detailing the first formulation of this triangle in the  
10th century. Other mathematicians from different cultures have also written about this triangle, 

including the Persian mathematician Omar Khayyam and Chinese mathematician Jia Xian in the 11th 
century. In Western culture, Blaise Pascal was the French Mathematician whom this triangle is often 

named after.   With 1s in all the bricks on the sloping sides, all other bricks are  the sum of the 
two bricks which touch it’s upper edge.  What value should be in the ? brick?

Who knew!
Within this simple triangle lay many, many mathematical wonders.

Here are just a few....

Al-Karaji’s Triangle
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