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Extension activities

Idea 1

John Harrison (the inventor of the Numdrum - see his website) offers the following as an extension to the Up and Down Staircases problem:

If we write the number of blocks in each column of the staircase, we get a series of numbers which I call the Noble Duke of York numbers.

For instance in the case of a staircase of height 5 blocks, we get: 

1 2 3 4 5 4 3 2 1

If we assume these digits have place value (i.e. the list above becomes the number 123454321 – one hundred and twenty three million, four hundred and fifty four thousand, three hundred and twenty one), then amazingly we find that the square root of this number is:

11111 (i.e. five 1s)

In fact the square roots of all the Noble Duke of York numbers are a string of 1s, the number of 1s in the string is equal to the centre (largest) digit of the staircase. 

Children could be invited to investigate the square root of these numbers and to find a connection between the number of 1s in the square root and the number itself.

Idea 2
Bernard Bagnall suggests:

This challenge can also be extended by asking the question "I wonder what would happen if we change the stairs slightly?".  Sometimes you have steps up to a good sight-seeing place (for example), four small sets of steps, each at right angles to the other. So we'd have a set of steps coming from North, South, East and West. The first two might look like:
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whereas the first set looked like this:
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Or a third different set could have "infill" - steps in between (health and safety!):
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Then learners can explore 3 sets of numbers that show the number of cubes required for many of each set.
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The last column in each shows the digital root of the numbers in the first column of each. See the article Digital Roots. Lots of things to explore here!

Generally speaking once children have got two or three sets of results that they've found by slightly changing the rules (as above) and they’ve done some exploring, then it's a good idea to compare. In the results we have here they can look at the numbers required for FIRST and subtract those results from the other two sets of results, as well as subtracting the NSEW results from the INFILL results.

So, for example, the results would be:
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Then pupils can look at their digital roots.

I noticed a number of things but just taking an example, looking at the Digital Roots, start with the 2nd 9 in the first set and the 1st 2 in the next set going 

down three at a time we add on 4. [Note that in Digital Roots you have 7 + 4 = 2 and 9 + 4 = 3 etc.]
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So learners now could have three number sequences to explore separately or together. Those pupils able to use spreadsheets could pursue thoughts in that way.
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