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Special 24 Extension Ideas

http://nrich.maths.org

Initially this is obviously a closed question. We're given that this special thing
happens with 24 and the pupils work in different ways to get an answer.

BUT there are ways of opening this out by exploring the initial ideas and changing

rules to investigate further.

Assuming that the answer has been found, we can:

A/ Ask the pupils to look at what happens generally when you perform the same
operations [minus 1, double, add 1] on the square numbers [number 25 being the
one in the question]. As is often the case it is worthwhile looking at the digital roots
of the numbers we get. [See the article, ]
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So that's the kind of table we end up with but when detective-like pupils look to find
things, the digital roots certainly have something to offer.

B/ Ask the older or more experienced pupils to look again at the initial question - the
idea of squaring a number, subtracting 1 and then doubling - and stopping just there
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and exploring. Here are some examples of what you might get and some links that
show up.
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4 B ¢ b
square minus 1 doubled

1 1 ] ]

2 4 3 6

3 9 g 14

4 16 15 30

5 25 | 24 | a8 |

BT 35 70

(7] 49 | 45 9

17 289 | 288 | 576 |

18 324 323 646
19 361 360 720
20 400 399 798
21 441 440 880
22 484 483 966
23 529 528 1056
24| 576 | 575 1150
29 841 | 840 | 1680 |
30 900 899 1798
31 961 960 1920
32 1024 1023 2046
33 1089 1088 2176
34 1156 1155 2310
35 1225 1224 2448
36 1296 1295 2590
37 1369 1368 2736
38 1444 1443 2886
39 1521 1520 3040
40 1600 1599 3198

1680 3360

Having produced a table like this the same kind of question arises that you can ask
the pupils, "What things can you see?" And off you go with them on another
exploration.

Key Stage 3 & 4 pupils might take this onto a spreadsheet and explore, and using
the special numbers that linked in the table above, could take the whole idea further.
As an example of some of the kinds of things that may show up, have a look at this
[which includes the special numbers only that link up, their square root, the
doubling, the amount which has to be added on (no longer minus 1 but 0, 1, 4, 9),
and the final square root, and the digital roots along the way]:
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A 8 c o E F & H I J K L
Cdiff Number D.R.sqrt C +1D.R. Cx2 A sqd G+H D.R.sqrt ID.R.
0 288 9 17 g 376 0 576 9 24 &
1 552 840 3 29 2 1680 1 1681 7 41 5
2 840 1680 & 41 5 3360 4 3364 7 58 4
3 128 2808 9 53 8 5616 9 5625 9 75 3
4 1416 4224 3 65 2 84438 16 2464 4 92 2
3 1704 5928 6 77 5 11856 25 11881 1 109 1
6 1982 7920 9 89 8 15840 36 15876 9 126 9
7 2280 10200 3 101 2 20400 49 20449 1 143 8
8 2858 12768 6 113 5 25536 64 25600 4 160 7
9 2856 15624 9 125 g8 31248 81 31329 9 177 &
10 3144 18768 3 137 2 37536 100 37636 7 194 5
11 7¢32 22200 6 149 3 44400 121 44521 7 211 4
12 a7z 25920 9 161 g8 51840 144 51984 9 228 3
13 aoos 29928 3 173 2 59856 169 60025 4 245 2
14 4204 34224 6 185 5 68448 196 68644 1 262 1
15 4554 3ss08 9 197 g8 77616 225 77841 9 279 9
16  agrz 43680 3 209 2 87360 256 87616 1 296 8
17 5160 48840 6 221 5 97680 289 97969 4 313 7
18 5448 54288 9 233 8 108576 324 108900 9 330 6
19 5736 60024 3 245 2 120048 361 120409 7 347 5
20 &0z 66048 6 257 5 132096 400 132496 7 364 4
21 sz 72360 9 269 g 144720 441 145161 9 381 3
22 ss00 78960 3 281 2 157920 484 158404 4 398 2
23 so87 85848 6 293 5 171696 529 172225 1 415 1
24 Five 93024 9 305 8 186048 576 186624 9 432 9
25 F464 100488 3 317 2 200976 625 201601 1 449 38

C/ Not forgetting this is about squares, we could do well to see the geometry
involved and get the children looking at it spatially:
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square minus 1
x2 and ?
Rz 25 5 Exb Ex? 2 2xd 45 48+1 =
172 | 2B% | 17 17=17 1727 7 Txi B74 E76+0 24
25° | B4l | 25 | 259=2% 25x12 12 | 12=12 1681 16801 412
412 | 1681 [ 41 41x41 41x17 17 | IF=17 | 3364 336044 Eg*
E3* | 2809 | B3 | B3xb3 Edx22 22 | 22x22 | Bb2B B&l6+9 7E
GEF | 4228 | 6B | 4Bx6E £Ex2¥ 27 | 2F=x2¥ | B4L4 Ba4B+le | G2°
IFE | BG29 | FF | TTRIV Tixde 32 | 32=x32 | 1181 | 11BB&4+2E5 | 109°
BS® | 7921 | BS | BG=BS BSx37 A7 | 37=x37 | 158876 | 1584036 | 1267

or another way might be:
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and saying to the pupils "Tell me what you see”.
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So all in all it's a matter of opening doors for the pupils, letting them look in and

asking them to tell you and each other what they see.

It's an opportunity to use some skills and knowledge that have come from other
areas of mathematics, for example: the four rules of number, squares and roots,

digital roots, patterns, spreadsheet use, shape and space ...
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