
Knight’s Move

Investigations on the 100 Square 

Aims

To help develop numerical investigatory skills.  

To practice a range of specific areas, including multiplication tables, primes, squares, cubics, sequences and series.

Lesson Plan Overview
The move of the Knight in chess is used as a constraint around which to build various activities.  The majority of the activities are based on the student moving as a Knight, from 1 to 100.  

E.g.

· (KS3)  Go from 1 – 100 and visit every square number

· Go from 1 – 100 and visit every cubic number

· Go from 1 – 100 and visit every prime number

· Go from 1 – 100 and visit every multiple of, say, 7  etc 

· (KS4) Go from 1 – 100 and visit every term of the series (n2+1)

In general, the students work individually or in small groups to complete the tasks.  At KS3 this may involve the use of various resources (eg paper squares), and, at KS4, it might be done against the clock.  

Whole class work can be done at the board including introductions, possible answer routes (teacher or student led) and identifying the necessary target numbers.

Short exercise at KS4

The short version of the exercise is suitable for older students as a numeracy exercise (say, using (n2+1)). It can be completed in less than 10 minutes although is based on the same concept as the longer exercise.

· Show all numbers on the grid

· Enter, say, n*n+1 in the custom box.  Click OK, and click custom.

· Students have 5 minutes to write down the numbers moving as a chess piece and visiting each term in turn.

· After 5 minutes, the teacher asks a student to plot the route, but takes answers from the class as to what the next target number is.

Possible Detailed Lesson Plan for longer exercise (KS3)

· For many of the activities students can use copies of a 100 square, coloured pencils, and (selectively) a calculator in order that they can complete the tasks individually or in small groups.  
· Use slides 3 to 5 to introduce the idea of a Knight’s move on a 100 Square.  Load the 100 Square tool and ask students to demonstrate moves. 

· Any activity that involves identifying which of the numbers from 1 to 100 meet a specific criterion can be used.  Teachers can choose from the five activities on the slides, (the text is included below), or use their own activity.

· Introduce the activity.  There are introductory slides for five activities included. 

· The pre-formatted numbered slide can be used to print out 100 squares for students to work on as individuals.  

· The Number Square tool can be used to share an individual’s ideas with the class.

· Permutations on the following sequence generally work well, using “squares” as an example where relevant:

· The whole class, individually or in small groups, works on a challenge, on pre-prepared paper number squares.

· The teacher can interact with both student and class at the board.  EG:

· Individual demonstrates route from 1 to 4.

· Teacher asks class for next target number (9)

· Individual plots route to 9 etc.

· Teacher asks class for next target number (16)

· For most of the activities, the relevant button (eg cubic or square button) can be pre-selected.  EG, if “squares” is selected, when 25 is clicked on the board it will be yellow rather than pink.

Activities

Five activities have slides pre-prepared, and the text is included below.  Obviously any number of others can also be prepared.

1.
“The Century Crusade”

· The Century Knight wants to get to the 100 square.

· Your task is to plot the journey from 1 to 100 in the lowest number of moves. 

No answers given here as there are many possibilities

2.
“The Square Crusade”

· The Square Knight has to see all the square numbers.

· Plot a journey that visits every square number.

· Is this possible?

· What is the shortest path? 

Animated answer:

One possible journey is

1, 13, 25, 4, 16, 28, 9, 30, 49, 57, 36, 44, 56, 64, 83, 62, 81, 73, 85, 77,98, 79 100

Note that clicking the “square” button on the toolbar will make it obvious when a target number is reached.
3.
“The Cube Crusade”

· The Cube Knight has only the cube numbers to inspect.

· Plot a journey that visits all the cube numbers up to 100, starting at 1.

· Is this possible?

· What is the shortest path? 

· What is the shortest path if you visit them in ascending order.

Animated answer:

A 10 move journey: 
1,13, 25, 6, 27, 8, 16, 24, 45, 64

Or, in ascending order:

1,13, 5, 17, 29, 8, 27, 35, 56, 64

This is also 10 moves.

Note that clicking the “cubic” button on the square will add make it obvious when a target number is reached.
4.
“The Complete Crusade”

· The knight on the Cube Crusade has to go from 1 to 100 but visiting every number up to 100 on the way.

· Is this possible? 

· (Yes it is – but many answers are possible so checking can be time consuming).

No answers given here as there are many possibilities
5.
“The Target Crusade”

· The Target Knight combines the numbers from each square it visits using addition or subtraction.

· For example:






1+22-14=  9





-1+22-3-15= 5
· Your task is to find ways of making all the numbers 1 to 20. 

Possible Answers

*1=1

2=1+22+3-24

3=-1+22-3-15

4=1+22+3-22

5= 1+22-3-15

6= 1+13+25-33

7= 1+13+5+17-29

8= -1-13+5+17

9= 1+22-14

10= -1-22 +33

11=1+22+14-26

*12=1+22+43-24-36-48+56+64-43-22-1

13= 1+13-1

14= 1+13

15= 1+22+14-22

16= 1+22+14-26+5
17= 1+13+5+17+9-28

18= -1+22 -3

*19= 1+22+14+35-56+48+27-35-14-22-1

20= 1+22-3

The following observations on the number square may be useful for teachers wishing to take an investigation further:

· It can be useful to consider “closed loops”.  For example starting on 21 the sequence 2,14,33 can be used to give 17.  If we perform the same operation, but starting a square to the right on 22, we can get the total 18.

· It is therefore easy to compile a table showing all necessary numbers.  These obviously follow a pattern.  

· It is useful to use an odd numbered loop as there are two negative numbers and one positive (or vice versa).  This leads to unit progression as the starting square is moved by one unit.  Similarly the progression as the starting square is moved downwards can be examined.

· A second technique (used for number19 and 12 above) is that any route can be taken to the starting point of a loop, the loop performed, and then the route to the loop reversed, therefore leaving just the value of the loop.

· (If desired these two techniques can be used for an impressive mental display…)

