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Answer all the questions.
INVESTIGATION MAGIC SQUARES

This investigation looks at ways to make a magic square.
A magic square is a grid with a different number in each square.

The numbers in each row, each column or each diagonal all add up to the same total.
This is the /ine total.

Example

This is a 3 by 3 magic square using the integers 1 to 9.
The line total is 15.

11— 8 1 6
Row 2— 3 5 7
3— A4 9 2
N .
& Y
o l l %,
& %
& é)ozy
s Column <y
Line totals
Row1l 8+1+6=15 Column1 8+3+4=15 Left diagonal 4+5+6 =15
Row2 3+5+7=15 Column2 1+5+9=15 Right diagonal 8+5+2=15
Row3 4+9+2=15 Column3 6+7+2=15

1  This is part of a different 3 by 3 magic square using the integers 1 to 9.

(a) Work out the line total for this magic square.

(b) Complete this magic square.
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2 Aand B are two magic squares using the integers 1 to 9.
More magic squares can be made using reflection.

B is made by reflecting the position of each integer using a vertical line of reflection.
The line of reflection goes through the middle column of A.
The numbers move from the square in A to the reflected square in B.

A | B

g8 | 1] 6 8 i -6 6 | 1|38

305 |7 3 5: 7 7|53

4192 4 élg 2 2| 9| 4
.

|
Line of reflection

(a) Draw a horizontal line of reflection through the middle row of magic square A.

Complete the new magic square C using the horizontal line of reflection.

C

[1]

(b) Two different magic squares can be made by reflection in the left and right diagonal lines drawn
onA.

Complete these magic squares.

Reflection in left diagonal Reflection in right diagonal
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3 (a) (i) Calculate the total of the integers 1 to 9.

................................................. [1]
(ii) A 3 by 3 magic square uses the integers 1 to 9.
Complete the following statements to find the line total for this magic square.
The total of the integers in all three rows = e
The line total S e PR = e
2]

(b) In all of the magic squares using the integers 1 to 9 the integer in the middle square is the same.

(i) Write down the integers 1 to 9.

(ii) What is the connection between the middle integer of the integers 1 to 9 and the magic
square?

(iii) Explain how to use the middle integer of the integers 1 to 9 to find the line total of a 3 by 3
magic square.
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4 A3 by 3 magic square is made using the even integers from 2 to 18.

(a) (i) Find the middle integer of these integers.

................................................. (2]

(ii) Use your answer to Question 3(b)(iii) to find the line total for this magic square.
................................................. [1]

(iii) Use your answers to part (i) and part (ii) to help you complete the magic square below.
16 12

[2]

(b) Use your answer to part (a)(iii) and a reflection to make another 3 by 3 magic square.
[1]
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5  This is a method to make a 3 by 3 magic square.

Example
This uses the integers 1 to 9.
Step 1 o
Add one square to each edge to
make a cross shape. 1
Step 2 A
Draw three diagonals on the grid.
Each one goes through three b | I |
squares. | !
Step 3 9
Write the smallest integer in the P 6
bottom square. A .
Write the other integers along the | 7 5 3
diagonals in order, as shown. L g
4 | 2
%
Step 4 :'"9' R
Move the integers from the s | uls
outside squares to theempty 2} | TV |
squares inside and opposite. | ST |3 i
4 2
Completed magic square
P sied 8116
31517
41912
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(a) (i) Use the method to make a 3 by 3 magic square using the integers 15 to 23.

[4]
(ii) Work out the line total.
................................................. [1]
(b) (i) You can use a similar method to make a 5 by 5 magic square using the integers 1 to 25.
Two of the diagonals through 5 squares have been drawn.
The first six integers have been placed on the correct diagonals.
Complete the 5 by 5 magic square.
The integers 1, 3 and 19 have been put in their final positions to help you.
Do not put integers in the shaded squares.
19
1
5
4
3
6 2
1
[5]
(ii) Complete this statement.
The line total iS  ......cccccevveenennns R x  middle integer. [2]

Question 6 is printed on the next page.
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6  Different 3 by 3 magic squares are made using the first nine terms of a sequence.
The first term of the sequence is 2.
The nth term of the sequence is 3n— 1.

Find four of these magic squares.
Use the method of Question 5 and reflection to help you.

[4]
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