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2
Answer both parts A and B.
A INVESTIGATION CHEQUERED FLAGS (20 marks)
You are advised to spend no more than 45 minutes on this part.

This investigation is about the number of coloured squares on a chequered flag.

A chequered flag has two or more colours making a pattern of squares.
There is always a black square in the top left corner.

The size of a flag is m by n, where m is the number of rows and # is the number of columns.
1 (a) The flag above is a 4 by 5, black and white chequered flag.

Write down the number of black squares and the number of white squares.

Black ..o
WHILe ..o
(b) (i) Complete both tables.
Size of flag
2by 1 2by2 2by3 2by4 2by5 2byn
Black 1 2
White 1 2
Size of flag
4by 1 4 by 2 4by3 4 by 4 4by5 4 byn
Black 2
White 2
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(ii) Find two expressions, in terms of n, for the number of black squares and the number of
white squares on a 6 by n flag.

(¢) How many different sizes of black and white chequered flags are there with 12 black squares and 12
white squares?

(d) m is an even number.

For the flags in this question find an expression, in terms of m and #n, for the number of black squares
on an m by n chequered flag.
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2 Thisis a3 by 5, black and white chequered flag.

(a) Write down the number of black squares and the number of white squares.

(b) Is your expression in question 1(d) correct for this flag?
Write down the restrictions on m and n for your expression in question 1(d).

(¢) Complete both tables.

Size of flag
3by 1 3by?2 3by3 3by4 3byS5
Black
White
Size of flag
Sbyl Sby2 Sby3 Sby4 Sby5S
Black
White

(d) m and n are both odd numbers.
Using your answer to question 1(d), find an expression, in terms of 7 and », for the number of black
squares and the number of white squares.
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3  Thisis a4 by 6, black, white and grey three-coloured chequered flag.

(a) For this flag, write down the number of squares of each colour.

(b) (i) Complete both tables.

Size of flag
3byl 3 by 2 3by3 3 by 4 3by 5 3byn
Black
White
Grey
Size of flag
6 by 1 6 by 2 6 by 3 6 by 4 6 by 5 6 by n
Black
White
Grey
(i) For the flags in this question, find an expression, in terms of m and n, for the number of black
squares on an m by n three-coloured chequered flag.
(iii) Is your expression in part (ii) correct for a flag with 2 rows?
Write down the restriction on # for your expression in part (ii).
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4  The number of black squares on a flag with six colours is %

(a) Show that this is not true for a 16 by 14 flag with six colours.

(b) A six-coloured chequered flag has 3 black squares.

Find all the possible sizes of the flag.

5  The expression % gives the number of each coloured square on an m by n flag with p colours.

What is true about m, n and p?
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B MODELLING AREAS OF POLYGONS (20 marks)
You are advised to spend no more than 45 minutes on this part.
This task looks at the relationship between the number of sides and the area of an enclosure.
A farmer has a 24 metre length of fencing to make an enclosure.
1 (a) He makes a rectangular enclosure as shown in this diagram.

1Im

NOT TO
SCALE
1m Area = 11 m?

Complete this table to show all the possible rectangular enclosures he can make with 24 m of fencing.
The sides of the enclosure are always a whole number of metres.

1 by 11 and 11 by 1 are the same rectangle.

Width (m) | Length (m) Area (m?)

1 11 11

2 10 20

(b) What is the mathematical name of the rectangle that gives the maximum area of the enclosure?
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2 The farmer makes an enclosure that is an equilateral triangle with a perimeter of 24 m.
The perpendicular distance from a corner to the opposite side of the enclosure is 4 metres.

NOT TO
SCALE

Show that the area of this triangle is 27.7m?, correct to 1 decimal place.

3 (a) The farmer makes an enclosure that is a regular pentagon with a perimeter of 24 m.

NOT TO
SCALE

(i) Show thata=72.
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(i) The regular pentagon can be divided into 5 isosceles triangles.
The perpendicular distance from the centre of the pentagon to a side is 4 metres.

Use trigonometry to find the value of /.

NOT TO
SCALE

(iii) Use your value of % to find the area of the isosceles triangle.

(iv) Show that the area of the pentagon is 40 m?, correct to the nearest square metre.
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(b) The farmer makes an enclosure in the shape of a regular hexagon with a perimeter of 24 m.

Use the method in part (a) to find the area of this hexagon.

4  The farmer makes an enclosure that is an n-sided regular polygon with a perimeter of 24 m.
Here is an isosceles triangle from this polygon.

NOT TO
SCALE

(a) (i) Use this triangle and the method from question 3, to show that a model for calculating the
area (Am?) of a regular n-sided polygon with perimeter 24 m is

144

[1800] '
ntan
n

Show all your working.
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(ii) Write down a condition for 7.

(b) Use the model to show that the area of a regular octagon with a perimeter of 24 m is 43.5m?,
correct to 1 decimal place.

(c) Sketch the graph of 4 = % for 3 < n < 50 on the grid below.
ntan [—]
n

A
A

50

0 > n

3 50

(d) The farmer wants to use the 24 m of fencing to make a regular polygon with an area of 44.0m?,
correct to the nearest 0.1 m?.

Find the number of sides of this polygon.

Questions 4(e), 4(f) and 4(g) are printed on the next page.
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(e) Use your graph to write down an estimate of the greatest possible area of a polygon with a
perimeter of 24 m.

() () When n is very large, the shape of the polygon is approximately a .........ccccceveeveerieriesienienieenneens

(ii) Calculate the exact value of the greatest possible area of a shape with a perimeter of 24 m.

(g) Change the model in question 4(a) to find the area of any regular polygon with a perimeter of P.
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