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Answer both parts A and B.
A INVESTIGATION (QUESTIONS 1 and 2)

PILING SQUARES (30 marks)

You are advised to spend no more than 50 minutes on this part.

This investigation looks at different ways of piling squares.
All the squares are the same size.

1  Squares are piled in a pattern, like this:

1 square on the bottom row 2 squares on the bottom row
Total = 1 square Total = 3 squares

(a) On the dotty paper, complete the next diagram in the sequence.
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3 squares on the bottom row
Total = 6 squares



(b) (i) Complete the table.

Number of squares

on the bottom row (s) ! 2 3 4 > 6 7
Total number 1 3 6

of squares (7)

2]
(ii) A formula for finding the total number of squares is 7 = xs* +ys.
Find the value of x and the value of y.
X = e
D T e [3]

(iii) Show that the formula in part (ii) gives the correct total for a pattern of squares with 8 squares
on the bottom row.

[3]
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2 Black squares and white squares are now piled on top of each other.

4

Every row starts with a white square, followed by a black square, followed by a white square and so on.

1 square on the bottom row
1 white square

0 black squares

Total = 1 square

(a) On the dotty paper, complete the next diagram in the sequence.

(b) Complete the table.

2 squares on the bottom row
2 white squares

1 black square
Total = 3 squares

3 squares on the bottom row

4 white squares
2 black squares
Total = 6 squares

Number of squares 1 3 6
on the bottom row (s)

Number of black 0 o) 9
squares (b)

Number of white | 4 12
squares (W)

Total number

of squares (7') 1 ° 8
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(¢) (i) Complete the two tables for black squares.
Some of the information is in the table in part (b).

Odd number of squares

on the bottom row (s) I 3 > 7 ?
Number of black 0 ) 20
squares (b)

Even number of squares

on the bottom row (s) 2 4 6 8 10
Number of black 1 9 16

squares (b)

[1]

(ii) A formula for finding the number of black squares, b, when the number of squares on the
bottom row, s, is an odd number is

b = xs* +y.

Find the value of x and the value of y.

(iii) Find a formula for the number of black squares, b, when the number of squares on the bottom
row, s, is an even number.
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(d) (i) Complete the two tables for white squares.
Some of the information is in the table in part (b).

Odd number of squares

on the bottom row (s) ! 3 > 7 ?
Number of white 1 4 )5
squares (w)

Even number of squares

on the bottom row (s) 2 4 6 8 10
Number of white ) D 20

squares (W)

[1]

(ii) A formula for finding the number of white squares, w, when the number of squares on the
bottom row, s, is an odd number is

w=xs>+ ys+ %

Find the value of x and the value of y.
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(iii) Find a formula for the number of white squares, w, when the number of squares on the bottom
row, s, 1S an even number.

(e) A pattern has a total of 253 squares.

Calculate the number of squares on the bottom row, the total number of white squares and the total
number of black squares.

Number of squares on the bottom row .........ccceeviveeiiieniiieicieeiee e,
Total number of White SQUATES ........c.cevveeriieriiiieeiieiiee e

Total number of black SQUATES ........c.eevveerieriieieeieeee e [4]
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B MODELLING (QUESTIONS 3 to 6)
A BOUNCING BALL (30 marks)

You are advised to spend no more than 50 minutes on this part.

This task looks at modelling the bounce of a ball.

A ball drops vertically onto a hard floor.
Each time the ball bounces it rises vertically upwards until its speed becomes zero.
At this point the ball drops vertically to bounce on the hard floor again.

3 Aball drops from a height of 10 metres.
Each time it bounces it rises to a maximum height which is half the height that it previously dropped.

{l NOT TO

SCALE

1st bounce 2nd bounce 3rd bounce

(a) Calculate the maximum height of the ball after 4 bounces.

................................................. [2]
(b) (i) Calculate the first maximum height that is less than 10cm.
................................................. [2]
(ii) Write down how many bounces the ball has made when its first maximum height is
less than 10 cm.
................................................. [1]
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(¢) A model for the maximum height, # metres, which the ball rises after n bounces, is

h=pxq".
For example, when n =1, h = 5.

Find the value of p and the value of g.

4  Aball drops from a height of 35 metres.
After 4 bounces it reaches a maximum height of 0.056 metres.
Each time it bounces it rises to a maximum height which is a fraction of the height that it previously
dropped.

Calculate the value of this fraction.
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5 A model for the total distance, D metres, which a ball travels vertically, is

where p is the height from which the ball is dropped
and ¢ is the fraction of the previous maximum height.

(@) (i) When ¢ =0, find D and explain what happens to the ball.

D= i, AN et
............................................................................................................................................. [1]
(ii) When ¢ = 1, explain what happens to the ball.
............................................................................................................................................. [1]
(b) Calculate the total distance that the ball in Question 3 travels vertically.
................................................. [3]

(¢) Aball drops from a height of 40 metres.
The ball travels a total distance of 200 metres.

Each time it bounces it rises to a maximum height which is a fraction of the height that it previously
dropped.

Calculate the value of this fraction.
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6  Aball drops from a height of 10 metres.

Each time it bounces it rises to a maximum height which is half the height that it previously dropped.
Time is measured in seconds.

(a) A model for the time taken until the nth bounce, 7 , is

t :m(uﬁ—w?)

no 7

—Vq

where ¢ is the fraction of the previous maximum height.

(i) Show that 7, = 17—0.

[1]

(ii) Show that the time taken until the 10th bounce is 8.0 seconds, correct to 2 significant figures.

[2]
(b) A model for 7, the total time that the ball bounces, is
710 1++/¢q
T\1—+q)
Calculate the total time that the ball bounces.
................................................. [2]

Questions 6(c) and 6(d) are printed on the next page.
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(¢) Sketch the graph of the model for 7 in part (b), for 0 < g < 1.

A
Time
(seconds)
0 —>
0 11
Fraction of the previous maximum height
[4]
2
(d) The time taken until the first bounce, 7, is also modelled by ¢, = 9—[; , where p is the initial

height that the ball drops.

(i) Find the value of ¢, when the ball is dropped from a height of 22.5m.

(ii) Change the model for the total time 7, in part (b), for the ball when it is dropped from a
height of 22.5m.
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