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Answer both parts A and B.
A INVESTIGATION POSITION OF SECURITY CAMERAS (20 marks)
You are advised to spend no more than 45 minutes on this part.

Houses are built around squares.
Security cameras give a clear view for a distance of one side of a square in any direction.

On the diagrams a cross represents a security camera.

One square needs a minimum of 2 cameras to view all four sides.

X-- - ----X
1
| Two squares, in a row, need a minimum of 3 cameras as shown.

f

—

-«- - -

This investigation looks at the minimum number of security cameras for squares in different arrangements.

1 (a) (i) Three squares in one row need a minimum of 4 cameras.
Draw 4 crosses on the diagram to show the positions of the cameras.

(ii) Four squares in one row need a minimum of 5 cameras.
Draw 5 crosses on the diagram to show the positions of the cameras.

(iii) Draw crosses on the diagram to show the positions of the minimum number of cameras for five
squares in one row.

(b) Find an expression, in terms of #, for the minimum number of cameras for » squares in one row.
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2 There are now three rows of squares.

(a) (i) What is the minimum number of cameras needed when there is 1 square in each of three rows?
Draw crosses on the diagram to show the positions of these cameras.

MINIMUITL = oot aaaaaaaees

(ii) Two squares in each of three rows need a minimum of 6 cameras.
Draw crosses on the diagram to show the positions of these cameras.

Minimum = 6

(iii) Draw crosses on the diagram to show the positions of the minimum number of cameras for 3
squares in each of three rows.

MINIMUITI = oo e eaeeenaeees

(b) Find an expression, in terms of 7, for the minimum number of cameras for n squares in each of three
rows.
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3 There are now five rows of squares.

Find the minimum number of cameras for 2 and 3 squares in each of five rows.

MINIMUIN = oo aaaeeeaees

MINIIMUITL = oo e e e e e e e eeaeeeeeeeeas
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4 (a) Complete the table to show the minimum number of cameras for an odd number of rows.

Number of squares in each row
1 square 2 squares 3 squares 4 squares 5 squares l n squares
One row 2 3 4 5
Three rows 6
Five rows 6
Seven rows 8

(b) Find an expression for the minimum number of cameras for n squares in each of » rows, when r is an
odd number.

(¢) For an odd number of rows, the minimum number of cameras is 16.
Find all the possible numbers of squares in each row.
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5 Now consider even numbers of rows with an even number of squares in each row.

X
X X  Two rows, each with two squares, need a minimum of 4 cameras.
X
X X
X X X Two rows, each with four squares, need a minimum
of 7 cameras.
X X

(a) Find the minimum number of cameras for 6 and 8 squares in each of two rows.

MINIMUIT = cooiiiiiiiiie e aaaaaeeees

MINIIMUITL = oot eeeeee e e e e e e eeaaeeeeeeeeas

(b) Find an expression for the minimum number of cameras for two rows each with »n squares, when 7 is
even.
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(a) Complete the table to show the minimum number of cameras for even numbers of rows each with an
even number of squares.

Number of squares in each row

2 squares 4 squares 6 squares 8 squares ! n squares
Two rows 4 7
Four rows 7 12
Six rows 10 24
Eight rows 13 40

(b) Find an expression for the minimum number of cameras when the number of rows, 7 and the number
of squares in each row, n, are both even numbers.
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B MODELLING

You are advised to spend no more than 45 minutes on this part.

In an experiment a biologist recorded the number of bacteria in a dish at the end of each day for 5 days.

The table shows the results.

8

BACTERIA (20 marks)

Time in days (x)

1

2

3

4

Number of bacteria ()

120

170

250

370

530

1 (a) On the grid below, plot the five points and join them to form a smooth curve.

"A

600

500

400

300

200

100
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2 (a) Which of the following models best fits the relationship between x and n?

n=pqg* n=px2+q n=px+gq

(b) Use the number of bacteria for day 3 and day 4 with your model to find a value for g.

(c) Find the value of p that corresponds to the value for ¢ in part (b).

(d) (i) Rewrite your model substituting your values for p and 4.

Use your model to estimate the number of bacteria at the end of the seventh day.

(ii) Use your model to estimate the number of bacteria at the start of the experiment.
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3 In this question log n represents log,, n.

10

(a) Complete the table of values, giving log n correct to 3 significant figures.

Time in days (x) 1 2 3 4 5
Number of bacteria () 120 170 250 370 530
log n () 2.08

(b) Find the mean value of x and the mean value of y.

Mean value of x

Mean value of y

(¢) On the grid below, plot y against x and draw a line of best fit.

7A
3

25

1.5

0.5
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(d) The equation of the line of best fitis y=mx +c.

(i) Estimate the value of ¢ from your graph.

(ii) Find the value of m.

(e¢) Another model for the number of bacteria, n, is log n = mx + c.
Rewrite this model substituting your values for m and c.

Use this model to estimate the number of bacteria at the end of the seventh day.

() Use this model to estimate the number of bacteria at the start of the experiment.

Question 4 is printed on the next page.
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4  Compare the models in question 2(d)(i) and question 3(e).
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