Question 9 (55 marks)

The diagram below shows the first 4 steps of an infinite pattern which creates the Sierpinski
Triangle. The sequence begins with a black equilateral triangle. Each step is formed by removing
an equilateral triangle from the centre of each black triangle in the previous step, as shown. Each
equilateral triangle that is removed is formed by joining the midpoints of the sides of a black
triangle from the previous step.
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(a) The table below shows the number of black triangles at each of the first 4 steps and the
fraction of the original triangle remaining at each step. Complete the table.

Step 0 1 2 3
Number of black triangles 1
Fraction of the original 1 9
triangle remaining 16

(b) (i) Write an expression in terms of n for the number of black triangles in step n of the
pattern.

(i)  Step kis the first step of the pattern in which the number of black triangles exceeds
one thousand million (i.e. 1 X 10°) for the first time. Find the value of k.
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(c) (i) Step his the first step of the pattern in which the fraction of the original triangle
remaining is less than Flo of the original triangle. Find the value of h.

(ii) What fraction of the original triangle remains after an infinite number of steps of the
pattern?
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(d) (i) The side length of the triangle in Step 0 is 1 unit. The table below shows the total

perimeter of all the black triangles in each of the first 5 steps.
Complete the table below.

Step 0 1 2 3 4
_ 27
Perimeter 3 v

(ii) Find the total perimeter of the black triangles in step 35 of the pattern.
Give your answer correct to the nearest unit.

(iii)

Use your answers to part (c)(ii) and part (d)(ii) to comment on the total area and the
total perimeter of the black triangles in step n of the pattern, as n tends to infinity.

Area:

Perimeter:
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