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Answer both parts A and B.

A INVESTIGATION (QUESTIONS 1 to 6)
SQUARE ROOTS WITHIN SQUARE ROOTS (20 marks)
You are advised to spend no more than 45 minutes on this part.
This investigation looks at sequences of terms with square roots.
You can form a sequence by using square roots within square roots.

V6 V6116, V66116, V6+ e+ 6+ e,

You can calculate the first four terms of this sequence as follows.

V6 = 24494
V6+76 = V6124494 <X RAAOE. =.-2.9068.....
V6+V6+6 = /6129068 4"=  YBO068.. =.2.9844....

¢ 6+V6+V6+vV6 /6129844 4= /39844,
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1 (a) Calculate the next term of the sequence, writing the decimal as far as the 4th decimal place.

(b) As the sequence continues, the terms get closer and closer to an integer.
This integer is the integer limit of the sequence.

Write down the integer limit of this sequence.
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2 Here is a similar sequence of square roots.
V30, 304730, V30+/30+v30, V30+v30+V30+30

(a) Calculate the first three terms, writing each decimal as far as the 4th decimal place.

(b) Write down the integer limit of this sequence.
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3 (a) Complete this table for similar sequences.

First term

Integer limit

82335

(b) (i) Use part (a) to find the first term of the sequence that has an integer limit of 8.

(ii) Calculate the 4th term of the sequence in part (b)(i).

© UCLES 2019

Give your answer correct to 4 decimal places.
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4  The general sequenceis vk, Vk+vVk, Vk+Vk+Vk, \/k+ Vi+vVk+Vk
So, when x is one of the terms, the next term is vk+x .
The sequence reaches its limit, x, when one term equals the next term. That is, when x = vk+x .

(a) Make £ the subject of the equation x = vk+x .

(b) Use part (a) to check that the sequence below has a limit, x, equal to 7.

Va2, V42+V42, Va2+V4a2+V42, \/42+V42+V42+m,

5  You will find the following information useful in this question.

_ —b+b*—4ac

For the equation ax> +bx+c¢ =0, x= 2a

The limit of V3, v3++v3, V3+V3++V3, \/3+V3+\/3+«/§, ... is not an integer.

Find the exact value of this limit.
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6  Here is another type of sequence.

V3. 5V, sediavs. Vs sy, Vst i3evsevineas.

(a) The limit of this sequence is an integer, x.

By calculating some terms of this sequence, find x.

(b) The general form of this sequence is
Va, Va+vb, Va+Vb+a, \/a+\/b+va+ﬁ,

where a and b are positive integers and a # b.

The sequence has a limit, x, when x =vVa++vb+x .

Show that this equation can be written as x* —a = Vb +x .
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(¢) (i) Use your answer to part (a) to show that the equation x*—a=+b+x is correct for this
sequence.

V5, V5+413, V5+V13+45, \/5+\/13+¢5+¢1_3, \/5+¢13+\/5+V13+¢§,

(ii) There are other pairs of positive integers, a and b, where a # b, such that the sequence
Va, Ya+vb, Va+vVb+va, \/a+\/b+\/a+\/z , ... has the same limit as in part (a).

Find all these pairs of positive integers.
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B MODELLING (QUESTIONS 7 to 9)
MAKING CONES (20 marks)

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

4 N

You may find some of these formulas useful.
Circumference, C, of a circle of radius r. C=2nr
Volume, V, of cone of radius r, height 4. V= %nrzh
Curved surface area, 4, of cone of radius r, sloping edge /. A=T1rl
- /

This task looks at modelling the volume of a cone, which is made from a circular disc.
In this part lengths are given in centimetres and angles in degrees.

Raj makes a cone from a circular disc of radius 18.

He cuts out part of the circular disc, leaving the shaded sector with sector angle x.
He joins the two radii of 18 together.

The cone that he makes has base radius » and height 4.

////

e N NOT TO

7  (a) Show that the arc length of the shaded sector is %

(b) This arc length forms the circumference of the base of the cone.

Find 7 in terms of x.
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2
_ . X
() Show that h=1/324— 7= .

(d) (i) Show that a model for the volume, V, of this cone, is

2
_ 2,/ X
V'=10.0026x"1/ 324 200

(ii) Use part (i) to find the volume of the cone if Raj uses a semicircle of radius 18.
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10

(e) Sketch the graph of the model for 0 <x < 360.

VA

360

(f) For the cone with maximum volume, find
(i) the angle, x,
(ii) the maximum volume, V,

(iii) the curved surface area.
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8 Rajdecides that he can make two cones from his circular disc. el -~
_ . NOTTO
One comes from the sector with sector angle x. 18 ) SCALE
The other comes from the remaining sector with sector angle y. 18
(a) Write down a formula for y in terms of x.

(b)

(©)

(d)

The total volume of the two cones is

2 2
_ 2 X 2 _rY
V =0.0026x"1/ 324 00+ 0.0026y°4/ 324 300 -

Use your answer to part (a) to write down, in terms of x, a model for the total volume of the two cones.

Sketch the graph of this model.

VA

2700 —

2500

\

Find the two angles, x, that give the maximum total volume for the two cones.

Question 9 is printed on the next page.
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9 Instead of the circular disc of radius 18, Raj now uses a disc of radius 36 to make one cone with the
maximum volume.

Find

(a) the volume of this cone,

(b) the angle that gives this volume.
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