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1 (a) Find the equation of the normal to the curve at the origin. [3]𝑦 = 𝑡𝑎𝑛( 𝑥
2 − π)

(b) A particle moves along the curve. When , is decreasing at a rate of .𝑥 = π
3 𝑦 π 𝑢𝑛𝑖𝑡𝑠/𝑠

Find the rate of change of at this instant. [3]𝑥
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2 Show that the curve and the line will never(𝑚 − 1)𝑥2 − 2𝑦2 = 𝑚𝑥𝑦 + 1 𝑦 = 𝑚𝑥 + 1
intersect for all values of . [5]𝑚
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3 (a) Given that and , express in terms of in the simplest𝑙𝑜𝑔
3
𝑝 = 𝑞 𝑙𝑜𝑔

3
𝑞 = 𝑟 𝑙𝑜𝑔

27
(𝑝𝑞6) 𝑟

form. [4]

(b) Solve . [5]𝑙𝑔(𝑥2 + 1) + 𝑙𝑛(𝑥2 + 1) = 𝑒
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4 (a) Explain why all the powers of in the binomial expansion of are odd. [3]𝑥 (2𝑥 − 1
𝑎𝑥 )9

(b) Find the range of values of such that the term independent of in the expansion of𝑎 𝑥

+ has a positive coefficient. [5]( 𝑎

𝑥7
1

𝑥5 )(2𝑥 − 1
𝑎𝑥 )9
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5 For the function , where is a constant, the remainder𝑓(𝑥) = 𝑝𝑥3 + 𝑝2𝑥2 + 18𝑥 − 54 𝑝
when is divided by is the same as when it is divided by .𝑓(𝑥) 𝑥 − 1 𝑥 + 2

(a) Find the possible values of [3]𝑝.
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(b) Given further that is divisible by , find . [3]𝑓(𝑥) 𝑥 + 6 𝑓(𝑥)
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6

(a) The variables and are connected by the equation𝑥 𝑦 23𝑥 − 𝑚𝑥 = (𝑛𝑥 − 𝑦)3

where and are constants. The diagram shows the straight line graph𝑚 𝑛

obtained by plotting against , of which and are𝑦
𝑥 2𝑥𝑥

− 2
3 (2,  6. 5) (64, − 9)

points on. Find the values of and and hence express in terms of . [6]𝑚 𝑛 𝑦 𝑥
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(b) and are connected by the equation Explain how a straight line graph𝑉 𝑡 𝑉 = 𝐴𝑒𝑘𝑡+1.
may be drawn using given values of and and how the values of and may be𝑉 𝑡 𝐴 𝑘
found using the straight line graph. [4]
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7 A particle moves in a straight line such that its velocity, , at time seconds for a few𝑣 𝑚/𝑠 𝑡

seconds is given by the equation , where is a negative constant.𝑣 =− 2
𝑝𝑡 + 3 𝑝

(a) Express the particle’s acceleration in terms of and . Explain what the expression𝑝 𝑡
says about the particle’s movement. Show all workings. [3]

(b) (i) Express the particle’s displacement from a fixed point in terms of and ,𝑂 𝑝 𝑡
with as an arbitrary constant of integration. [1]𝑐

(ii) The particle starts with a displacement of metres from . Given now𝑙𝑛 243 𝑂
that , find . [1]𝑐 = 0 𝑝
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(c) Using your value of obtained in part b(ii),𝑝

(i) find the time at which the particle crosses [2]𝑂,

(ii) show that the particle does not change directions from to , [2]𝑡 = 0 𝑡 = 7

(iii) find the distance travelled by the particle in the first 7 seconds. [2]
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8 (a) Show that . [5]𝑐𝑜𝑠𝑒𝑐2(67. 5°) = 4 − 2 2

(b) Showing your workings fully, find the exact value of . [2]7𝑐𝑜𝑡[𝑠𝑖𝑛−1(− 35
37 )]
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(c) Solve , where . [5]5𝑠𝑖𝑛2𝐴 + 𝑐𝑜𝑠𝐴 = 2𝑠𝑖𝑛(90° − 2𝐴) − π
2 ≤ 𝐴 ≤ π

2
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9

A cylinder of diameter is inscribed in and is to be cut out of a plastic sphere of𝑦 𝑐𝑚
diameter .16 𝑐𝑚

(a) After the cylinder is cut out, there will be some waste remains from the
sphere. Show that the volume, V, of these remains can be expressed as

(𝑉 = π 2048
3 − 256𝑦4−𝑦6

4 )
[4]
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(b) Given that can vary, find the optimal volume of the cylinder to be cut out such that𝑦
minimal waste is produced. Explain why the value you obtain is optimal. [7]
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10

A cylindrical barrel rests on its side on the floor against a wall. These are represented in the
diagram above by the circle , the -axis and the -axis respectively. A straight rod is𝐶

1
𝑥 𝑦

situated on the side of the cylinder such that it lies in the same plane as and can be𝐶
1

represented by the line The barrel has a cross-sectional area of𝐿
1
. 100π 𝑐𝑚2.

(a) Find the equation of . [2]𝐶
1
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(b) Find the angle at which the rod is lifted off the floor at. [4]

(c) Find the equation of . [2]𝐿
1
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(d) Find the exact coordinates of the point on that is the furthest away from the𝐶
1

origin . [4]𝑂

END OF PAPER
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