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A sequence u,, u,, us, ... is such that u, | = Au, +Bn+C, where n > 1 and 4, B and C are
constants. It is given that u, = 8, u, =22, u; = 49 and u, = 102.

Find the value of u,. (4]

An athlete is running in an ultramarathon race. The distance travelled by the athlete is modelled by
the following.

*  Inthe first 15 minutes she runs a distance of 2.5 km.

*  Insubsequent 15-minute time intervals she runs 95% of the distance she ran in the previous
15-minute time interval.

(@) According to the model, find the distance she runs between 1 hour and 1 hour 15 minutes after
the start. (1]

The total distance of this ultramarathon is 52 km.
(b) According to the model, find the 15-minute time interval in which the athlete will reach the

half-way point. (3]

(¢) According to the model, determine whether she will complete the ultramarathon, and hence
explain whether the model is suitable. (3]

Relative to the origin O, the distinct points 4, B, C and D have position vectors a, b, ¢ and
d respectively.

(a) Ttis given that (a—b) x (a—c) = 0. State the relationship between the points 4, B and C,
justifying your answer. [2]

It is given that b is a unit_vector.

(b) Give a geometrical interpretation of [b.(c—d)|. 0
2 P

It is also given that a =|—3|, b =| ¢ |, where p and g are constants, and that O4 is perpendicular
4 q

to OB.

(c¢) Find the possible values of p and g. [4]
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(a) Use the substitution y = vx to show that the differential equation
d
xzay = y2 +xy
reduces to
dv _ >
x5 =v".
dx
(3]
(b) Hence find the general solution of the differential equation
d
xzay = y2 +xy.
Give your answer in the form y = f(x), where f(x) is a function to be determined. [3]
Do not use a calculator in answering this question.
Find the complex numbers z and w which satisfy these simultaneous equations.
2z+ 71 =—iw
z—4=w—4
Give your answers in the form a+ib, where a and b are real numbers. [5]
(a) Solve the inequality szl <3—2x. [4]
(b) Hence solve exactly the inequality smeﬁ < 3-2sin6, for 0 < 6 < 2m. [3]
(a) Differentiate ¢“** with respect to x. 2]
>
(b) Hence, find the exact value of 12 e sin4x dx. [5]
e
9758/01/0/N/26
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952
8 (a) A curve C hasequation y = T 1"

Find the set of values that y can not take.

2
(b) A curve D has equation y = 42); _+ll !
32
(i) Express y = 42’\){ jll in the form y = ax+b+ Ec—_l’ where a, b and ¢ are constants.

Hence write down the equations of the asymptotes of D.

(i) Describe a sequence of two transformations that transforms the graph of y = x+ le_ I
onto D.

0 Ttis given that f(x) = In(a+asinx) for —%n <x< %n, where a is a positive constant.

(@) Show that f"'(x) = TII;—ilTx’ where £ is a constant to be found.

(b) By further differentiation of the result in 9(a), find the Maclaurin series for f(x), up to and
including the term in x°.

(c) Itis now given that a = 2.

1.2
(i) Use the series found in 9(b) to find an approximate value of f(x)dx, giving your answer
0

to 2 decimal places.
12
(ii) Use a calculator to evaluate f f(x)dx, giving your answer to 2 decimal places.
0

(iii) Explain why your answers to 9(c)(i) and 9(c)(ii) are different.

9758/01/0/N/26
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.. 10 The function f(x) is defined by f:x — Pl xe R,r xsm.

(a) Explain why 3 is the greatest value of m for which the inverse function f~' exists. [1]

For the remainder of the question, m = 3.

(d) Find f ~(x) and state its domain [3]
(©) Solve the inequality f(f—l (x)> 1. [3]

The function g(x) is defined by g:x —» n+vVx—4, x€R, x>4 and n € R.
(d). Find the smallest value of n for the composite function f = g(x) to exist.

Justify your answer. (2]

11 The parametric equations of a curve C are '
x =260+sin26, y = 2sin6 for 0 < 6 < 27.

The graph of C meets the x-axis at the origin and the point Q. The graph of C crosses the x-axis at the

point P.
(a) Sketch the graph of C and determine the exact coordinates of P and Q. [4]
(b) (i) Show that b = lsec 6 [4]
e 2 )
(ii) Hence explain why the graph of C has no stationary points. [1]

(iii) The tangent to C at the point where 6 = %n cuts the x-axis and the y-axis at the points R and
S respectively. Find the distance RS. [5]

Question 12 is printed on the next page.
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12 A mining company has identified a mineral layer below ground. The mining company intends to drill
down to the mineral layer.

The ground is modelled as a plane with equation z = 0, with respect to an origin O.

The mineral layer is modelled as part of a plane that contains the points A(10, 15, —60), B(5, 8, —40)
and C(—S5, 10, —50) where the units are metres.

(a) Find a cartesian equation of the plane containing 4, B and C. [5]
(b) Find the acute angle between the ground and the mineral layer. [2]
The mining company plans to drill vertically from the point P(—17, 188, 0) on the ground to reach the
mineral layer.

(¢) Find the vertical distance from P to the plane containing the mineral layer. [2]

(d) Find the shortest distance from P to the plane containing the mineral layer. [6]
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