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A calculator is not to be used in answering this question.

By considering W= z° —z or otherwise, solve

7' —27°-27+32-10=0 where ze[ ,

leaving the roots in exact form.

[4]

With reference to the origin O, two points A and B have position vectors @ and b respectively.
The points O, A and B are not collinear. The point P divides AB in the ratio AP:PB=3:2.1t

is given that a is a unit vector, OB =4, angle AOB =§ and the foot of the perpendicular from P

to the line passing through points O and A is F . Show that OF = Ja, where A is a constant to be

determined.

[5]

John decided to embark on a 100-day skipping exercise challenge. The duration of his skipping
exercise each day, in seconds, follows an arithmetic progression for the odd days, and another
arithmetic progression for the even days.

Day Duration (s)
Day 1 20
Day 2 20
Day 3 29
Day 4 30
Day 5 38
Day 6 40
Day 7 47
Day 8 50
Day 9 56
Day 10 60

(i)  Find the duration of the skipping exercise that he does on the 75" day.

(i)  Find the total duration of the skipping exercise that he does for the first 75 days.

[2]
[3]

(iii) After the 75™ day, John thinks that the workout is too strenuous so he decides to modify the
workout such that he does 80% of the previous day’s duration. Find the duration of the
skipping exercise that he does on the 100" day.

(iv) Comment on the practicality of this modification.
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(i) Shovvthatr(r-%l):aé[r(r-+1)(r4—2)—(r-—1)r(r-+1)]. [1]

(i)  Hence, using the method of difference, find the sum 1x2+2x3+3x4+---+n ( n+ 1) . [3]

(ili) Prove by mathematical induction that
lx2x3+2x3x4+3x4x5+~44ﬂn+1xn+2):in(n+0(n+2ﬂn+3y [4]

(iv) Based on the results in parts (ii) and (iii), write a reasonable conjecture for the sum of the

series Zn:r(r+1)(r+2)(r+3). [1]

r=1

Sequence U is defined by the following recurrence relation,

u=1Lu

n

» =%un+l forallneZ".

Sequence V is defined by v, =u, -2 forall neZ".

(i)  Find the recurrence relation between v, , and Vv, . Hence show that the sequence V is a

. . . .1
geometric progression with common ratio 5 [3]
(if)  Find the limit of the sequence V and that of the sequence U when n — . [3]
(iii)  Find the sum to infinity of the sequence V . [1]

(iv) Find the sum of the first n terms of the sequence U .

Hence show that its sum to infinity does not exist. [3]

The equations of three planes p,, p, and p, are
X+2y+4z=7
2X+5y+77=8
X+ay+3z=hb

respectively, where a and b are constants.

(i)  Find the acute angle between p, and p,. [2]

The planes p, and p, meet in the line I.

(if)  Find a vector equation for |. [2]

The plane p, contains the point (1, 1,1). The three planes, p,, p, and p,, have no point in

common.
(iii) Find the values of a and b. [3]
(iv) Find the distance between | and p;,. [2]
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1
It is given that f(X)=——-.
8 () 1+ X+ X
(i)  Write down f'(x). [1]
(i)  Find the binomial expansion of f(X), up to and including the term in X*. [3]
(iii) Hence, or otherwise, find the Maclaurin series for %+ sin (3X) , up to and including
1+ X-+X

the term in X°.[You may refer to the List of Formulae (MF15)]. [2]

(iv) Give a reason why the use of your answer in part (ii) to give an approximate value for

| ;f(x) dx is not valid. 2]

A
v

/

(i)  An open water tank, y metres long, is in the form of an inverted prism so that its cross-
section is an equilateral triangle, X metres on each side, as shown in the figure above. The
tank is made of material of negligible thickness and its volume is 10m’. Show that the total

external surface area of the water tank, A, is

A V3 o . 80 V3 '
2 3X
Use differentiation to find the value of X that will require the least amount of material.

[4]
(i) It is given that y=5. The water tank is initially empty and water is being pumped in at a

1 : . .
constant rate of 3 m’/s. At time t seconds, the depth of the water in the tank is h metres.

Find the rate at which the depth is increasing at the instant when the depth is 1 m. [4]
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10

11

The curve C has parametric equations
X =t +t, y=t>—t, where -2, t, 2.

(1) Find dy in terms of t. What can be said about the tangents to C as t > —% and t > %? [3]

dx
(if)  Sketch C, showing clearly the features of the curve at the points where t = -2, —%,% and 2.
[3]
(ili) The normal to the curve at the point P where t =1 meets C again at the point Q. Use a non-
calculator method to find the coordinates of Q. [4]
(iv) Find a cartesian equation of C. [2]

The curve C has equation y =——.
X" +1

(i)  Find the exact area of the region bounded by the curve C, the x —axis and the line X=1.

[3]
The region bounded by the curve C, the y —axis and the line y =4 is rotated through 27 radians
about the X —axis.
(i)  Using the substitution X =tan @, show that the volume, V , of the solid generated is obtained

b
by V = prn— qnja sin’ @ d@ where a,b, p and q are constants to be determined exactly.

[5]

(ili) Hence, evaluate V exactly. [3]

The functions fand g are defined as follows
2

X +a
f:X—
X

g:x—>e'+1  for xell,

for xell, x>0,

where O<a<1.

(i)  Sketch the graph of y=f (x), indicating the equations of asymptotes and the coordinates of

turning points, if any. [4]
(i)  Show that the composite function fg exists, and define fg in a similar form. [4]
(iii) Find the range of fg. [3]

(iv) If the domain of fis further restricted to 0 < X,, K, state the greatest value of k, for which the
function f' exists. Find (X) and state the domain of f'. [5]

— THE END —
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