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1  The function f is defined by f:x+>2—(x+1), xell , x<k.

(i) Determine the largest value of k for which the function f™' exists. 1]
With this value of &,
(ii) find ' in a similar form. [3]

(iii) show algebraically that the x-coordinate of the point of intersection of the curves
y=f(x)and y=f"'(x) satisfies the equation x*+3x-1=0 and find the value of this

x-coordinate, correct to 3 decimal places. [2]

2 The region enclosed by the curve y=e"sinx where OSxS% , the x-axis and the line x=% is
denoted by 4. Find the exact area of 4. (4]

. . . . 1
Find the volume of revolution when the region bounded by the curves y =e*sinx, y=x+x" + §x3

and the line x = % is rotated completely about the x-axis. [2]

3 For a curve with equation x” +3xy+ )’ =3, find

(i) the coordinates of the point at which the tangent is parallel to the x-axis, [4]

(ii) the equation(s) of the normal(s) at x = —1. (4]

4  The complex number z satisfies the relation ‘z -1+ \/gl‘ <2.

Ilustrate, on an Argand diagram, the locus of points representing the complex number z. [2]

(i) Find the greatest possible value of arg (z + 3\/§i). [3]
(ii) Find the range of values of 0, where 0< 6 < %, such that there exists a complex number w

which satisfies the relations arg(w+3\/§i):9 and arg(w*+2)=6, where w* is the

conjugate of w. (4]
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5 A company requires a box made of cardboard of negligible thickness to hold 300 cm’® of powder

when full. The top and the base of the box are made up of six identical isosceles triangles. The two
identical sides of the isosceles triangle are of length ax cm, where a is a constant and a > % , and the

remaining side is of length x cm. The height of the box is y cm (see diagram).

X

ax ax

S

(i) Use differentiation to find, in terms of a, the value of x which gives a minimum surface area of

the box. [7]

(ii) Show that, in this case, Y3 2a-1 . Hence find the range of by [3]
X 2a+1 X

6 In a bid to analyse the path of an insect, an entomologist decides to fit a mathematical model for the
path of the insect. The insect’s path was observed for 20 seconds. The path travelled by the insect

measured with respect to the origin in the horizontal and vertical directions, at time ¢ seconds, is

denoted by the variables x and y respectively. It is given that when =0, x =1,y =0 and dx =2.The

dr
) ) ) . dy e’ d’x
variables are related by the differential equations —+y = and — =e".
dt t-30 dt
(i) Using the substitution w= ye’, find y in terms of ¢. [5]
(ii) Find x in terms of ¢. [5]
(iii) Sketch the path travelled by the insect. 2]
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7 The complex number z is given by 7 =4+ 43 :
(i) Find z in exact cartesian form x + iy , showing your workings clearly. (4]
(ii) Given that (w/”‘)3 =z, where w* is the conjugate of w, find w in the form e’ [4]

(iii) The point representing the complex number v is obtained by a counter clockwise rotation of the

point representing z’ through one right angle about the point (0, 1) on the Argand diagram. By

considering z* =1, find v in the form x + iy. [3]

8 (a) A sequence u,u,,us,,... is defined by u, =cosx and

n(n+1)(u, —um)=2nsin%sin(n+%jx+cosnx for nell”

where x is a constant.
Prove by the method of mathematical induction that

_ cosnx

n

for nell™. [6]
n

4N

& 0 . o .
(b) (i) Show that é gl cos% where N is a positive integer, can be written as
n o

n=1

1" €1y
4 2]

n

(i) Use your result in b(i) and the series expansion of In(1+ x) in MF15 to deduce the exact

value of

é g—cos—%. [3]
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9  The lines /; and /; meet at the point P. The line /5 is coplanar with /; and /; and is perpendicular to /;.

Given that /; and /, are parallel to the vectors a and b respectively, show that /5 is parallel to the

vector b — a:) a. 3]
[l
3 11 3 17
The equations of /; and /; are now knowntobe r =| =5 [+¢| 10 | and r =| =5 |+5| 3 | respectively,
2 2 2 4

where s and 7 are real parameters. Find the equation of the line /5, given that /5 also passes through P.

2]

10 -3

The line /4 has equation r =| =3 |+u| 4 |, where u is a real parameter. Determine if /3 and /4 are
1 -1

skew or intersecting. [3]

The line /s is perpendicular to both /3 and /. Find the acute angle between /s and the plane containing

ll and lz . [5]

10 A curve C has parametric equations x =1 + cos 8 and y =2 sin 6, where 0 < <.

(i) Show that the equation of the tangent to C at the point with parameter 6 is

y =2(—xcotd+cotd+cosech). [3]

(ii) The points P and Q on C have parameters € = 5?7[ and % respectively. The tangent at P meets

the tangent at Q at the point R. Find the y-coordinate of R. [3]
(iii) The area of the region bounded by the tangent at P, the tangent at Q and the x-axis is denoted
by A and the area of the region bounded by C and the x-axis is denoted by B. Find the exact
value of the difference of 4 and B. [8]

———— END OF PAPER ————
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