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General Instructions

+ Reading fime — 5 minutes.

Working time — 2 hours.

Write using biue or black pen.

Board-approved calculators may be used

A tablé of standard intégrals is provided

with this paper

« Al necessary working shotild be shown in
every question

Total marks - 84

« Attempt Questions 1-7

e All questions are of equal value

« Answer each question in a separate writing
booklet

Total marks ~ 84
Attempt Questions 1-7
All questions are of equal value

Answer each question in a SEPARATE writing booklet. Extra booklets are avallable.

Question 1 (12 marks) Use a SEPARATE writing booklet.

{a) - Differentiate y=sin”'(x%).

. 30X
{b) Use the substitution z =4—x fo evaluate f R,
O V4—x

dx

2-x* '

.
(© Eveluate [

(d) Find [sin®3xdx.

ISZ
2

(e) Solve
X+

Marks




Question 2 (12 marks) Use a SEPARATE wrifing booklet. Marks
(a) Solve the equation sin26=2cos” 6 for 0<6<27. 3
2

(b)

iy  Express sinx+cosx in the form Rsin(x+a).

(i) Hence, or otherwise, skefch the graph of y=sinx+cosx, showing the endpoints, in the
- 2

domain 0<8<L 2.

Wheat runs from a holé in a silo at a constant rate and formé a conical heap whose base
radius, 7 is three fimes its height, % .

NOTTO
SCALE

After 1 minufe, the height of the heap is 20 cm. Find:
The volume of the conical heap after 1 minute. Leave your answer interms of 7.

@)

(i)  The rate at which the height of the heap Is rising after 1 minute.

Question 3 (12 marks) Use a SEPARATE writing booklat.

@)

(b)

(i}

Marks

0 NOT TO 3
<. SCALE
Ay
R
P
P and @ are points on a circle and the tanéents to the circle at Pand QOmestat S.
R is a point on the circle so that RP Is parallet fo as. (
Copy or trace the diagram into your writing booklet.
Provethat QP =0QR .
)  Find the value of kif 2x+1 is a factor of P(x)= 23 —x* +kx+1. 2
(iiy Show that when k has this value; P(x) has orily the one real root, x =—'—2-. 3
The rate at which a body cools In air is proportional to the difference between its
temperature, T and the constant temperature, P of the surreunding air. This rate can be
expressed by
ar
——=kK(T-P
= (r-r)
1

() Showthat T=P+ A where Aand kare constants, safisfies this equation.

A heated body cools from 40° to 30° in 1 hour. The air temperature around the body is

20° C. Find the temperature of the body after a further 2 hours. 3




~

™

Question 4 (12 marks) Use a SEPARATE writing booklet.

(a) When (3+x)" is written as a polynomial in x, the cosfficient of x* Is twice the

coefficient of x°. Find the value of #.

(b) Aman standing on fop of a vertical cliff throws a stone into the air at an angle & fo the
horizontal. The fop of the vertical ciiff is 175 metres above a fiat sea.

20ms™
NOT TO
SCALE

175m

I
I
|
!
i
i
|
:
!
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The angle of projection fo the horizontal is & , as shown.
Let (x, y) be the position of the stone at time £ seconds after beirig thrown.

The initial velocity of the stone is 20 ms -,

You may assume that the path of the stone where the acceleration due fo gravity Is —10 ms
is given by the parametric equations below

x=20tcos8
y=20tsingd -5 +175
(Do NOT prove these equafions.)

The angle of projection of the bullet fo the horizontal, & is 30°.

(i)  Find the time it takes for the stone to hit thé water.

(i)  Find the speed at which the stone hits the water.

A particle moves on a ling so that its distance from the origin at fime seconds is x cm. lts
accelerafion is given by

(©

g
4% 10x-25°

(iy Ifits velocity is v and the particle changes direction 1 &m to the right of the origin,
find v* in terms of x.

4

(i) Explain why the particle can never reach the origin.

-2

:

Question 5 {12 marks) Use a SEPARATE writing booklet.

ta

@ x =8y

NOT TO
SCALE

Consider the variable point P(4p,2p2) on the parabola x* =8y.

()  Prove that the equation of the normal at P is x+py =2p° +4p.

(i)  Find the coordinates of the point R , where the normal at P intersects the y—axis.

(it} M of the midpeint of PR, find the equation of the locus of 3 in Cartesian form.

{b) Use mathematical induction fo prove that for all integers n= 1,2,3,.....

(c) The thres roots of the polynomial equation x° ~3px*+2gx—r=0 forman
arithmetic series.

Prove that »=2p(g—p%).

Marks




Question & (12 marks) Use a SEPARATE wiiting booklet.

@ O

(b)

(i)

(i)

)

v)

Marks

Sketch the graph of the funcfion f(x) =x~1 in the domain 0 <x <2, clearly showing

the coordinates of any points of intersection with the axes. 1
On the same diagram sketch the graph of the inverse function f ~(x), showing the
coordinates of any points of intersection with the axes. 2
Explain why the x— coordinéfe of any point of intersection of the graphs y = f(x) and
- y=fF(x) satisfies the equation »* —x~1=0. 1
Show that the equation x* —x—1=0 has a root between x=1 and x=2. 2
Taking x=1.5 as the first approximation to the root, use one application of Newton's
3

method to find a better approximation to the root, correct to 3 significant figures.

: n
The coefficient of x*in (1+x)" where n is a posiiive integer is denoted as (]J .

Prove that Uj +2(Z)+3(Z]+ S -1)[7:1) =n(2" -1) 3

Question 7 (12 marks) Use a SEPARATE wiiting booklet.

(®)

(B

Marlgs

Solve the equation (n +£)2—5(n +£)+6: 0. 2
n n
(i) Show that the function y = ex _e_“ has no stationary points. 3
e +e”
(if)  Prove that the lines y =31 are asympfotes. 2
(iiij Sketch the curve. 1
(iv) ¥ kis a positive constant, show that the area in the first quadrant anclosed by the above (
curve and the lines y=1, x=0 and x=£k Is given by

Area = k—In(e* +¢™*)+In2 2

(v) Prove that for all positive values of &, this area is always less than fog,2. 2

END OF PAPER
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