St Catherine’s School

Year: 12
Subject: Extension I Mathematics
Time allowed: 2 hours

(plus 5 mins reading time)

Date:  August 2002

Exam number: _/

/
/
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Directions to candidates:

All questions are to be attempted.
All questions are of equal value.

All necessary working must be shown in every question.

Full marks may not be awarded for careless or badly arranged TEACHER’S USE ONLY
work. ) Total Marks
Approved calculators and geometrical instruments are required. A

B

Each section should be started on a new booklet.

Hand in your work in 3 bundles: C
Section A Questions 1 and 2.
Section B Questions. 3 and 4
Section C Questions. 5, 6 and 7.

TOTAL




Section A

Question 1

)

p?
dx
Use the table of standard integrals to find the exact value of
'[ V4 -x*

a)
2
b) Find ‘%bc sinv1-x 2
7
c) Evaluate Z(3n -1) ‘
n=3
1-| ‘5\ ‘*L ,)_
@ Let A be the point (-6,2) and let B be the point (4,7). Find the coordinates of the point P, which
divides the interval AB externally in the ratio 3:2.
ke 2
e) Is x—2 a factor of %3 + 3x —147 Give reason for your answer.
2 2
f) Use the substitution u=x’—1 to evaluate 3 I xvx?-1 dx
1
Question 2

f (x"‘h;‘f () (o find the derivative of
2

Let f(x)=2x"+x. Use the definition f'(x)=lim
h—0

y=f(x).

2x
b) @ Find I—i—;—dx |

d)
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: 3
ii)  Evaluate f sin’(3x) dx
0
i) Write down the expansion of tan(A+B) !
ii) Hence find the value of tan 105° in simplest surd form. 5
4
Solve for x; — 21
5- 3




Section B (Start a new booklet)
Question 3

a) Write the expansion of (2x =)’ 2
b) Find the term independent of x in the binomial expansion (x*+3)° 2
c) The function f(x)=x-—2sinx has a zero near x = 1.7. Use one application of Newton's method
to find a second approximation to the zero. Write your answer correct to three significant
figures.
g 3
d) A smooth piece of ice is projected up a smooth inclined (sloping) surface. Its distance X in
metres up the surface is at time t seconds is x =67— .
i) Find velocity, v, and acceleration, X. 4
ii In which direction is the ice moving and in which direction is acceleration whent=2
@ Use your answer from (ii) to explain whether the piece of ice is increasing in speed or
decreasing in speed when t=2.
iv) Find when and where the piece of ice is stationary.
Question 4
a) i) Given that x> +4x+13= (Jg + a)? +b?, find the values of a and b. '
( . X 1
@ Use the result of (i) to find I ——=% z
5 X*+4x+13
b) The volume, V, of a sphere of radius r mm is increasing at a constant rate of 200mm’ per
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second.

i) Find %i— when r = 50. Y

ii) Determine the rate of increase of the surface area, S of the sphere when the radius is 50
mm.

LV:%%P S=4nr2]

A particle, whose displacement is X, moves in simple harmonic motion.
Find x as a function t if: 5
% =-16x and X =~/3 and x=12 whent=0.




Section C (Start a new booklet)

Question 5
KI \jl u:. 31
a) P(2p,p*)and Q(2g,q") are two points on the parabola x* =4y. The variable chord PQ is such

b)

that it is always parallel to the line y =x.
@ Find the gradient of PQ and hence show that p+gq=2

ii) Given that the equation of the normal at P is x+ py = 2p+ p’. Write down the equation
of the normal at Q, and hence find the coordinates of the point of intersection R, of these

normals.

[ Prove that the locus of R is the straight line x—2y +12=0.

A garden sprinkler is positioned at the centre of a large, flat lawn. Water droplets are projected
from the sprinkler at a fixed speed of 20ms and at an angle, ¥, above the horizontal. The

acceleration due to gravity is 10 ms2.

1) Use integration to show that the horizontal displacement x metres and the vertical
displacement y metres of the water droplets is after time # seconds are given by
x=20tcos® and y=20tsin® —5¢ 2
ii) Show that the horizontal range, R, of the water droplets is given by R=40sin 2¢. 2

@ The garden sprinkler rotates in a circle to water the lawn. If the angle of projection varies
between 15° and 45° above the horizontal, find the exact area of that part of the lawn that

can be watered in this way. 2

Question 6

¥

b)
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The acceleration of an object is given by a= 12¢%*m/s/s. If the object leaves the origin with a
velocity of 2+/3 m/s and its velocity is always positive, find the displacement when the velocity

is 5m/s, correct to two decimal places. 4
i) Find the general solution to the equation sin2x = 2sin’x. 3
i)  Show thatif 0<x< %, then sin2x >2sin’ x >
iii) Find the area enclosed between the curves y =sin2x and y =2sin’x for 0<x < 7
3
Please turn over for question 7
3




Question 7

In a flock of 1000 chickens, the number P, infected with a disease at time t years is given by

a)
1000
= where k is a constant.
1+ ke™®
i) Show that, eventually, all the chickens will be infected.
ii) Suppose that when time ¢ = 0, exactly one chicken was infected. After how many days
will 500 chickens be infected?
b) A particle is moving in a straight line. After time, t seconds it has displacement x metre from a

2
and acceleration, @ ms . Initially

fixed point O on the line, velocity, v ms™ given by v = —

the particle is at O.

i) Find an expression for acceleration in terms of x. J
" 2 1 1 ' . . 2
ii) Show that ——=——+—— and hence find an expression for x in terms of .

1-x* 1+x 1-x

iii)  Describe the initial conditions for displacement, velocity and acceleration and hence
describe the motion of the particle, explaining whether it moves to the left or the right of

O and whether it slows down or speeds up.
iv) What is the Iimiting position of the particle ?

End of examination
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