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Class: 12MTX
Teacher:

CHERRYBROOK TECHNOLOGY HIGH SCHOOL

2009 AP4

MATHEMATICS EXTENSION 1

Time allowed - 2 HOURS
(Plus 5 minutes' reading time)

DIRECTIONS TO CANDIDATES:
» Attemnpt all questions.
» All questions are of equal value.

» Each question is to be commenced on a new page clearly marked
Question 1, Question 2, etc on the top of the page. **

» All necessary working should be shown in every question. Full marks
may not be awarded for careless or badly arranged work.

> Approved calculators may be used. Standard Integral Tables are provided
» Your solutions will be collected in one bundle stapled in the top left corner.
Please arrange them in order, Q110 7.

~*Each page must show your name and your class. **



Question1 (12 Marks) Marks

(a) P(-2,3)and Q (6, 1) are two points in the number plane.
Find the coordinates of the point R that divides the interval PQ

internally in the ratio 3:2. 2
(b) Find the limiting sum of the geometric series
e e Y e Y
+ + [ ) F o 2
e+1 e+1 e+1
. . 4 . .
(c) Solve the inequality = <3 and graph your solution on a number line 3
-x
(d) The equation x* +2x” +3x+6=0 has o, f and ¥ as its roots.
. 1 1 1
Find the value of —+—+—. 2
a By
1‘ .
€  Find  SOH 1
x—=>0 2x
) Find the acute angle between the lines: x - NE) y+1=0 2
and y=x-4.

Give your answer correct to the nearest degree.
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Question2 (12 Marks ) START A NEW PAGE Marks

(a) The points P(Zap, apz) and Q( 2aq,aq’ ) lie on the parabola x* = 4ay

I
x* =4ay
P(2ap, apz)
NOT TO SCALE
4 Q 2ag.09") .
(0,-2a) x
A J
()  Given the gradient of the chord PQis 22 | show that the
equation of PQis 2y =(p +q)x — 2apq . 1

(ii)  The point joining P and Q passes through the point (0,—2a).
Show that pg =2. 1
(iii)  The normals to the parabola x* =4ay at points P(2ap,ap®) and
0(2aq,aq”) intersect at K. The coordinates of K are
(—~apq(p+q), a(p* +¢* + pg +2)). Do not prove this.

Prove that the locus of X is the parabola x* =4ay . 2

Question 2 continues on the page 3............
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Question 2 continued.......... Marks

(b) A, B, C, D and E are points on a circle such that ZDEC = ZECD .

AAB

C
E
D
1) Give a reason why ZCED = ZEBD. 1
(if)  Show that ABGF is a cyclic quadrilateral. 3

{(c) A tower CX is observed at an angle of elevation of 14" from a point A
on level ground. The same tower is observed from B, 1 km from A,
with an angle of elevation of 17°. ZACB =120°. C is the base of the tower.
(1) Draw a diagram showing this information. 1
(ii)  Calculate A, the height of the tower CX. Give your answer

correct to the nearest metre. 3
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Question 3 (12 Marks ) START A NEW PAGE Marks

(a)  Consider graph of the function 4(x) = f’;z
(1) Find the equation of any asymptotes. 2

(i)  Show why A(x) has no turning points.
(iii)  Sketch A(x) showing any asymptotes and intercepts. 2

(b) A polynomial P(x)of degree three, has zerosat x =1, x=~1 and x=2,
and a remainder of 16 when divided by (x-3).
Find P(x), expressing it in the form P(x)= P,x* + Bx* + Bx+ P, 2

(c) The area bounded by the x axis and the part of the curve y = sin x
from x = 0 to x = 7 is rotated about the x axis to form a solid.

Find the exact volume of the solid. 2
3

(d)  Using the substitution x = x*, find j dx . 2

X
1+ x®

Question 4 (12 Marks ) START A NEW PAGE

(a)  Consider the function f(x)=(x +2)* -9, -2<x<2.

()  Find the equation of the inverse function f'(x). 1
(ii}  On the same diagram, sketch the graphs of y = f(x)
and y = f'(x), showing clearly the coordinates of the

endpoints and the intercepts on the axes. 3
b) (i)  State the domain and range of y = cos™ 5% 2
( geof y 3
(i)  Hence sketch the graph of y =cos™ (5—;j 1
3
(c) Evaluate jz ————1n exact form. 2
¢ J9-4x?

(d) Consider the function f{x) =2 tan™'x + sin™ (log, x) wherex = 0.
Find f 7x). ‘ 2
: : : _ 3
(e) Find the general solution of the equation cos x = -

Express your answer in terms of . 1
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Question 5 (12 Marks ) START A NEW PAGE Marks

(a)

(b)

(©)

(d

z
()  Showthat ¥ = i("—} 1
| 2

(i)  The velocity, vms™ of a particle moving in a straight line is

given by v = 25— x*, where x is the displacement in metres from O.
Show that the accelerationis ¥ =—x. 1

When x ¢m from the origin, the acceleration of a particle moving
in a straight line is given by:

P s
dr’ (x + 2)3
It has an initial velocity of 2 ¢m/s at x=0. If the velocity is V cm/s,

find ¥ in terms of x. 2

A particle is moving in simple harmonic motion in a straight line.
At time ¢ seconds, it has displacement x metres from a fixed point O in the line,

velocity X ms™ given by % = —12sin(2¢ + —;;) and acceleration X ms™.

Initially the particle is 5 metres to the right of O.
) Show that ¥ = —4(x - 2). 1
(ii) Find the period and the extremities of the motion. 2

(i)  Find the time taken by the particle to return to its starting point ,
for the first time. 1

A rock is hurled from the top of a 15m cliff with an initial velocity of 26ms™

at an angle of projection equal to tan™ [%) above the horizontal.

The cliff overlooks a flat paddock.

The equations of motion of the stone are X =0 and j=-10
(1) Taking the origin as the base of the cliff, show the components of
the rock’s displacement are x =24t and y=-5t>+10t+15 . 2

(i)  Calculate the time until impact with the paddock, and the distance

of the point of impact from the base of the cliff. -2




Question 6 (12 Marks ) START A NEW PAGE Marks

(a) Prove by Mathematical Induction that,
(n) +(n+1)* +(n+2) is divisible by 9 for all positive whole numbers #. 3

(b) Three consecutive coefficients in the expansion of (1 + x)" are in the ratio 6:3:1.
(1) Find the value of n. 4
(1)  State which terms have their coefficients in the ratio 6:3:1. 1

(c) Let n and m be positive integers with m <n<2m+ 1.

Lashye
1) Show that (1+x)"™" (1+—)" = — 1
x
(iiy By applying the binomial theorem to part (i) and equating the
coefficient of x, find a simpler expression for
"RCTCy + T, TCH+ T TC A + "7"C, L, "Co 3
Question 7 ( 12 Marks) START A NEW PAGE
(a) The equation f(x) = Vx +x+1++/x+2 -5 hasaroota between
x=1-5and x=2.
Find the interval in which « lies by applying halving the interval twice. 1
(b) A spherical bubble is expanding so that its volume is increasing at the
constant rate of 10 mm® /5. What is the rate of increase of the radius
when the surface area is S00 mm” ? 2
(¢}  After ¢ hours, the number of individuals in a population is given by
N =500 400"
(i) Sketch the graph of NV as a function of ¢, showing clearly the initial
population size and the limiting population size. 2
(i)  Show that % = 0.1(500-N). 1
(iii)  Find the population size for which the rate of growth of the population
is half the initial rate of growth. 1

Question 7 continues on the page 7..........




Question 7 continued.........

(d)  The diagram below shows the graph of y =log, x and the secant joining

points P and Q on the curve. Pisatx =1 and Qis at x=1+L.

n
y=log,x
Ay Q
|
|
|
|
< L ' >
! 1+ x
n
NOT TO SCALE
v
i) Show that the gradient of the secant is 1 log, (1 + Lj . 1
¥ H
. d 1 lim Yo
(1)  Use —log, x=— to show that 1+—| =e". 3
, dx x n-—w n
(iii)  Use part (ii) to determine an expression for the effective annual rate
of interest when an annual rate of 6% p.a. is compounded continually,
that is, compounded an infinite number of times per year. 1

END OF EXAMINATION
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STANDARD INTEGRALS

n 1 .
dex =——x""n#t-1;x20,if n<0
n+1
1
—dx =lnx, x>0
x
Je e
e“dx =—e™, a#0
a
1 .
Icosaxdx =—sinax, a# 0
a
Isinaxdx =-lcosax, a#(
a
jseczaxdx, :ltanax, a#0
a

i
jsecaxtanaxdx =—secax, a#0

a
1 | R
s =L azo
a’ +x a a
1 . X
I—dx =sin"—, a>0, —a<x<a
Va® —x? a

J.—Z—L—za’x =In(x+vx?-a?), x>a>0

X —4a

J.—-——l—dx =In(x++vx* +a%)

NOTE : Inx =log, x, x>0
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