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Question 1 (12 marks) [BEGIN A NEW PAGE]
Marks

(a) Solve

(b) The diagram shows a cube with edge length 2 units.
H is the midpoint of the edge shown.
Using triangle AHB or otherwise, find the size of ZAHB

B

(©) (1) Write as a single fraction:

(i)  Using f'(x) = lim f(x + hg - 00

find f'(x) from first principles if f(x) =

0
(d)  Find I_3 X~/1 — x dx using the substitution u =
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Question 2 (12 marks) [BEGIN A NEW PAGE]

Marks

(a)

(b)

The region under the curve y = cos3X between X= % and X :%

1s rotated about the X-axis.

Evaluate the volume of the solid of revolution formed.

Consider f(x)=x°-2x"+x’

(1) Explain why f(X) is an even function

(i1) Factorise X' —2x”+1
(iii)  Find the three x-intercepts of f(X)

For the remainder of the question, use part (i) to save time.

(iv)  Find the coordinates of the five stationary points of f(X)

(v) Determine the nature of the stationary points

(vi)  Sketch the graph of y = f(x). Do not find points of inflexion.
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Question 3 (12 marks) [BEGIN A NEW PAGE]
Marks

(a) (1) Sketch y = (cos™' X) — % showing all important features
(i1) Differentiate y = Xcos™ X—+/1-X

1
. _ Vs
(iii)  Hence or otherwise evaluate f (cos™ X) Y dx
-1

(b) The acceleration of a particle moving along a straight path is given by

X =(In3)*x
Initially, Xx=1 and v=1In3

()  Showthatv = (In3)x

(i1) Find x as a function of t
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Question 4 (12 marks) [BEGIN A NEW PAGE]
Marks

(a) Consider f(x)=27"+1

(1) Draw a large sketch y = f(X) showing all important features
(i)  Find f'(x)

(ii1))  Using parts (i) or (i1),
accurately sketch y = f ™' (X) on the same set of axes as used in part (i)

(b) A particle is moving in a straight line and its position X is given by the equation

T . . . . o
X = cos(3t - Ej where X is the displacement in metres and t is the time in seconds.

(1) Prove that the particle is moving in Simple Harmonic Motion

(11) Sketch the displacement of the particle for the domain 0 <t< 7

showing all important features
(ii1)  How far did the particle travel in the first 7 seconds?

(iv)  The displacement is currently defined in terms of cosine.

Define the displacement in terms of sine.

(v) When is the first time that the particle is travelling at half its maximum speed?
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Question 5 (12 marks) [BEGIN A NEW PAGE]
Marks

(a)

X2 = 4ay

P(2ap, ap?)

(1) Find the gradient of the line perpendicular to OP

(11) The point A is on the X-axis. AP is parallel to the y-axis.
State the coordinates of the point A

(ii1))  Find the equation of the line through A perpendicular to OP

(iv)  Through what point does the line in (ii1) always pass?

Question 5 continues on the next page
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Question 5 (continued)
Marks

(b) Consider the points A(2,1) and B(8,4)

(1) The point 1 divides the interval AB internally in the ratio 2:1.
Find the coordinates of the point |

(1)  The point E divides the interval AB externally in the ratio 2:1.
Find the coordinates of the point E

A point P moves such that it is always twice as far from A(2,1) as it is from B(8,4).

The locus of P is the circle as shown below.

B(8,4)

A(2,1)

(ii1))  Using parts (i) and (i1) or otherwise, find the equation of the locus of P.
Your equation must be in the form where the centre and radius are easily

determined.
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Question 6 (12 marks) [BEGIN A NEW PAGE]
Marks

(a) (1) How many six letter ‘words’ can be made from the letters of the word

CHANCE?

(i1))  What is the probability that one of the words in part (i) contains the word

EACH?

(iii)  How many three letter ‘words’ can be made from the letters of the word

CHANGE?

(iv)  How many three letter ‘words’ can be made from the letters of the word

CHANCE?

11
(b) Find the simplified sixth term of the binomial expansion of (%—zij
X

(©) Prove, by mathematical induction, the formula for the sum of an arithmetic series.

i.e. Prove, by mathematical induction, that

a+[a+d]+[a+2d]+...+[a+(n—l)d]=2[2a+(n—1)d] for all integers n>1
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Question 7 (12 marks) [BEGIN A NEW PAGE]

Marks
(a) A particle moves on a curve with equation y =4+ 2tan"' (3x* +5).

dx . .

— is a finite constant.

dt

) . dy

What is the limiting value of pm as X —> o ? 2

(b)
y Freeway (Directrix)
T >

The parabola frog (Frogus projectilius) jumps with initial velocity v m/s at an angle of
projection « and its path traces a parabolic arc as shown above.

The frog’s horizontal displacement from the origin, t seconds after jumping is given by the
equation X = Vtcosa [Do not prove this].

The frog’s vertical displacement from the origin, t seconds after jumping is given by the

equation y = vtsina — %gt2 [Do not prove this].

(1) Show that the frog lands after 2vsina seconds 1

(i1) Show that the frog’s range is v sin2a metres 1

Question 7 continues on the next page
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Question 7 (continued)
Marks

. . ... VsinTa
(i11))  Show that the frog’s maximum height is ————— metres

29

tan o

(iv)  Show that the ratio of the frog’s maximum height to range is

(v) Let «,,, be the angle the frog jumps at to ensure maximum range.

Find the ratio of the frog’s maximum height to its range in this case.

(vi) Let g=10m/s’> and v=+/85m/s.

Let «,,, be the angle where the frog’s maximum height equals its range.

equal
At this angle, the frog needs a 40cm gap to squeeze between a pole and a freeway.
The top of the pole is the focus of the parabola and the freeway is the directrix.

Can the frog squeeze through?
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End of Paper

This page is blank (except for this writing)
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[ x"dx
Jldx

X
[ e dx
[ cos ax dx
[ sin ax dx
[ sec? ax dx

.[ sec ax tan ax dx

J a +X

1
—dx
J\/x2 +a’

STANDARD INTEGRALS

1
— X
n+1

n+1

, h=-1; x=#0, if n<0

=Inx, x>0

|
—sin ax, a0
a

1
——cos ax, a=0
a

1
—tanax, a=0
a

1
—secax, a=0

, a>0, —a<x<a
ln(x+\/x2—a2), Xx>a>0

ln(x+x/x2 +a2)

NOTE: Inx=1log, X, X>0
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