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General Instructions Total Marks — 70
e Reading time — 5 minutes. Pages 1-4
L 10 marks
* Working time — 2 hours. e Attempt all Questions 1-10
e Write using pencil for Questions 1-10. e Allow about 15 minutes for this section

e Write using black or blue pen for -
Questions 11-14. Black pen is preferred. Section Il | Pages 5-12

o Board approved calculators may be used. 60 marks
e Attempt Questions 11-14

e A reference sheet is provided. ] ) ]
e Allow about 1 hour 45 minutes for this section

e In Questions 11-14, show relevant
mathematical reasoning and/or calculations.
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Section |

10 marks

Attempt Questions 1-10

Allow about 15 minutes for this section.

Use the multiple choice answer sheet for Questions 1-10.

1
Not To Scale
C
\ A
B
What is the size of x?
(A) 70°
(B) 110°
(C) 125°
(D) 250°
2 Which geometric series has a limiting sum?

(A) sin%—sin2%+sin %— ........
B) sinZ + 4sin2Z +16sin % + ...
6 6 6
©) tanZ +tan?Z +tan3Z ...
4 4 4

(D) tanZ + Lan?Z y landZ, .
6 4 6



What are the domain and range for y =sin™ x ?
(A) -1<x<1; 0<y<r

(B) —%SXSE; ~1<y<1

(C) -1<x<I ——gys%

(D) 0<x<rm -1<y<1

@) (-3.)
®) (3,-4)
© (3,-1)
D) (3,2)

The roots of the polynomial P(x)=2x>-4x+1 are &, B and .
What is the value of o (a + f3)?

A 1

B) -3

(©)
(D)



Which expression is equal to J3cosx—sinx?

(A) 2cos X+
(B) 2cos X+
(C) 2cos x—2

(D) 2cos x—2

If Z—T=0-4(P—20) ,and P =60 when t=0 , which of the following

is an expression for P ?

(A) P =40+20e""
(B) P =60+ 20e""
(C) P =20+40e""
(D) P =20+60e""

Differentiate e2* cos3x with respect to x.
(A)  e™(2cos3x—3sin3x)

(B) —6e**sin3x
(C)  e**(2cos3x—sin3x)

(D) e**(2cos3x+3sin3x)



Which is the solution i < ?
X 1+2X

(A) iSXSO
2
(B) x<—£,x>0
2
©) —%<X<O

1
D) -=>x>0
(D) >

By considering the binomial expansion of (1+ x)100 -(1- x)100 :

what is the value of 100c_+100¢_ + .....+100¢_?

(A) 2100
(B) 299
(C) 21 _100
(D) 2% —100



Section 11

60 marks
Attempt Questions 11-14

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

In Questions 11 — 14, your responses should include relevant mathematical reasoning and/or
calculations.

Question 11 (15 marks) Use a Separate Booklet. Marks
(@)  Consider the function f (x) = x°+2x* ~5x 6.
() Show that x—2 is a factor of f (x). 1
(i) Hence, solve x3+2x?-5x—6>0. 2
°dx
(b) Use the substitution u =+/x to evaluate J : 3
1 X+ \/;
2 3
(©) Find the constant term in the expansion of [xz +—j : 2
X
(d) (i) Prove sin2x—tanxcos2x = tan x. 2
. 3z
(i) Hence, show that tan? =J2+1. 2

Question 11 continues on page 6



Question 11 (continued)

€)

BG is the height, h, of a balloon above the ground. From the balloon B, a dog
Is observed at D with an angle of depression of 66°, and a cat with an angle

of depression of 78°. The dog and cat are 100 metres apart.
The dog is due south of the balloon, and the bearing of the cat is 120° from the

balloon.

What is h, the height of the balloon (correct to the nearest metre)?

End of Question 11



Question 12 (15 marks) Use a Separate Booklet. Marks

(@) (i) Show that the equation x* —2x*—2 has a root « between 2 and 3. 1

(i) Use Newton’s method with the initial approximation x, =3 to find 2
the value of « correct to 3 significant figures.

(b)

The points A(7,6) and B(2,1) are 3 units and 2 units respectively from line | and 2
are on opposite sides of I.

Find the coordinates of the point where the interval AB crosses line |.

Question 12 continues on page 8



Question 12 (continued)

(©)

(d)

€)

sin3A  cos3A _ 5

Show that — =
SINA COSA

Y
A V- I
4-x°
1
2
X
) -1 1 2
v \2 v

In the diagram above the curve y = is sketched showing

4—x?
vertical asymptotes at x=-2 and x =2.

Find the exact area of the shaded region bounded by the curve,
the line x =1 and the coordinate axis.

The acceleration of a particle moving along the x axis is given by X=x-2,
where x is its displacement from the origin O after t seconds.
Initially the particle is at rest at x = 3.

(i) Show that its velocity at any position is given by v* =(x—1)(x-3).

(if) Explain, using mathematical reasoning, why the particle can never move
to the left of it’s initial position.

End of Question 12



Question 13 (15 marks) Use a Separate Booklet. Marks

(@ (i) Show that i(xtan‘lx—iln(1+ xz)jztan‘lx. 2
dx 2

(ii) Hence find the area between the curve y =tan™" x and the x-axis for 0 < x<1. 2

(b) Use mathematical induction to prove that 2" —1 is divisible 3

by 3 for all even integersn> 2.

(¢)  Therise and fall of the tide is assumed to be simple harmonic, with the time between
low and high tide being six hours.

The water depth at a harbour entrance at high and low tides are 16 metres and 10 metres
respectively.

(i) Show that the water depth, y metres, in the harbour is given by 2
nt
=13-3cos| —
! ( 6 j

where t is the number of hours after high tide.

(i)  On the morning a ship is to sail into the harbour entrance, low tide is at 8 am. 2
If the ship requires a water depth of 12 metres in which to sail, what is the
earliest time the ship can enter the harbour after 8am?

Question 13 continues on page 10



Question 13 (continued)

(d)

The circles intersect at A and B. The lines DAC, EBC, KPC and DKE are all straight lines.

(i) Copy or trace the diagram into your answer booklet.

(i)  Give areason why ZCBA=ZCPA.

(iii)  Hence or otherwise, show that PADK is a cyclic quadrilateral. 3

End of Question 13
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Question 14 (15 marks) Use a Separate Booklet. Marks

(@) A cup of hot chocolate at temperature T° Celsius cools according to the
differential equation

ar _ —k (T —R). where t is time elapsed in minutes,

dt
R the temperature of the room in degrees Celsius and Kk is a positive constant.

(i) Show thatT =R+ Ae ™, where A is a constant, is a solution 1
of the differential equation.

(if) A cup of hot chocolate which is 70°C is placed in a room with 2
temperature 20°C . After 10 minutes, the chocolate has cooled to 35°C.
Find the exact value of k.

(b)  Arrectangle is expanding in such a way that at all times it is twice as long 3
as it is wide. If its area is increasing at a rate of 18 cm?/s, find the rate at
which its perimeter is increasing at the instant its width is 2 metres.

Question 14 continues on page 12

11



Question 14 (continued)

(c)
y
N
P (2p, p)
Q (29, 9%
< > X
40, -2)

\

(i) State the equations of the normals to the parabola
x =2t, y=t? at the points P(2 P, p2) and Q(Zq,qz), where p #q.

(if) Hence, show that these normals intersect at the point R(X,Y) where

X =-pq(p+q)andY :(p+q)2—pq+2.

(iii) If the chord PQ has gradient m and passes through the point A(O,—2) find,
in terms of m, the equation of PQ and hence show that p and g are
the roots of the equation t? —2mt+2 =0.

(iv) By considering the sum and the product of the roots of this quadratic
equation, show that the point R lies on the original parabola.

(v) Find the least value for m? for which p and q are real.
Hence find the set of possible values of the y coordinate of R.

End of paper
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