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Questions in this section are multiple-choice.
Record the single best answer for each question on the provided answer sheet.

1. Given that there are 2000 employees in a company, which of the following represents
the least number of employees that must share the same birthday?

(A
(B
(C
(D

) 3
) 4
)5
) 6

2. What is the amplitude of y = sinz — cos z?
(A) —v2
(B) 1
(€) v2

(D) 2

3. Which of the following equations corresponds to the graph shown below?

Yy
o
:
; G
& 4 4
2
(A) y = zsin(z +7)
(B) y = zsin(z — %)
(C) y=zcos(z — %)
(D) y = zcos(z + %)
9
4. Given that sinf = R and 6 is obtuse, which of the fractions shown below is equivalent
to sin 2607
720
T
81
B) ———
(B) 1681
81
(€) 1681
720
D) —=
1681
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1—x7?

tan—!

da
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5. Which of the following expressions is equal to

8
_
i
8
~ _
3 —
0
A
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3
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S~— S~—

6. Which of the following slope fields corresponds to the differential equation ¢y =y — z7

(B)

(A)

o
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7. Given that ¢ = 27 —3j and b = —41 + j, which of the following expressions represents

the unit vector in the direction of @ + b7

8. Which equation below is the general solution to x + yy’ = 0, where C is an arbitrary
constant and y # 07

(A) y=—-£+C
B) y=—%+C
(C) y=+VC +a?
(D) y = £/C — 22

4
9. Which of the following expressions is / - ( In x)S dz?
x

(A) (lnx)4 +C
(B) 42*lnz + C

10. Which differential equation below does not represent a form of the logistic equation?

@ =5 (1~ 1)

1 dN __ N
AN 49 N

)

B) %G

(© 4= V3 (N~ (%))
)

i _ N (g N

End of Section 1

The paper continues in the next section
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Section II

This section consists of long-answer questions.

Marks may be awarded for reasoning and calculations.
Marks may be lost for poor setting out or poor logic.
Start each question in a new booklet.

QUESTION ELEVEN (15 marks) Start a new answer booklet.

(a) (i) Find the values of a and b if 2* + 42 — 21 = (z + a)? — b.

(ii) Hence find /

V21 — 4z — [E2
(b) Let f(z) = (2® 4+ k)(2z + 3) + 3, where k is a constant.
(i) Write down the remainder when f(x) is divided by (2z + 3).

(ii) Given that the remainder when f(x) is divided by (x —2) is 24, prove that k = —

(iii) Hence factorise f(z) completely.

(c) A school play requires at least two boys and exactly twice as many girls as boys. If four
boys and six girls audition, how many different casts can be formed?

(d) Find the coefficient of z* in the expansion of (1 + 3z)*(1 — x)°.

> 2x—3
VI —Sx—i—

(e) Use the substitution u = 2% —3z+1 to evaluate . Give your answer

as an exact value.

][]

[=] (o] []
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QUESTION TWELVE (15 marks) Start a new answer booklet.

(a) Let f(x) = cos™' . Sketch the graphs of the following, clearly showing intercepts and
endpoints. Your graphs should be on separate number planes and be about one-third
of a page each.

(i) y = f(z)
(i) [yl = f(l=[)

(b) The graph below has y-intercepts a and b and is defined by the parametric equations
r=3tanf and y = 1 — 3sech.

y!

R\f

(i) Find the Cartesian equation of the graph.

(ii) Hence, or otherwise, find the values of a and b.

(c) At time ¢t = 0, a football is kicked and leaves the ground with speed 20m/s at an angle
of projection of 30° to the horizontal. Assume that upwards and to the right are positive
and that the magnitude of acceleration due to gravity is 10 m/s?.

(1) If the initial velocity is given by the vector V = ai +bj, find the values of @ and b.
(ii) How high is the ball above the ground when it has travelled 5v/3 metres
horizontally?

(iii) What is the exact speed of the ball, and the angle of the ball’s velocity to the
horizontal, when t = 1.587

(d) Let @ = Xi +37 and b = 67 — 2j. The length of the projection of a onto b is 3v/10.
Find the possible values of .

(=] [=]

] o]
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QUESTION THIRTEEN (15 marks) Start a new answer booklet.

(a) Find the exact volume of revolution when the region bounded by the curve y = cosz
and the z-axis, between x = 7 and z = %, is rotated about the r-axis.

(b) A spherical water purification tablet is added to a tank of water. After ¢ hours, the
tablet is a sphere with radius » mm, surface area A mm? and volume V mm?®. The tablet
dissolves with a rate of change of volume directly proportional to its surface area, such
that

av
dt

where k; is a positive constant. Let V[, be the volume at ¢t = 0.

= _klAa

You may assume the formulaec V = 37r% and A = 4mr?.

W=

2
3

d
(i) Show that v —koV

g , where ko = k(367)°.

d 2
(ii) Solve d_‘t/ = —koV'? to obtain V in terms of ¢, ky and Vj.

(iii) In six hours g of the volume of the tablet has dissolved. Express ks in terms of V.

(iv) How long, to the nearest minute, does it take for 99% of the volume of the tablet
to dissolve?

(c) The diagram below shows the regular hexagon ABCDEF. Let AB = a and BC = b.
Interval BD intersects AC' at P where ﬁ = )\1@ .

C D

1S

1

A F
(i) Express the ratio |ﬁ| ; |P?| in terms of A.

(ii) Find an expression for ﬁ in terms of a, b and A.

(iii) Use vector methods and the fact that ABCDEF is a regular hexagon, to express
B? in terms of ¢ and b.

(iv) Hence use vector methods to find the exact value of .

—7-

23]
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QUESTION FOURTEEN (15 marks) Start a new answer booklet.

(a) A drone flies over a city at a constant altitude of 800m and velocity of 108km/h.
A soldier on the ground waits until the drone is directly above her before firing a bullet
that leaves the gun at a speed of 300 m/s. You may assume that the magnitude of the
acceleration due to gravity is 10m/s?.

(i) At what angle to the horizontal must she fire the bullet in order to hit the drone?

(ii) How high above the ground must the drone be so that it is too high to shoot down?

(b) The rate of change of a tadpole population is given by the differential equation

dP P

where P is the number of tadpoles after ¢ days, and r and k are positive constants.
Initially, the pond is home to F, tadpoles.

(i) Show that the tadpole population is increasing when 0 < P < k.

(ii) Solve the differential equation to find P as a function of ¢.

N k Ll
ou may assume ————— = — ———
Y Pk—P) P k-P

(iii) Find tlim P, which is the maximum number of tadpoles that the pond can support.
—00

(iv) Find an expression for the time when the rate of change of population is greatest.

(¢) Consider the sequence T,, = sin(z + (n — 1)y) for integers n > 1.
Use mathematical induction to show that, for n > 1,

sin(z + 3(n — 1)y) sin(iny)

Ty +To+Ts+ ..+ T, = —
sin 5y

END OF PAPER
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