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Section 1

1. The diagram below shows the parallelogram OABC' with 0_121 = g and O? =c.

C B
O a A
Which expressions correctly represent the diagonals O? and 1@ ?

(A) O?:Q—gand@:g/—l—g

(B) O?:g—g/andzﬁzg—l—g
(C) O?:ng,gand@:Q—g
(D) OB=g+cand AC=c—a

d
2. Given y = sin™! (e2®), what is d—y ?

X
2e2x

V1 — et

€2x

N
2621

V14 et

262x

edr — 1

(A)
(B)
(©)

(D)
3. Which of the following is the correct expression for the coefficient of 22 in the expansion

of (4x +5)7?

(A) 2Cs x 43 x 5% x 23

(B) 9C6 x 4% x 53 x 23

(C) 2Cg x 43 x 5°

U)) 96% x 46 x 53
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4. When a fish market has a supply of x kilograms of salmon available for sale on a given
x

day, it charges y dollars per kilogram according to the equation y = 32 — 8tan~! 100" If

the daily supply is decreasing at a rate of 5 kilograms per day, at what rate is the price

changing when the supply is 100 kilograms?
(A) decreasing at $0.04 per day

(B) decreasing at $0.20 per day
(C) increasing at $0.04 per day

(D) increasing at $0.20 per day

5. In how many ways can the letters of the word SASSAFRAS be arranged in a line if the
letters F and R must be adjacent?

(A) oo
B) o
©
o) oa

6. The function f(z) has an inverse function, f~!(z). Which of the following is always a
correct expression for the inverse of y = f(3z)?

@ 1)

(B) f'(3z)
L.
© /@
(D) 3f7H(x)
7. Which expression is not equivalent to / sinx cosxdx?
cos’
(a) -2
.2
(B) SII12 T .
©) _cos(2x)+c
4
(D) _cosé?x) e
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8. Which of the following statements is always true, given that u # Q and p # Q7

10.

(A) If projgg = projg(—g), then u - p = 0.
(B) If proj,u = u, then u = p.

(C) If projgg = projgw, then u = w.

(D) If projgg = projiy, then p = ¢.

Consider the range, time of flight, and maximum height of a projectile. Which of these
quantities will not change if the initial vertical velocity of the projectile is fixed, but the
initial horizontal velocity is allowed to vary?

(A) maximum height only

(B) time of flight only

(C) maximum height and time of flight
(

D) range and maximum height

If f(x) =Inz, which of the following best describes the equation of the graph below?
Yo
1 T
1
A = ——
W
1
B) y=—=
) v=

(©) Iyl =V f(2)
(D) y=+/f(z)

End of Section 1

The paper continues in the next section

—4—
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Section 11

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) For the vectors u = [_12} and v = B] , calculate each of the following.

(i) u—>5y
(i) u-v

(b) Expand and simplify (x — 2)3.

(c) Solve

4<9
7 =9

(d) Consider the polynomial P(z) = 2z® — 72? — 12z + 45.

(i) Show that z = 3 is a zero with multiplicity of at least two.
(ii) Hence, find the third zero of P(z).

(e) Write down the domain and range of y = 2 cos™ <§>

f) Use the substitution u = z + 6 to find [ z (z + 6)° dx.
()

The paper continues on the next page
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QUESTION TWELVE (15 marks) Start a new answer booklet.

(a) (i) Express sina — /3 cosz in the form Rsin(z — ), where R > 0 and 0 < a <

bo| 3

(ii) Hence, solve sinx — V3cosx =2 for 0 <z <.

dx
4+ 322

2
(b) Evaluate /
0

(c) Prove by mathematical induction that 32" — 1 is divisible by 8 for all integers n > 1.

(d) The diagram below shows the position vectors OA = [\35] and OB = [22 3]. The
point X is the foot of the perpendicular from A to OB.

B

@)

Find 07 by calculating the projection of 0—121 onto O? :

o] ][] [

N
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(e) Consider the differential equation % = — (22 — 1) (y — 1) and its slope field, which has
x
been graphed below.

Y
\ - 72 s - \
NN — - = NN
e
/s =~ N~ = -
PR Sy
VAN NI )
I/ — N N =
I =\ =

(i) By referring to the slope field for the differential equation, explain why a solution
could not have the graph shown below.

(ii) Find the particular solution of the differential equation that passes through the
point (0, 2).

The paper continues on the next page
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QUESTION THIRTEEN (15 marks) Start a new answer booklet.

(a) The points O, A, and B form an equilateral triangle and the points B, P, @, and R
form a trapezium, as shown in the diagram below. The points O, P, and @) are collinear,

1
ﬁ =3 O_1>4, and Cﬁ = )\1@ for some constant \.

O B

Let(jzl:gand(ﬁ:g

(i) Show that a - b = % la|”.

(ii) Write down expressions for E and O@ in terms of a, b, and \.

(iii) Given that AB is perpendicular to Oﬁ, find the value of A.

][]
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(b) The diagram below shows the graph of the function f(z) = " _sin T for
mr+1 mr+1

x > 0. The shaded region R is bounded by the graph of y = f(z), the z-axis, and the

vertical line x = k, where k£ > 0.

Y

k

(i) Show that the volume V' of the solid generated when R is rotated about the z-axis
can be found by evaluating the integral:

3 k 1 2
V:W—/—Z{l—cos( T )}dx
2 0 (71'1'—{—1) Tx +1

T | . 2 22k
to show that V = 1 [sm (wk—l— 1) + . 1].

(ii) Use the substitution u =
mx + 1

(iii) What does the volume V' approach as k — oo ?

1 1 k
(¢) (i) Prove that 5 cot § — 5 tan f = cot 260, where 0 # ; for any integer k.

(ii) Hence, use mathematical induction to prove that, for all positive integers n,

1 T 1 x 1 €T 1 €T 1 T
5tan<§)+§tan <§>+§tan <§>+---+2—ntan<2—n> :2—ncot (2—n> —cotx

where z # km for any integer k.

The paper continues on the next page
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QUESTION FOURTEEN (15 marks) Start a new answer booklet.

(a) As part of avalanche control programs, small explosives are fired into mountainsides. An
explosive is fired upwards along a mountainside that has a gradient of 0.6. The explosive
is launched with an initial speed of vms~! at an angle of a to the horizontal, and hits
the mountainside at the point of impact P, as shown in the diagram below.

Y

The position of the projectile after ¢ seconds is given by

vt Cos & ‘
L= [vt Sin o — 5t2} Do NOT prove this.
(i) Show that the Cartesian equation of the path of the projectile is given by

5z,
Yy = xrtana — —- sec” .
02

(ii) Show that the horizontal distance of P, in metres, from the point of projection is

1
given by 51)2 cos? a (tan a — 0.6).
(iii) Given that the path of the explosive is perpendicular to the mountainside at the
point of impact, show that the angle of projection is approximately 71°, correct to

the nearest degree.

(iv) Hence, determine the impact speed as a percentage of the initial speed. Give your
answer correct to the nearest percent.

—10—
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(b) (i)

(i)

Trial Examination August 2025

dx
The differential equation - kx, where k is a constant, has initial condition
x = xg when t = 0.

Show that = = xoe*! satisfies the differential equation and the initial condition.

The rate at which new Wikipedia articles are written can be modelled by the
differential equation:

dN 7.2
— =0.17Nln | —
7 0.17 n(N),

where N is the number of Wikipedia articles in millions, and ¢ is the number of
years after the launch of Wikipedia at the beginning of January 2001.

(o) Find any constant solutions of the differential equation.

Counsider the substitution v = In (%) .

(B) Initially, at the beginning of January 2001, there were 3600 Wikipedia articles.
That is, N = 0.0036 when t = 0. Show that the initial value of u, correct to
two significant figures, is uy = 7.6.

(7) Use the given substitution to find the solution of the differential equation N ()
that satisfies the initial condition.

END OF PAPER

~11-—
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