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Section I

10 marks

Attempt Questions 1 - 10

Allow about 15 minutes for this section

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

1. Consider a = 8i + 2j.

Which of the following vectors is parallel to a?

A 120 +4j
B. 4i+ j
C. 6i+ ]
D. 2i+ j

2. Which of the following represents f % ?
A, cos™? (1x_o +C
B. sin!(Z)+c
C. cos! (1:70 +C
D. sin™? (13:70 +C
3. A group of 9 people are to be arranged into two groups to sit around two circular

tables. One of the groups must contain 5 people.

In how many ways can they sit around the two tables?

A. 36288
B. 90720
C. 362880

D. 144
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Section I continued

4. The graph of the function y = f(x) is shown below.
Yy

0 x
y=f(x)
(1:_2)
The graph of f(x) was transformed to get the graph of g(x) as shown below.
V)
(_ 1 3 1) (1 ) ]-)
y=2g(x)
-
O X

What transformation was applied?

A g =f(-x)
B. 9()=If(=IxDI
C g =Jf(-x)
D. [g()]*=—f(x)
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Section I continued
5. Students from seven different schools are eligible for the district netball training squad.

What is the minimum number of students in the training squad if it is known that there

must be at least 3 students in the training squad from at least one of the schools?

A. 14
B. 15
C. 21
D. 22
6. If y = e?* cos™*(3x), which of the following is the correct expression for Z—z?
3
A e [2 cos 1(3x) + —]
V1 —9x2
382x
B. 2e*cos 1(3x) - ——
V1 —9x2
3
C. e** [2 cos 1(3x) — —]
V1 —3x2
362x
D. 2e%*cos '(3x) + ——
V1 — 3x2
7. Which of the following is an expression for fob sin2x sin3x dx ?

A Cos 5b cosb

10 2
. cosbb N cosb
' 10 2
C sin5bh sinb
' 10 2

sin5b sinb

10+2
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Section I continued

. . . . . T s
8. Which expression is equivalent to sin (Z — x) cos ( i x)?
1
A.  —sin2
> Sin2x
B. 2cos2x
C ! 2
. 5C082x
1
D. 2 sin ( i Zx)
9.  Consider the vectors p =sin34 { —cos34j and ¢ = cosA i + sindj,

where A4 is a constant such that 0 < A < %.

<|

If the scalar projection of p onto q is 73 which of the following

represents p?

A p=0L-]

10. What is the domain and range of the function f(x) = tan (tan™1x) — x?

A.  Domain: (—o0, ©) and Range: [0,0]

B. Domain: (—OO, OO) and Range: (_ %’ g)

C. Domain: (—1,1) and Range: (_E E)

2’2

D. Domain: (—o, ©) and Range: (—oo, o)

End of Section I
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Section 11

60 marks

Attempt Questions 11 - 15

Allow about 1 hour and 45 minutes for this section

In Questions 11-15, your responses should include relevant mathematical reasoning and/or

calculations

Question 11 (14 marks)

(a) Solve the inequality:
x+3

x—1

6
(b) Find the constant term in the expansion of (x2 + 3) :

(c) Use the substitution u = x — 2 to show that

f; 2xVx — 2dx = 12185ﬁ.

(d) (i) Expresscos@ ++/3sin6 interms of £ where t = tang :

(i) Hence, solve the equation:

cos@ ++3sinf =1for 0 <6 < 2m.

(e) Consider the polynomial P(x) = 2x3 — 3ax + 4b3, wherea # b # 0.

This polynomial has x = 2 as a root of multiplicity 2.

Find the values of a and b.

Marks

2
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Question 12 (13 marks) Use a SEPARATE writing booklet. Marks
(a) The graphsofy = f(x) and y = g(x) are represented below, 3

where f(x) is a cosine function and g(x) is a sine function.
Itis given that f(x) + g(x) = Rcos(x —6), where 0 < 0 < %

Find R and 6, where @ is in radians.

yA

4

3 y=9x)

2
DRAWN

Vi 7 TO
1 SCALE
—X

-1

-2

-3

—4

o . sin 0
(b) Can we use mathematical induction to prove that tan 6 = p— ? 1

Justify your answer.

(c) The triangle PQR, shown below, has two sides of fixed length: PQ = 20 cm and 3
QR = 15cm.

s
£PQR = 6, which is increasing at a rate of p radians/hour.

Find the exact rate at which the area of the triangle is changing at the time when

T
9—5. P

15 cm R
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Question 12 continued

d @® Show that % (cos2 0 ) = —sin 26. 1

(ii) Hence, or otherwise, show that 2

ftan20 cos 20 df = —cos? 6 + c.

(e)  Use mathematical induction to prove that 4?™ — 1 is divisible by 3 for all 3

integersn > 1.
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Question 13 (12 marks) Use a SEPARATE writing booklet. Marks
(a) Aballis kicked with velocity 20 m/s at an angle of 45° to the ground and its
displacement at time t seconds is given by the following equation:
© 20t . (=52 4 ZOt) )
rt)=—i+ (- — '
r > L 2 ]~ (Do NOT prove this.)
(i)  Find the maximum height reached by the ball. 2
(i)  Find what time the ball lands on the ground. 1
(b) Prove the following statement using mathematical induction. 3
_pn+1
r+r2 3=l 1r_r — 1 for integer values of n > 1.
(c) Acurve is defined parametrically by x = cost, y = cos?t. 3
Find the exact area enclosed by this curve, for 0 < t < %, above the x-axis.
4 2
d = =
(d) Letu [8] and v [2] 3

Find the component of u perpendicular to v.
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Question 14 (12 marks) Use a SEPARATE writing booklet. Marks
(a) A carton of milk is removed from a fridge and placed on a table. 3

The temperature of this carton of milk after ¢ minutes is given by the following
equation:

T(t) = P + Ae**

The temperature in the fridge is 3°C, and the temperature in the room is 24°C.
After sitting on the table for five minutes, the temperature of the milk is 15°C.
Find the total number of minutes that the milk can be left on the table before it
reaches a temperature of 20°C.

Give your answer to the nearest whole number.

(b) Itisgiven that 3
3tanf — tan® 0

tan36 =
an 1—3tan20

By letting x = tan 6, find all the distinct solutions of the following equation.
x3—3x*=3x+1=0

(c) Athree-dimensional shape is modelled by rotating the region between 3

the curve y = Inx and the line y = E for 0 <y <1, about the y axis.

VA

X =3/

1 T/

=Inx
3 5 4"
| | |
Find the exact volume of the shape.
(d) Given thatsin™'p + cos™!p = g, solve the following equation: 3
T
2sin"'(1—x) —cos '(x—1) = s

(Leave your answer in exact form)
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Question 15 (9 marks) Use a SEPARATE writing booklet. Marks
(a) ABCDEF is aregular hexagon with centre O.
04 = g
0B=bh
0C = ¢
M is the midpoint of BC and AO is parallel to BC.
AB is extended to point X, such that AB : BX = 3: 2.
A B X
(Not to scale)
()  Show that OM = Q—%g. 1
(i) Prove that BX = g(g -a). 1

(iii) Hence or otherwise, justify that E, M and X lie on the same straight line. 3
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Question 15 continued

(b) Two projectiles A and B are launched simultaneously at t = 0.
At some point after launch, the two projectiles collide.

Projectile A is launched upwards towards the right, from ground level and has an
initial velocity(in m/s) of u, = 10i + 10j.

Projectile B is launched upwards towards the left, from a ledge 15 m above the
ground and 30 m horizontally away from where Projectile A is launched.

Projectile B has an initial velocity(in m/s) of ug = —5i + 2.5j.

It is given that:
ry(t) = 10ti + (—4.9t% + 101)j. (Do NOT prove this)

rg(t) = (=5t + 30)i + (—4.9t? + 2.5t + 15)j. (Do NOT prove this)
Let acceleration due to gravity be #,(t) = #5(t) = 0i — 9.8j

Assume there is no air resistance.

(i) Find the time when the two projectiles collide. 1
(ii) Find the coordinates of the point of collision. 1
(iii) Find the speed of Projectile A4 at the point of collision. 2

Leave your answer correct to 3 significant figures.

END OF EXAMINATION
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Q NO. SOLUTIONS

1. Two vectors a and b are parallel if b = /19, where A is a constant.
8i +2j = 2(4i + )) so, the vectors 8i + 2j and 4i + j must be parallel.
Hence, the correct option is B.

f dx 2
V100-x2 °

From the reference sheet

J f(x) dx = sin_l%+c
a’ - [f(;c)]2

a=10 and f(x) =x
Since RHS = sin™! (M) +c
a

. . X
Therefore, the answer is: sin™! (ﬁ) +c

Hence, the correct option is B.

3. Initially the group must be divided into a group of 5 and a group of 4. There
are ( : ) ways of selecting a group of 5, leaving a corresponding group of 4.

So, there will be ( : ) = 126 ways of dividing the group into a group of 5 and a

group of 4.

The group of 5 can be arranged around a circular table in 4! = 24 ways and the
group of 4 can be arranged around a circular table in 3! = 6 ways.

The two groups can arrange themselves around the 2 tables in 2 different ways.
Therefore, the total number of arrangements possible will be 126 X 24 X 6 X 2 =
36288

Hence, the correct option is A.

4. If the graph represents the graph of y = f(|x|), we delete everything to the left of
the y —axis and replace it by duplicating everything to the right of the y —axis.
However, the best answer has y = f(—|x|), which involves deleting everything to

the right of the y —axis and replacing it by duplicating everything to the left of the
y —axis. Since this section of the graph is not negative as everything lies above the x-

axis then g(x) = |f(—|x|)| when applied does not produce any further change.

You can also substitute appropriate values to verify the correct transformation .




2xX7+1=15

Explanation: With fourteen students in the training squad, we could have two from
each of the seven schools, so no school with 3 or more students in the squad. As
soon as we add one more student at least one school must have at least three
students in the squad.

Hence, the correct option is B.

Using the product rule:
dy

d d
L — __(p2x -1 2x -1
I dx (e**)cos™'(3x) + e déc [cos™1(3x)]

= 2e** cos™1(3x) + e?* X ———.
J1—(3x)2

Hence, the correct option is B.

b
J sin2x sin3xdx
0

1 b
= Ej cos(2x — 3x) — cos (2x + 3x)dx
0

1 b
= —j cos (—x) — cosbx dx
2Jo

As cos(—x) = cos x, then

1 b
=—f Ccos X — cosbx dx

2 Jy
_1[_ 1 : ]b
=3 sinx 5sm X .
1 b sin5b 0
—2(51n z )
__sin5b sinb

10 2

Hence, the correct option is D.




sin (% - x) cos (% - x)

Using compound angle formula, we get:

_1_2(7'[ )_1_(7‘[ 2)_1 7
—zsm 2 X —Zsm > X _ZCOS X.
Hence, the correct option is C.
Alternative method
. T . T mw .
sin (— - x) = sin—co0s x — cos —sinx
4 4 4

cosXx sinx

V2 V2
s T LT,
cos (Z - x) = COs - Cosx + sin—sinx

cosXx sinx

—Vz V2
So, sin G — x) cos G — x)
- (-2 ()

cos?x  sin?x

2 2

1 . 1
= E(cos2 x —sin®x) = > cos 2x

Hence, the correct option is C.

The scalar projection, [, of p onto g, is

[ = p-q __ sin34cosA—cos34sind

T ql Vv cos21 + sin2A

Note: cos?2 + sin?A = 1 and
sin 31 cosA — cos 34 sind = sin( 31— 1) = sin 2A.

So, £ = sin 2A. Also, we are given that £ = g, this indicates that sin 24 = ?

This means 24 = g,z?n, ... that is,

A=22 .butas0<i1< ™
6’3 4
This shows that only 4 = % is valid. Now, by substituting 1 = % into p,
. . T . . .
we get p = sin —L—cos — | =i—0j
So,p=1i-— OJ'.
Heﬁce, the correct option is D.

10.

The domain of y = tan"'x and y = —x is (—o0, ).
So, the domain of f(x) = tan (tan™1x) — x is

also (—o0, ©). Now, as tan (tan !x) = x then
f(x) =tan(tan™'x) —x =x—x =0

Therefore, the range of is [0,0]

Hence, the correct option is A.
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