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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 for Questions 1-10 

 1. What	is	the	scalar	product	of	197
∼
− 4:

∼
− 6<

∼
	and	37

∼
+ 8:

∼
− 7<

∼
							

A. 	66	

B. 67	

C. 76	

D. 77	
	
2. 																																	and																									,	which	of	the	following	vectors	is	parallel	to	!"JJJJJ⃗ 	?																			

	
A. 			

	
B. 			

	
C. 	

	
D. 			

	 	

MNJJJJJ⃗ 	= P−2	1	1 Q MRJJJJJ⃗ = P 1−2	1 Q 

P−11	0 Q 

P−11	1 Q 

P11	0Q 

P−1−1	1 Q 
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3. With	a	suitable	substitution																																										can	be	expressed	as:	

A. 		

B. 		

C. 		

D.    

 

4. 	For	any	two	complex	numbers	Z"	and	Z#	which	of	the	following	inequalities	is	always	true?	
A. |Z" − Z#|	≥ 	 |Z"| + |Z#|	
B. |Z" + Z#|	≤ 	 |Z"| − |Z#|	
C. |Z" −	Z#| ≤ 	 _|Z"| − |Z#|_		
D. |Z" +	Z#| ≥ 	 _|Z"| − |Z#|_		

	 	

` tan$ a sec% a 	ba
&
'

(

 

 

` 	(	d$ + d))	bd√'

(

 

 

` 	(d% + d+)	bd#

"

 

 

` 	d'(	d# − 1)#	bd√'

(

 

 

` 	(	d$ + d))	bd#

"
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5. &(()	is	continuous,	differentiable,	and	integrable	over	its	domain.					
	
	

Evaluate	
			
A. h = 1 

B. h = 2 

C. h = 5 

D. h = 6 

	
6. Which	of	the	following	functions	does	NOT	describe	simple	harmonic	motion		

A. 4 sin# l + 3 cos 2l		

B. 		

C. 5 sin 4l + 12 cos 4l − 3		

D. 	3 sin 5l − 2 cos 3l		

	 	

` 	m(a) cos a 	ba = 2,				m(0) = −1,			and		m no2p = 3
&
#

(

 

h = ` m, (a)	sin a ba			
&
#

(

 

3 sin n3l + o6p − 2 cos n3l − o3	p	
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7. 	

 

  

 

 

 

 

 

 

 

 

 

 

A	3D	shape	is	formed	by	placing	two	right	prisms	side	by	side,	as	shown	in	the	diagram.	One	prism	has	

a	square	base	!"DE	and	the	other	has	a	regular	hexagonal	base	EDGHIJ.	Both	prisms	have	the	same	

height,	and	all	base	edges	have	the	same	length.	

	

Which	of	the	following	represents	MIJJJJJ⃗  

 

A. 	MIJJJJJ⃗ = 	 !"JJJJJ⃗ − !N	JJJJJ⃗ + NqJJJJJ⃗ − JEJJJJJ⃗ + JI	JJJJJJ⃗  

B. MIJJJJJ⃗ = 	 MOJJJJJ⃗ + OP	JJJJ⃗ + GHJJJ⃗ − IHJJJJ⃗      

C. MIJJJJJ⃗ = 	 !EJJJJJ⃗ + JI	JJJJJJ⃗ − NRJJJJJ⃗ − DOJJJJ⃗ + GHJJJ⃗  

D. MIJJJJJ⃗ = 	 !EJJJJJ⃗ + JI	JJJJJJ⃗ + NRJJJJJ⃗ − !NJJJJ⃗ + GHJJJ⃗  

 

  

A

B

C

D

E

F

G

I

J

H

K

L

M
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8.  

 

 

 

 

 

 

 

 

 

 

 

	

	

	

Which	of	the	following	best	represents	the	parametric	equation	of	the	3r	curve	shown	above?	

	

A. (cos ol	, sin ol , arcsin(sin ol)), − 2o ≤ l ≤ 2o	

B. (sin ol	, cos ol , arcsin(sin ol)), − 2o ≤ l ≤ 2o  	

C.  (sin ol	, cos ol , arccos(cos ol)), − 2o ≤ l ≤ 2o	

D. (cos ol	, arccos(cos ol) , sin ol), − 2o ≤ l ≤ 2o 
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9. The	intersection	of	four	regions	on	the	Argand	diagram	forms	a	kite	with	diagonals	running	
along	the	real	and	imaginary	axes.	The	regions	are	defined	by:	

arg(R − T) ≤ −
	V
3
	

arg(R + T) ≤ 	
	V
3
					

argXR + √3Z ≤
	V
6
	

argXR + √3Z ≥ −
	V
6
	

	
What	is	the	exact	area	of	the	kite?	
	
A.    

B.   

C.   

D. 2√3 

  

2
√3 

4
√3 

8
√3 
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10. 	m(a)	is	a	continuous	and	integrable	function	over	the	real	numbers.	
Given	that	m(2a) = 3m(a)	and			
	
find	
	
	
A. 	4	
B. 	6	
C. 10	
D. 12 

 

   

 

 	
	 	

Please	turn	over	for	Section	II	
 

` m(a)	ba = 2			"

(

 

` m(a)	ba		#

"
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Section	II		Attempt	Questions	11-16	(90	marks)	Allow	about	2	hours	and	45	minutes	for	this	section		
Answer each question on a new page in the answer booklet 

 

For questions in Section II, your responses must include relevant mathematical reasoning and/or 

calculations.  

 

 Question	11	(15	marks)		Start	a	new	page	 Marks 

 

 

a) Find				 2	
	

b) 	i)	 Write	the	number	1 − √37	in	exponential	form	 2	
ii)	 Hence,	or	otherwise	write	{1 − √37	|+	in	exact	cartesian	form		 2	
	
	

c) Find	the	values	of	},	and	~	such	that	the	points	(−3, }	, ~	), (5, 4, 2),	and	(3, 12, 2)		 2	
are	collinear	 	
	

d) Solve	the	quadratic	equation	Z# − 6Z + 13 = 0	over	the	complex	numbers	giving				 2	
your	answer	in	Cartesian	form	
	
	

e) M	and	N	are	two	points	such	that		MNJJJJJ⃗ = 7
∼
+ :

∼
− 4<

∼
		and	MRJJJJJ⃗ = 57

∼
+ 4:

∼
+ 3<

∼
	

i) Find	the	angle	between	MNJJJJJ⃗ 		and	MRJJJJJ⃗ 	to	the	nearest	degree	 3	
ii) Find	the	exact	area	of	triangle	MNR	 2	

			
		 	

`2cos 5a cos 4a 	ba 

End	of	Question	11		
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Question	12	(15	marks)		Start	a	new	page	 Marks		
	
a) Evaluate			 2	

	
	

b) Solve	Z = √7		! 	,	giving	your	answers	in	cartesian	form	 3	
	
	

c) Shade	the	region	in	the	complex	plane	defined	by	 3	
	
	
	

d) A	particle	is	moving	in	simple	harmonic	motion	described	by	ä = −9(a − 2)	 3	
When	the	particle	passes	through	the	point	a = −1	m	its	speed	is	6√3	ms-"	
	
Find	the	distance	the	particle	travels	during	a	full	period	of	its	motion	
	
	

e) The	points	N = (−1, 0, 0)	, R	(	0, 1, 0), and	Ä	(0, 0	,1)	are	3	of	the	vertices	of	a	regular	 	
unit	octahedron	centred	on	the	origin	
i) Find	proj./00000⃗ 	NRJJJJJ⃗ 	 2	
ii) Hence	or	otherwise	find	the	shortest	distance	from	N	to	the	line	RÄ	 2	

	
	 	

1 < Im(Z) ≤ 4				and			!4 ≤	arg(Z) ≤3!
4  

` (ln	a)'a
	3	

"

		ba 

End	of	Question	12	please	turn	over	
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Question	13	(15	marks)		Start	a	new	page	 Marks	
	
a) 	Evaluate		 2	

	
	
b) i)	 Show	that																											for	all	positive	real	numbers	a	 1	

	
ii)	 Prove	that	for	four	positive	real	numbers		É, Ñ, Ö, b	, É ≠ Ñ ≠ Ö ≠ b	 2		
	
	
	
	

c) Use	the	substitution	d# = 5 − a	,	d > 0	to	show	that		 4	
	
	
	
	
	

d) Consider	the	complex	number	Z = cos â − 7 sin â		
	
i) Use	De	Moivre’s	theorem	to	show	that	 2	

	
	

ii) Hence	or	otherwise	express																						in	the	form:		 2	
	
	
	
	 	

iii) Hence	or	otherwise,	evaluate	 2	
	

		
	 	

)*+ −
-
./ 0

+
* −

.
-1 ≤ 0 

3 + 1
3 ≥ 2 

Z! + 1
Z! = 2 cos <= ,				<	 ∈ 	ℤ 

0Z+ 1
Z1

"

	 

A cos(5=) + E cos(3=) + F cos(=)			where	N	, R, Ä	 ∈ 		ℝ 

End	of	Question	
13		

	G cos" =
#

$

%

	.=	 

G 3
3 + 4√5 − 3 	.3 = ln 02048729 1

&

'

 

ç 74
#(#+

45"
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Question	14	(15	marks)		Start	a	new	page	 Marks		
a) A	particle	initially	at	the	origin	moves	in	a	straight	line	with	an	initial	velocity	of			

1	m/s	such	that	its	acceleration	É	m/s#	is	given	by	É = è	√4 − è#			
i) Find	its	exact	velocity	when	its	displacement				 3	
ii) With	relevant	mathematical	reasoning,	describe	the	eventual	motion	of	the	particle	 1			

	
	

b) 		
	
	
	
	
	
	
	
	
	

	
	
Find	the	exact	volume	of	the	solid	formed	when	ê = √2a arctan a		is	rotated	about		 3	
the	a − axis,	between	a = 0	and	a = √3	
	
	

	a = o6	 

Question	14	continues	over	the	page 
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Question	14		continues	...	 Marks	
			
c) 	Prove	by	contradiction	that		4a# − ê# = 1	does	not	have	any	integer	solutions	 3	
	
d) MNRÄ	is	a	quadrilateral	

	
	
	
	
	
	
	
	
	
NRJJJJJ⃗ = ë

∼
	,	RÄJJJJJ⃗ = í

∼
	, and		MNJJJJJ⃗ = ë

∼
− í

∼
		

	
ì	is	the	midpoint	of	RÄ	
î	is	the	point	on	Mì	such	that	Mî: îì = ï ∶ 1	
î	also	lies	on	the	line	AC	
	
i) Express	MÄJJJJJ⃗ 	in	terms	of	ë

∼
	and/or	í

∼
	in	its	simplest	form		 1	

ii) Express	MîJJJJJ⃗ 	in	terms	of	ë
∼
	and	í

∼
	and	hence	show	that		 2	

	
iii) Find	the	value	of	ï	 2	

	 	

NîJJJJJ⃗ = ï − 1ï + 1 	ë∼ + ï + 22(ï + 1) 	í∼  

 

End	of	Question	
14		
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Question	15	(15	marks)		Start	a	new	page	 Marks			
a) What	is	the	contrapositive	of	the	following	implication	 1	

	
	

b) Let																																																	where	ï	is	positive	integer	
	

i) Show	that	 3	
	

ii) Hence	by	considering	the	partial	fraction	decomposition	of	h4,	find	a	closed	 2	
form	algebraic	expression	for	ò4	,	the	sum	of	the	first	ï	terms	of		h4	
	
	
	
	

c) 	Use	mathematical	induction	to	prove	that,	for	all	positive	integers	ï	 4	
	
	

	 	

	N! = 1
(< + 1)(< + 2)	 

	N! = G 3(1 − 3)!	.3		
'

%

	 

	O! = PN(
!

()'

	 

¬(N ⟹ Ä) ⟹ {¬(N ⟹ R)	Mõ	¬(R ⟹ Ä)|		 

tan â + 2 tan 2â +	…	+ 24-" tan(24-"â) 		= 	cot â − 24 cot(24â)	

Question	15	continues	over	the	page 
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Question	15		continues	...	 Marks	
	
	
d) Use	the	fundamental	theorem	of	calculus	to	show	that	 2			

	
	

e) 	A	light,	inextensible	string	passes	over	a	smooth,	fixed	pulley.		 3	
One	end	is	attached	to	a	mass	ù" = 8	kg	on	a	rough	horizontal	table,	where		
a	kinetic	friction	force	ü6 	= 	 d6 	†	newtons	acts	in	the	opposite	direction	to		
that	of	the	motion,	where	Q(	is	the	coefficient	of	kinetic	friction	and	Y	is	the		
normal	force	acting	on	['.	The	other	end	of	the	string	hangs	vertically	and	is		
attached	to	a	mass	ù# = 	6	kg	
	
		
	
	
	
	
	

	
		
The	coefficient	of	kinetic	friction																			
	
The	system	is	released	from	rest	
	
In	terms	of	gravity	°,	what	is	the	tension	¢	in	the	string	?	
	

	
	 	 End	of	Question	15		

bba £` ln l bl	7"

"

§ = 4a ln 	a 

Q( = 1
4 
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Question	16	(15	marks)		Start	a	new	page	 Marks	
													
a) i)	 Prove	that	the	product	of	two	consecutive	positive	even	integers	is	divisible	by	8	 2	

ii)	 	Hence	prove	that	for	all	prime	numbers	• > 3	,	•# − 1	is	divisible	by	24	 3	
	

b) An	exploratory	lander	on	the	distant	exoplanet	Arrakis	uses	a	high-powered	magnetic	
launcher	to	fire	a	sampling	probe	of	mass	ù		kg	vertically	upwards.	The	launcher	
is	positioned	at	a = 1	,	where	a	represents	the	displacement	from	the	surface	in	meters.	
	
Driven	by	magnetic	propulsion	from	the	launcher,	the	probe	moves	through	a	dense	plasma	
atmosphere	as	it	travels	upwards	under	a	gravity	of	°	m/s#	
	
The	combined	net	non-gravitational	force	ü8 	acting	on	the	metal	probe	is	modelled	by			
	
	
	
Where	è	is	the	speed	of	the	probe		
The	lander’s	booster	launches	the	probe	with	an	initial	upward	speed	of		¶	m/s	
	
i) Show	that	the	equation	of	motion	while	the	probe	is	moving	upwards	can	be		 1	

written	as:		
	
	
	

ii) Hence,	show	that	the	greatest	height	of	the	probe	a = ß,	satisfies:		 3	
	
	
	
	
	

Question	16	continues	over	the	page 

ü8 = ù°a' (1 + è#) − ù°è# 

è1 + è# bèba = 	−° ®1 − 1a'© 

ln 	(1 + ¶#) = 	2°(ß − 1) − ° ™ß# − 1ß#
´ 
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Question	16		continues	...	 Marks		
	
c) N	and	R	are	two	distinct	points	in	three-dimensional	space	such	that	

	
	
i) Let	ò"	be	the	set	of	all	points	•	such	that	N•JJJJJ⃗ 	. 	R•JJJJJJ⃗ = 0.			 2			Find	the	vector	equation	of	ò"	

	
ii) let	ì	be	the	midpoint	of	the	line	NR	and	ò#	be	the	set	of	all	points	†	such	that	 1		

	|N†JJJJJJ⃗ | =		|ì†JJJJJJJ⃗ |			The	intersection	of	ò"	and	ò#	is	the	circle	ò.	Find	the	radius	of	]						d) i)	Show	that		 	 1		
	
		 	
ii)		Hence	or	otherwise	find	the	exact	value	of			 2	
	

	

	

	

	

	

G 1
1 + √tan 3 	.3

#

*

	
#

,

 

 

` m(a)ba =9

:

` m(É + Ñ − a)ba9

:

 

 

End	of	Exam 

MNJJJJJ⃗ = ¨ 64−2≠ 	and	MRJJJJJ⃗ = ¨482≠	


























































