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   HIGHER SCHOOL CERTIFICATE 
   TRIAL EXAMINATION 

 

 

 

 

Mathematics Extension 1 
 

General Instructions 
 
 Reading Time – 5 minutes 

 Working Time – 2 hours 

 Write using black or blue pen 
Black pen is preferred 

 Board-approved calculators may be used 

 A reference sheet is provided 

 In Questions 11 – 14, show relevant 
mathematical reasoning and/or 
calculations  

 Task Weighting – 40% 

    Total Marks – 70  
 
      Section I         Pages 3 – 5  
     

     10 marks 
 Attempt Questions 1 – 10  

 Allow about 15 minutes for this section. 
 
      Section II        Pages 6 – 13                             
 

      60 marks 

 Attempt Questions 11 – 14  

 Allow about 1 hours and 45 minutes for 
this section 
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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	 R	is	a	point	ሺെ2,െ1ሻ	and	S	is	a	point	ሺ1, 5ሻ.	Find	the	coordinates	of	the		
	 point	ܺ	which	divides	ܴܵ	externally	in	the	ratio	5 ∶ 2.	

	
(A)	 ሺ1	, 9ሻ	 	 	 	 			

(B)	 ሺ3	, 9ሻ	

(C)	 ቀଽ
଻
	 , ଶ଻
଻
ቁ		 	 	 			

(D)	 ቀଷ
଻
	 , ଶଷ
଻
ቁ	

	
	
	
2	 Find		׬ sinଶ ݔ4 	.	ݔ݀	
	

(A)	 ଵ

ଶ
ቀݔ െ ୱ୧୬଼௫

଼
ቁ ൅ ܿ	 	 	 	 			

(B)	 ଵ

ଶ
ቀݔ െ ୡ୭ୱ଼௫

଼
ቁ ൅ ܿ	

(C)	 ଵ

ଶ
ሺݔ െ sin ሻݔ8 ൅ ܿ	 	 	

(D)	 ݔ െ ୱ୧୬଼௫

଼
൅ ܿ	 	

	
	
	
3	 Find	the	remainder	when	ܲሺݔሻ ൌ ଷݔ2 ൅ ଶݔ െ ݔ13 ൅ 6	is	divided	by	ሺݔ െ 1ሻ.	
	

(A)	 18	 	 	 	 			

(B)	 6	

(C)	 4	 	 	 	 	

(D)	 െ4		
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4	 Evaluate	cosሺtanିଵ ଵ
ଶ
ሻ.	

	

(A)	 ଵ

√ହ
	 	 	 	 			

(B)	 ଶ

√ହ
	

(C)	 ଵ

ଶ
	 	 	 	 			

(D)	 2	

	
	
	
5	 What	is	the	domain	of	the	function	݂ሺݔሻ ൌ 2 sinିଵሺ3ݔ െ 2ሻ	?	

	

(A)	 െ5 ൑ ݔ ൑ 1	 	 	 	 			

(B)	 െ2 ൑ ݔ ൑ 2	

(C)	 ଵ

ଷ
൑ ݔ ൑ 1	 	 	 	 	 			

(D)	 ଶ

ଷ
൑ ݔ ൑ ଷ

ଶ
	

	
	
	
6	 Seven	people	attend	a	dinner	party.	How	many	ways	can	they	be	arranged	

around	a	round	table	if	two	particular	people	must	sit	apart	from	each	other?	
	

(A)	 480	 	 	 	 	 			

(B)	 240	

(C)	 720	 	 	 	 	 	 			

(D)	 120	

	
	
	
7	 How	many	solutions	does	the	equation	sin ݔ2 ൌ 4cos 0		for		have		ݔ ൑ ݔ ൑ 	.ߨ2
	

	 	 (A)	 2	 	 			

(B)	 1	

(C)	 3	 			

(D)	 4	
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8	 The	polynomial	equation	ܲሺݔሻ ൌ ଷݔ2 ൅ ଶݔ െ ݔ13 ൅ 6	has	3	roots	ߙ, 			.ߛ	and	ߚ

Find			ଶ
ఈ
൅ ଶ

ఉ
൅ ଶ

ఊ
	.	

	

(A)	 ଶ଺

ଷ
	 	 	 	 	 			

(B)	 ଵଷ

ଷ
	

(C)	 ଵଷ

଺
	 	 	 	 		

(D)	 ଵଷ

ଵଶ
	

	
	
	

9	 If	the	acute	angle	between	the	lines		ݕ ൌ ݔ2 െ 3		and		݉ݔ െ ݕ െ 1 ൌ 0		is		గ
ସ
	,	

	 find	the	value	of	݉.		
	

(A)	 െ ଵ

ଶ
	 	 	 			

(B)	 െ2	

(C)	 െ ଵ

ଷ
		 	 	 			

(D)	 െ3	

	
	
	

10	 Evaluate	׬
ଶ

ଵ଺ାଽ௫మ
	.	ݔ݀	

	

(A)	 ଷ

ସ
	tanିଵ ଷ௫

ସ
൅ ܿ		 	 	 			

(B)	 ଵ

ଵଶ
	tanିଵ ସ௫

ଷ
൅ ܿ	 	

(C)	 ଵ

଺
	tanିଵ ଷ௫

ସ
൅ ܿ		 	 			

(D)	 ଵ

଺
	tanିଵ ସ௫

ଷ
൅ ܿ		

	
		
	
	 	

End	of	Section	I	
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Section	II	
	
60	marks	
Attempt	Questions	11	–	14	
Allow	about	1	hours	and	45	minutes	
	
Answer	each	question	in	the	appropriate	writing	booklet.	Extra	writing	booklets	are	
available.		
	
In	Questions	11	–	14,	your	responses	should	include	relevant	mathematical	reasoning	
and/or	calculations.		
	

	
	
Question	11					(15	marks)					Use	a	SEPARATE	writing	booklet.				 								 	
	
	
(a) Use	the	substitution	ݑ ൌ ݔ2 െ 1,	to	find		 	 	 	 	 	 3	

	

න
ݔ

ݔ2√ െ 1	
		ݔ݀	

		 	 	 	 	
	
	

(b) Consider	the	letters	of	the	word	CALCULATOR.	
	
(i) How	many	different	arrangements	can	be	made	if	there	are	no	 	 1	

restrictions?		 	 	 	 	 	 	 	
	

(ii) What	is	the	probability	that	the	letter	C’s	are	at	either	ends?	 	 2	
	

	
	
(c)	 Isabella	guesses	at	random	the	answers	to	each	of	10	multiple	choice		

questions.	In	each	question	there	are	4	options,	only	one	of	which	is		
correct.	 	
	
(i)	 Find	the	probability	that	Isabella	answers	exactly	6	of	the	10		 	 2	

questions	correctly.	Give	your	answer	correct	to	3	decimal	places.	
	

(ii)	 Find	the	probability	that	Isabella	answers	at	least	two	questions	 2
	 	 correctly.	Give	your	answer	correct	to	3	decimal	places.		

	
Question	11	continues	on	the	following	page	
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Question	11	(continued)	
	
	
(d)	 (i)	 By	sketching	on	the	same	set	of	axes	the	graphs	of		ݕ ൌ cosିଵ 			ݔ 2	

and		ݕ ൌ గ

ସ
൅ cosିଵ		equation	the	why	explain		,ݔ ݔ െ ݔ െ గ

ସ
ൌ 0				

has	only	one	real	solution.					 	 	 	 	
	

(ii)		 Taking		ݔ ൌ 0.5		as	the	first	approximation	to	the	solution	of		

cosିଵ ݔ െ ݔ െ గ

ସ
ൌ 0,	use	one	application	of	Newton’s	method		 	 3		

to	find	a	better	approximation.	Give	your	answer	correct	to		
2	decimal	places.			

	 	
	
	

End	of	Question	11	
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Question	12					(15	marks)					Use	a	SEPARATE	writing	booklet.		 		 								
	
	

(a)		 A	function	is	defined	by	݂ሺݔሻ ൌ 2 െ ଶ

௫ାଵ
	.	

	
(i) Show	that	the	points	of	intersection	of	݂ሺݔሻ	and	its	inverse		 	 2	

function		݂ିଵሺݔሻ		are		ሺ0, 0ሻ	and	ሺ1, 1ሻ.	
	

(ii) Sketch	the	graph	of	ݕ ൌ ݂ሺݔሻ	for	domain	ݔ ൒ െ1.		 	 	 2	
	

Clearly	show	any	equations	of	asymptotes	and	intercepts	on	the	
coordinate	axes.	
	
(Use	at	least	one	third	of	the	page)	 	
	 	 	 	 	

(iii) On	the	same	set	of	axes,	sketch	the	graph	of	the	inverse	function		 1	
ݕ ൌ ݂ିଵሺݔሻ.	
	
Clearly	show	any	equations	of	asymptotes,	intercepts	on	the	
coordinate	axes	and	points	of	intersection	with	ݕ ൌ ݂ሺݔሻ.	 	 	

	
(iv) Find	an	expression	for	݂ିଵሺݔሻ	in	terms	of	ݔ	and	clearly	state	the		 2	

restriction	on	its	domain.	 	 	 	
	
	
	
(b)		 The	polynomial	ܲሺݔሻ	is	given	by		ܲሺݔሻ ൌ ଷݔ ൅ ሺ݇ െ 1ሻݔଶ ൅ ሺ1 െ ݇ሻݔ െ 1		

for	some	real	number	݇.	
	
(i) Show	that		ݔ ൌ 1		is	a	root	of	the	equation		ܲሺݔሻ ൌ 0.	 	 	 1	
	
(ii) Given	that		ܲሺݔሻ ൌ ሺݔ െ 1ሻሺݔଶ ൅ ݔ݇ ൅ 1ሻ		and		ܲሺݔሻ ൌ 0		has		 	 2	

only	one	real	root,	find	the	possible	value(s)	of	݇.			 	
	
	
	

Question	12	continues	on	the	following	page	
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Question	12	(continued)	
	
	
(c)		 A	particle	is	moving	in	a	straight	line.	At	time	ݐ	seconds	it	has	displacement		

		by	given	msିଵ	ݒ	velocity	line,	the	on	ܱ	point	fixed	a	from	metres	ݔ
ଶݒ ൌ 32 ൅ ݔ8 െ ሷݔ	acceleration	and	ଶݔ4 	msିଶ.	
	
(i) Show	that	the	particle	is	moving	in	Simple	Harmonic	Motion.	 	 1	

	
(ii) Find	the	centre	and	amplitude	of	the	motion.	 	 	 	 3	

	
(iii) Find	the	maximum	speed	of	the	particle.	 	 	 	 	 1	

	 	 	 	 	 	
	
	

End	of	Question	12	
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Question	13					(15	marks)					Use	a	SEPARATE	writing	booklet.			 		 							
	

	 	 	
(a)		 A	water	balloon	is	fired	horizontally	by	a	cannon	from	the	point	B	with		

a	velocity	of	120	msିଵ	to	reach	a	target	at	T.		
	
At	the	same	time,	a	stone	is	launched	from	the	point	O	with	a	velocity	of		
V	msିଵ	and	an	angle	of	projection	of	ߠ	in	order	to	burst	the	water		
balloon	in	the	air.			
	

The	point	O	is	200	metres	directly	below	the	point	B	and		ߠ ൌ tanିଵ ቀଷ
ସ
ቁ.	

	
Take	the	acceleration	due	to	gravity	as	10	msିଶ.	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
For	the	water	balloon,	
	
(i) Show	that	the	equations	of	motion	of	the	water	balloon	are		 	 2	

given	by	 	 	 	 	
	

ݔ ൌ ݕ				and				ݐ120 ൌ െ5ݐଶ ൅ 200.				
	

	
	

Question	13	continues	on	the	following	page	 	
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Question	13	(continued)	
	
	
For	the	stone,	assume	that	the	equations	of	motion	are	given	by	
	

ݔ ൌ ݐܸ cos ݕ				and				ߠ ൌ െ5ݐଶ ൅ ݐܸ sin 		.ߠ 			(Do	NOT	prove	this.)	
	

(ii)	 Show	that	in	order	for	the	stone	to	successfully	burst	the	water		 2	
balloon	in	the	air,	it	must	be	launched	at	a	velocity	of		150	msିଵ.	

	
(iii)	 How	high	above	the	ground	does	the	collision	occur?		 	 	 3	

	 	 Give	your	answer	correct	to	the	nearest	metre.		 	 	
	
	
	

(b)		 Find	the	exact	value	of		sin ቂcosିଵ ቀସ
ହ
ቁ െ tanିଵ ቀ ହ

ଵଶ
ቁቃ.			 	 	 	 3	

Show	all	working.	
	
	

	
(c)		 At	time	ݐ	years	the	number	N	of	individuals	in	a	population	is	given	by		

ܰ ൌ 5000 െ 4250݁ି௞௧		for	some		݇ ൐ 0.		
	
(i) Find	the	initial	population.		 	 	 	 	 	 	 1	

	
(ii) Sketch	the	graph	of	ܰ	as	a	function	of	ݐ	showing	clearly	the	initial		 2	

and	limiting	populations.	 	 	 	 	 	 	 	
	

(iii) Find	the	value	of		݇		if			ௗே
ௗ௧
ൌ 250		when	ܰ	is	three	times	the	initial		 2	

population.	
	

	
	

End	of	Question	13	
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Question	14					(15	marks)					Use	a	SEPARATE	writing	booklet		 	 		 								
	
	
(a)	 	Prove	by	mathematical	induction	that		 	 	 	 	 	 3	
	

෍ሺݎଶ ൅ 1ሻݎ! ൌ ݊ሺ݊ ൅ 1ሻ!

௡

௥ୀଵ

	

	
	
	

(b)		 In	the	binomial	expansion	of		ቀ1 െ ௔

௫
ቁ
௡
,	the	coefficient	of		ିݔସ		and	the				 3	

coefficient	of		ିݔଷ		are	in	the	ratio	of		3 ∶ 2.	
	
Prove	that		݊ܽ െ 3ܽ ൅ 6 ൌ 0.	

	
	

	
(c)		 Consider	the	geometric	series		1 ൅ ሺ1 ൅ ሻݔ ൅ ሺ1 ൅ ሻଶݔ ൅ ⋯൅ ሺ1 ൅ 		,ሻ௡ݔ

where	ݔ ൐ 0.	
	

(i) Show	by	summation	that	 	 	 	 	 	 	 1	
	

1 ൅ ሺ1 ൅ ሻݔ ൅ ሺ1 ൅ ሻଶݔ ൅ ⋯൅ ሺ1 ൅ ሻ௡ݔ ൌ
ሺ1 ൅ ሻ௡ାଵݔ

ݔ
െ
1
ݔ
	

	
	

(ii) Hence,	show	that	 	 	 	 	 	 	 	 2	
	

ቀ
݊
ݎ
ቁ ൅ ൬

݊ െ 1
ݎ

൰ ൅ ൬
݊ െ 2
ݎ

൰ ൅⋯൅ ቀ
ݎ
ݎ
ቁ ൌ ൬

݊ ൅ 1
ݎ ൅ 1

൰	

		
	 	 	 	
	

	
Question	14	continues	on	the	following	page	
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Question	14	(continued)	
	
		
(d)		 (i)	 From	a	point	ܣ	ሺെ݌, ݌	where	ሻ,ݍ ൐ 0	and	ݍ ൐ 0,		perpendiculars		 2	

,݌ܲሺെ	at	axes	ݕ	and	ݔ	the	meet	to	drawn	are	ܳܣ	and	ܲܣ 0ሻ	and		
ܳሺ0, 			.respectively	ሻݍ 	
	

Show	that	the	equation	of	ܲܳ	is	given	by			ݔ ൌ ௣

௤
ݕ െ 	.݌

	
	 (ii)		 Show	that	the	condition	for	the	line	ܲܳ	to	be	a	tangent	to	the		 	 3	

parabola		ݕଶ ൌ ݌ܽ				is			ݔ4ܽ െ ଶݍ ൌ 0.	
	

(iii)		 If	the	points	ܲሺെ݌, 0ሻ	and	ܳሺ0, 		axes	ݕ	and	ݔ	the	on	move	ሻݍ 	 1	
respectively,	such	that	ܲܳ	is	a	tangent	to	the	parabola	ݕଶ ൌ 		,ݔ4ܽ
then	the	point	ܣሺെ݌, 		.curve	a	out	traces	ሻݍ
	
Find	the	locus	of	ܣ.			

	
	
	

End	of	Question	14	
	
	
	

End	of	paper	
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