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Answer ALL questions. Write your answers in the spaces provided.

1.	 	 f	( z )	=	z 3 + p z 2 + q z – 15

 where p and q are real constants.

	 Given	that	the	equation	f	( z )	=	0	has	roots

5 5,   and 1α α
α α

⎛ ⎞+ −⎜ ⎟⎝ ⎠

	 (a)	 solve	completely	the	equation	 f	( z )	=	0
(5)

	 (b)	Hence	find	the	value	of	 p.
(2)
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Question 1 continued
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(Total for Question 1 is 7 marks)
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Answer ALL questions. Write your answers in the spaces provided.

1.	 	 f	( z )	=	z 3 + p z 2 + q z – 15

 where p and q are real constants.

	 Given	that	the	equation	f	( z )	=	0	has	roots

,   and 1

	 (a)	 solve	completely	the	equation	 f	( z )	=	0
(5)

	 (b)	Hence	find	the	value	of	 p.
(2)
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Question 1 continued
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2.	 he	plane	Π	passes	throu h	the	point	A	and	is	perpendicular	to	the	vector	n

 Given that

OAl	=	
5
3
4

−
−

⎛

⎝

⎜
⎜

⎞

⎠

⎟
⎟

 and n	=	
3
1
2

−
⎛

⎝

⎜
⎜

⎞

⎠

⎟
⎟

 where O	is	the	ori in

	 (a)	 find	a	 artesian	equation	of	Π .
(2)

	 ith	respect	to	the	fi ed	ori in	O 	the	line	l	is	 iven	by	the	equation

r	=	
7
3
2−

⎛

⎝

⎜
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⎞

⎠

⎟
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 + λ 
−
−

⎛

⎝

⎜
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⎞

⎠

⎟
⎟

1
5
3

 The line l	intersects	the	plane	Π	at	the	point	X.

	 (b)	 ho 	that	the	acute	an le	bet een	the	plane	Π and the line l is 21.2° correct to 
one	decimal	place

(4)

	 (c)	 ind	the	coordinates	of	the	point	X.
(4)
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Question 2 continued
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2.	 he	plane	Π	passes	throu h	the	point	A	and	is	perpendicular	to	the	vector	n
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 The line l	intersects	the	plane	Π	at	the	point	X.

	 (b)	 ho 	that	the	acute	an le	bet een	the	plane	Π and the line l is 21.2° correct to 
one	decimal	place

(4)

	 (c)	 ind	the	coordinates	of	the	point	X.
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Question 2 continued
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3.	 yler	invested	a	total	of	 000	across	three	different	accounts 	a	savin s	account  
a	property	bond	account	and	a	share	dealin 	account

	 yler	invested	 00	more	in	the	property	bond	account	than	in	the	savin s	account

	 fter	one	year

  •	 the	savin s	account	had	increased	in	value	by	
  •	 the	property	bond	account	had	increased	in	value	by	
  •	 the	share	dealin 	account	had	decreased	in	value	by	

  •	 the	total	value	across	 yler s	three	accounts	had	increased	by	

	 orm	and	solve	a	matri 	equation	to	find	out	ho 	much	money	 as	invested	by	 yler	in	
each account.

(7)
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Question 3 continued
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(Total for Question 3 is 7 marks)
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3.	 yler	invested	a	total	of	 000	across	three	different	accounts 	a	savin s	account  
a	property	bond	account	and	a	share	dealin 	account

	 yler	invested	 00	more	in	the	property	bond	account	than	in	the	savin s	account

	 fter	one	year

  •	 the	savin s	account	had	increased	in	value	by	
  •	 the	property	bond	account	had	increased	in	value	by	
  •	 the	share	dealin 	account	had	decreased	in	value	by	

  •	 the	total	value	across	 yler s	three	accounts	had	increased	by	

	 orm	and	solve	a	matri 	equation	to	find	out	ho 	much	money	 as	invested	by	 yler	in	
each account.
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Question 3 continued
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4. The cubic equation

x 3	 	  x 2	 	  x	 	 	=	0

 has roots 	  and .

	 ithout	solvin 	the	equation 	find	the	cubic	equation	 hose	roots	are	( 	 	 ) 	( 	 	 ) 
and ( 	 	 ) 	 ivin 	your	ans er	in	the	form	 w 3 + p w 2 + q w + r	=	0 	 here	p 	q and r are 
inte ers	to	be	found

(5)
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5.  M	=	
1 3

3 1

−⎛

⎝
⎜

⎞

⎠
⎟

	 (a)	 ho 	that	M	is	non sin ular
(2)

	 he	he a on	R	is	transformed	to	the	he a on	S	by	the	transformation	represented	by	the	
matri 	M.

	 Given	that	the	area	of	he a on	R	is	 	square	units 	

	 (b)	 find	the	area	of	he a on	S.
(1)

	 he	matri 	M	represents	an	enlar ement 	 ith	centre	(0 	0)	and	scale	factor	k  
where k >	0 	follo ed	by	a	rotation	anti cloc ise	throu h	an	an le	 	about	(0 	0)

	 (c)	 ind	the	value	of	k.
(2)

	 (d)	 ind	the	value	of	 .
(2)
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Question 5 continued
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6.	 (a)	 rove	by	induction	that	for	all	positive	inte ers	n

r n n n
r

n

=
∑ = + +

1

2 1
6

1 2 1( )( )

(6)

	 (b)	 se	the	standard	results	for	 r
r

n
3

1=
∑  and r

r

n

=
∑

1

	 to	sho 	that	for	all	positive	inte ers	n

r r r n n n n
r

n

=
∑ + − = + − +

1

6 6 1
4

1 8 9( )( ) ( )( )( )

(4)

	 (c)	 Hence	find	the	value	of	n that satisfies

r r r r
r

n

r

n
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∑ ∑+ − =
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2
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6 6 17( )( )

(5)
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Question 6 continued

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

(Total for Question 6 is 15 marks)

&" !"#$%&'()*"+,"-(."/"-(0(1*/#',"*(234%5*5#$6(78)(5'(93$:;"$(<#:;"=#:5,%(>(2#=?-"(1%%"%%="':(<#:"$5#-%(>(
@%%3"(A(>(13B3%:(CDAE(F(!"#$%&'()*3,#:5&'(.5=5:"*(CDAE

PMT



12

!"#$$#%&'()(*!

 
D

O
 N

O
T W

RITE IN
 TH

IS A
REA

 
D

O
 N

O
T W

RITE IN
 TH

IS A
REA

 
D

O
 N

O
T W

RITE IN
 TH

IS A
REA

 
D

O
 N

O
T 

W
RI

TE
 IN

 T
H

IS
 A

RE
A

 
D

O
 N

O
T 

W
RI

TE
 IN

 T
H

IS
 A

RE
A

 
D

O
 N

O
T 

W
RI

TE
 IN

 T
H

IS
 A

RE
A

6.	 (a)	 rove	by	induction	that	for	all	positive	inte ers	n

r n
n

∑ = + +2 1
6

1 2 1( )

(6)

	 (b)	 se	the	standard	results	for	 r
n

3

1
∑  and r

n

∑ 	 to	sho 	that	for	all	positive	inte ers	n

r r r n n n n
r

n

=
∑ + − = +

1

6 6 1
4

1 8 9( )( ) ( )( )

(4)

	 (c)	 Hence	find	the	value	of	n that satisfies

r r
n n

+ − =
1

2

1

6 6 17( )( )

(5)

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

13

!"#$$#%&'()(*! Turn over     

 
D

O
 N

O
T W

RITE IN
 TH

IS A
REA

 
D

O
 N

O
T W

RITE IN
 TH

IS A
REA

 
D

O
 N

O
T W

RITE IN
 TH

IS A
REA

D
O

 N
O

T 
W

RI
TE

 IN
 T

H
IS

 A
RE

A
D

O
 N

O
T 

W
RI

TE
 IN

 T
H

IS
 A

RE
A

 
D

O
 N

O
T 

W
RI

TE
 IN

 T
H

IS
 A

RE
A

 
D

O
 N

O
T 

W
RI

TE
 IN

 T
H

IS
 A

RE
A

 
D

O
 N

O
T 

W
RI

TE
 IN

 T
H

IS
 A

RE
A

 
D

O
 N

O
T 

W
RI

TE
 IN

 T
H

IS
 A

RE
A

Question 6 continued
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7. ia rams	not	dra n	to	scale

D C

A BO

	m 	m

0 	m

Figure 1 Figure 2

D C

−0 0O

y

x

	 i ure	 	sho s	the	central	cross section	AOBCD	of	a	circular	bird	bath 	 hich	is	made	
of	concrete 		 easurements	of	the	hei ht	and	diameter	of	the	bird	bath 	and	the	depth	of	
the	bo l	of	the	bird	bath	have	been	ta en	in	order	to	estimate	the	amount	of	concrete	that	
as	required	to	ma e	this	bird	bath

	 sin 	these	measurements 	the	cross sectional	curve	CD 	sho n	in	 i ure	 	is	modelled	
as a curve with equation 

y	=	 	 	k x 2	 	 0 	- x -	0

 where k is a constant and where O	is	the	fi ed	ori in

	 he	hei ht	of	the	bird	bath	measured	 	m	and	the	diameter 	AB 	of	the	base	of	the	bird	
bath	measured	0 0	m 	as	sho n	in	 i ure	

	 (a)	 u est	the	ma imum	depth	of	the	bird	bath
(1)

	 (b)	 ind	the	value	of	k.
(2)

	 (c)	 Hence	find	the	volume	of	concrete	that	 as	required	to	ma e	the	bird	bath	accordin 						
to	this	model 		Give	your	ans er 	in	m3 	correct	to	 	si nificant	fi ures

(7)

	 (d)	 tate	a	limitation	of	the	model
(1)

	 t	 as	later	discovered	that	the	volume	of	concrete	used	to	ma e	the	bird	bath	 as	
0 	m3	correct	to	 	si nificant	fi ures

	 (e)	 sin 	this	information	and	the	ans er	to	part	(c) 	evaluate	the	model 	e plainin 	your	
reasonin

(1)
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8.	 (a)	 hade	on	an	 r and	dia ram	the	set	of	points

: 4i 3 : arg( 3 4i)
2 4
π πz z z z⎧ ⎫ ⎧ ⎫− ∩ − < + −⎨ ⎬ ⎨ ⎬

⎩ ⎭ ⎩ ⎭
!∈ C " ∈ "

(6)

	 he	comple 	number	w satisfies

 w	 	 i  	=	

	 (b)	 ind	the	ma imum	value	of		ar  w		in	the	interval	 (   	 ].
	 	 Give	your	ans er	in	radians	correct	to	 	decimal	places

(2)
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Question 8 continued

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

(Total for Question 8 is 8 marks)
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8.	 (a)	 hade	on	an	 r and	dia ram	the	set	of	points

: 4i 3 : arg( 3 4i)z z − ∩ − < + −!∈ C " 

(6)

	 he	comple 	number	w satisfies

 w	 	 i  	=	

	 (b)	 ind	the	ma imum	value	of		ar  w		in	the	interval	 (   	 ].
	 	 Give	your	ans er	in	radians	correct	to	 	decimal	places

(2)
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Question 8 continued
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9.	 n	octopus	is	able	to	catch	any	fish	that	s im	 ithin	a	distance	of	 	m	from	the	octopus s	
position

 A fish F	s ims	from	a	point	A	to	a	point	B.

	 he	octopus	is	modelled	as	a	fi ed	particle	at	the	ori in	O.

 Fish F	is	modelled	as	a	particle	movin 	in	a	strai ht	line	from	A to B.

 Relative to O 	the	coordinates	of	A	are	( 	 	 )	and	the	coordinates	of	B	are	( 	 	 ) 	
here	the	unit	of	distance	is	metres

	 (a)	 se	the	model	to	determine	 hether	or	not	the	octopus	is	able	to	catch	fish	F.
(7)

	 (b)	 riticise	the	model	in	relation	to	fish	F.
(1)

	 (c)	 riticise	the	model	in	relation	to	the	octopus
(1)
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Question 9 continued
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Question 9 continued
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