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1. 

(3)

(3)
(ii) 

The cubic equation

2x  – 3x  + 5x + 7 = 03 2

has roots α, β and γ.

Without solving the equation, determine the exact value of

(i) α + β  + γ2 2 2

 (iii) (1 – α) (1 – β) (1 – γ)
(3)

_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________

_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________

_____________________________________________________________________________________

3α 3β 3γ   



*P79981A0332* Turn over
3

���� 

DO
NO

TW
RI

TE
 IN

 T
HI

S 
AR

EA
 D

O 
NO

T 
W

RI
TE

IN
TH

IS
AR

EA
DO

 N
OT

 W
RI

TE
IN

TH
IS

AR
EA

Question 1 continued_____________________________________________________________________________________
_____________________________________________________________________________________

_____________________________________________________________________________________
_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________

_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________

_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________



*P79981A0432*

DO NOT W
RITEINTHISAREA

 DO NOT W
RITEINTHISAREA

DONOTW
RITE IN THIS AREA

4

���� 

Question 1 continued_____________________________________________________________________________________
_____________________________________________________________________________________

_____________________________________________________________________________________
_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________

_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________

_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________



 

*P79981A0532* Turn over
5

���� 

DO
NO

TW
RI

TE
 IN

 T
HI

S 
AR

EA
 D

O 
NO

T 
W

RI
TE

IN
TH

IS
AR

EA
DO

 N
OT

 W
RI

TE
IN

TH
IS

AR
EA

Question 1 continued_____________________________________________________________________________________
_____________________________________________________________________________________

_____________________________________________________________________________________
_____________________________________________________________________________________

_____________________________________________________________________________________

(TotalforQuestion 1 is 9 marks)

_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________

_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________

_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________



*P79981A0632*

DO NOT W
RITEINTHISAREA

 DO NOT W
RITEINTHISAREA

DONOTW
RITE IN THIS AREA

6

���� 

2. 

(3)

(5)
 where  and 

(b) Hence show that there are no values of 

2

 are integers to be determined.

1

 for which

3

(a) Use the standard results for summations to show that, for all positive integers 

n    2    1 r r
 1 n   a    b n n

r  1
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3.

(5)

(2)
(b) Hence determine the value of 

f(z) = 3z3

where a and b are real constants.

Given that 4 – i is a root of f(z) = 0

(a) solve f(z) = 0 completely.

 + 

 and the value of 

 +  + 17

 (c) Write down the roots of the equation f(z + 2) = 0
(1)
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4. 

(6)

The transformation Q is represented by the matrix Q where

0
5

1
Q

 
 

 
 4   

(a) Determine the equations of the invariant lines of Q.

 (b) Determine the equation of the line of invariant points of Q.
(1)
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5. 

(6)

Prove by induction that, for all positive integers 

n r  r 1

6 2  
r  1

2 7
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6.

Figure 1

(2)

(2)

(2)

where a and b are integers.

(a) Write down the value of 

–1

–2

–3

–4

1

1

 and the value of 

2 3 4 5

Given that l and C intersect at the point P, as shown in Figure 1,

(c) determine, in exact form, the complex number represented by 

Figure 1 shows an Argand diagram with the circle C, the half‑linel

The set of points that lie on the perimeter of C, is defined by

(b) Write down an equation for the locus represented by the half‑line l.

and the half‑line 

 The region R, including its boundaries, shown shaded in Figure 1, is bounded
by l, C and m.

(d) Use inequalities to define R. 
(3)

_____________________________________________________________________________________
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_____________________________________________________________________________________

a

l

O

y

b.

P

R

C

m

P.

x

m.

   : i 1z z a b       C
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7. 

M

 M 
(2)

(2)

(2)

(4)

 
   

 k
   

 

 

3  
 1    2 

where k is a constant.

(a) Determine the value of 

(d) Determine the value of 
be solved.

 for which

1

6 5
1
3

is singular.

Given that k does not have the value found in part (a),

(b) determine M  in terms of k.–1

6x – 5y + 3z = p

4x + y – z = –5

x –3y + 2z = –7

 for which the following simultaneous equations can 

(c) Determine, in terms of the constant p, the solution of the simultaneous equations

6x – 5y + 3z = p

5x + y – z = –5

x –3y + 2z = –7

 

 

Given that p does not have the value found in part (d),

(e) interpret geometrically the failure of the solution of the simultaneous equations in 
part (d). 
Give a reason for your answer.

(2)
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________

_____________________________________________________________________________________
_____________________________________________________________________________________
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_____________________________________________________________________________________

k

p
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8. 

(2)

(3)

The line l1

The plane 

 has equation

 has equation

1   4
2

2x + y – 2z = 4

(a) Determine the coordinates of the point of intersection of l1  and 

The acute angle between l  and Π is θ degrees.1

(b) Determine the value of θ, giving your answer in degrees to one decimal place.

 Given that

•

•

• 

the line l  lies in Π2

the acute angle between l  and l  is θ degrees1 2

the line l  passes through the intersection of l  and Π2 1

 (c) determine an equation for l  giving your answer in the form r = a + μb where 2

a and b are constant vectors and μ is a scalar parameter.
(5)

_____________________________________________________________________________________
_____________________________________________________________________________________
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_____________________________________________________________________________________

_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________

Π

x y z

Π
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9.

Figure 2

(1)

(2)

(1)

(1)

(6)

E

A O

y

D

B

C

x

(Solutions relying on calculator technology are not acceptable.)

(c) State a limitation of the model.

Given that, for a different handle, CDE is part of a cross‑section of a sphere,

(e) explain how the model could be refined to take this into account.

When the handle was manufactured, 48 cm  of plastic were required.3

(d) Use this information and your answer to part (b) to evaluate the model, explaining 
your reasoning.

(b) Using algebraic integration determine the volume of plastic that would be required 
to make the handle, according to the model. Give your answer to the nearest cm .3

Figure 2 shows the central vertical cross‑section, AOBCDEA, of a plastic door handle.

In a model, the handle is formed by rotating the region bounded by the y‑axis, the 
line OB, the line BC, and the curve CD through 360° about the y‑axis.
The point B has coordinates (1, 0)

The units are in centimetres.

The curve CD is represented by the equation

x2 + 9(y – 4)  = 92 k � y � 5

where k is a constant.

Given that the point C has coordinates (1, k),

(a) determine the exact value of k according to this model.
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