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1 The cubic equation x bx cx d 03 2+ + + =  , where b, c and d are constants, has roots a, b and c . It is given that
,

,
.

5
19
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2 2 2

1 1 1

a b c
a b c
a b c

+ + =
+ + =-
+ + =- - -

 (a) Find the values of b, c and d. [5]
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 (b) Find the value of 3 33a b c+ + . [2]
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2 The matrix M is given by M 2
2

2
2

10 2121
21

21
21

= -f ep o.

 (a) The matrix M represents a sequence of two geometrical transformations in the x-y plane. 
  Give full details of each transformation, and make clear the order in which they are applied. [4]
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 (b) Find the equations of the invariant lines, through the origin, of the transformation represented by M. [5]
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3 The matrices A, P and D are given by 
 , ,A P D87 54 57 33 10 03= -- = =e e eo o o .

 Prove by mathematical induction that, for all positive integers , A PD Pn n n 1= - . [7]
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4 (a) By considering ( ) ( )r r2 1 2 14 4+ - - , use the method of differences to prove that   
    ( ) .r n n 1

r

n 3
1 41 2 2= +

=
/  [6]
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  Let ( )S n1 2 3 4 1n n3 3 3 3 1 3f= - + - + + - + .
 (b) Show that ( )S n an bn2 2= + , where a and b are integers to be determined. [3]
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5 The curve C has polar equation secr2 2i i=  , where r0 31G Gi  .
 (a) Sketch C and state the greatest distance of a point on C from the pole. [2] 
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 (b) Find the exact value of the area of the region bounded by C and the half-line r31i = . [5]
 ............................................................................................................................................................
 ............................................................................................................................................................
 ............................................................................................................................................................
 ............................................................................................................................................................
 ............................................................................................................................................................
 ............................................................................................................................................................
 ............................................................................................................................................................
 ............................................................................................................................................................
 ............................................................................................................................................................
 ............................................................................................................................................................
 ............................................................................................................................................................
 ............................................................................................................................................................
 ............................................................................................................................................................
 ............................................................................................................................................................
 ............................................................................................................................................................
 ............................................................................................................................................................
 ............................................................................................................................................................

* 0000800000010 *

DO
 NO

T W
RIT

E IN
 TH

IS M
AR

GIN
     

     
     

   D
O N

OT
 WR

ITE
 IN 

TH
IS M

AR
GIN

     
     

     
   D

O N
OT

 WR
ITE

 IN 
TH

IS M
AR

GIN
     

     
     

   D
O N

OT
 WR

ITE
 IN 

TH
IS M

AR
GIN

     
     

     
   D

O N
OT

 WR
ITE

 IN 
TH

IS M
AR

GIN

DFD



11

9231/13/M/J/26© Cambridge University Press & Assessment 2026 [Turn over

 (c) Show that C has Cartesian equation ( )tany x x2= , where rx0 331G G . [3]
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 (d) Using your answer to 5(b), deduce the exact value of ( )tanx x xdr 2
0

331y . [3]
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6 The curve C has equation y x xx 112= + ++ .
 (a) Show that C has no vertical asymptotes and state the equation of the horizontal asymptote. [2]
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 (b) Find the coordinates of any stationary points on C. [3]
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 (c) Sketch C, stating the coordinates of the intersections with the axes. [3]

 ............................................................................................................................................................

 (d) Sketch the curve with equation y x xx 112= + ++ . [2]
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 (e) Find in exact form the set of values of x for which x xx 11 312 1+ ++ . [4]
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7 The plane P  has equation ( ) ( ) .r j i j js t2 3k ki= + + - + - + -
 (a) Obtain an equation of P  in the form ax by cz d+ + = . [4]
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 (b) The point P has position vector ( ) ( ) ( )6 6 1 2 5i j ki i i+ + + + + .
  Find the set of values of i for which the perpendicular distance of P from P  is less than 6. [4]
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 (c) Find an equation for the common perpendicular to the lines ( )r j k2m= +  and ( )r i j k2 3k in= + + - + - . [8]
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