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1 The cubic equation x x xp2 5 03 2+ - - = , where p is a positive constant, has roots , ,a b c .

 (a) State, in terms of p, the value of ab bc ca+ + . [1] 

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

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

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

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

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

 (b) Find the value of 2 22a bc ab c abc+ + . [2]

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

a b c d

Br or I

9Br r β r

1 1
E
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 (c) Deduce a cubic equation whose roots are , ,ab bc ac . [1]

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

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

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

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

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

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

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

 (d) Given that 2 2 2
3
1a b c+ + = , find the value of p. [2]

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

4m 2pa 5N 25 0

8 13 8 Gtptr 2 apart Br
2 I
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2 Prove by mathematical induction that 6 38 2n n4 + -  is divisible by 74 for all positive integers n. [6]

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

for K I

64 38 2 1296 38 2 1332 74118

Suppose true for n k

64k 38k 2 741

Prove true for n Ktl

64ᵗʰ 38kt 2
64.6 38 38 2 129564 37 38k f k
1296 6 38 38 2 is divisible by74
1295 1 64kt 37 1 38k 2

1295.64k 37 38k 64k 38k 2

37 35.6 38k 741
3712m 741

74 mtl
thus divisible by 74

Hence induction is complete
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 ....................................................................................................................................................................

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

 ....................................................................................................................................................................
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3 (a) Use standard results from the list of formulae (MF19) to show that

    ( ) ( ) ( ) ( ) ( ) .r r r N N N N1 3 4 1 2 9 19
r

N

1
12
1+ + = + + +

=

/  [3]

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

1177138 4 3r 7r fhr

3 t 4

N NH t If N NH INT 2N NH

IN NH 9N NH 14 2N 1 24

N Ntl 9N't 9N 28N 14 24

42N NH 9N 37N 38

IN NH Nt 2 9N 19
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 (b) Express ( )r r
r
1

3 4
+
+  in partial fractions and hence use the method of differences to find

    ( )r r
r
1

3 4
4
1

r

N r

1

1

+
+

=

+e o/
  in terms of N. [4]

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

 (c) Deduce the value of ( )r r
r
1

3 4
4
1

r

r

1

1

+
+

3

=

+e o/ . [1]

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

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

ACH Br 38 4
Let 8 0 let r 1

A 4 B I

i is't
114

L 4 E t 11

5 8
r 3 148 2561
6 4 f
r 5 f t
rn 1 X LET
r N H

T.tn tH

4 4 As N to
i
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4 The matrix M is given by 0M 3
3 14 0

1
2
1

2
1

2
1

2
1=

-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]

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

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

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

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

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

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

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

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

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

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

 (b) Write M 1-  as the product of two matrices, neither of which is I. [2]

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

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

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

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

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

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

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

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

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

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

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

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

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

Tc

Stretch parallel to x axis factor 14

followed by
73 rotation Acw about origin

M AB

M AB
M B A

bin

1 Er E
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 (c) Find the equations of the invariant lines, through the origin, of the transformation represented 
by M. [5]

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

 (d) The triangle ABC in the x-y plane is transformed by M onto triangle DEF.

  Given that the area of triangle DEF is cm28 2 , find the area of triangle ABC. [2]

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

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

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

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

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

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

M E

E 9 4

7 n By m 713
7532 y Y
Y MX M 253

7

14
m y 2s

y 7 a

that 7mn Emry
7 Ba 7mn by ImBy 0

7532 7mn 1mn IMB ma 0

2m43 a 132mn 753 a 0

1253m 132Mt 753 0

53m 13Mt 1453 0

det M 7
237

14

14 ABC 28
ABC 2cm
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5 The points A, B, C have position vectors

    i j k2 2 4+ + , i j k2 4+ - , i j k3 3 4- - + ,

 respectively, relative to the origin O.

 (a) Find the equation of the plane ABC, giving your answer in the form ax by cz d+ + = . [5]

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

GA 05

AB OB OA 24th K ki 2j 4k
ABS 2j 5k

AC OT OA 31 3 4k 21 2j 4k
AT 51 5

BE OT OB 31 3 4K Zi hjtk
BE 51 7j 5K

ñ
251 25 10k

E
antby cz d

52 by 22 d

512 5 2 24 8

5kt 5y 27 8
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 The point D has position vector i j k2 3+ + .

 (b) Find the perpendicular distance from D to the plane ABC. [2]

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

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

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

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

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

 (c) Find the shortest distance between the lines AB and CD. [5] 

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

D 1 512 511 2 3 81

5722

In 0953

1 1 1

ñ 181 25 10k 1

dot F25F10 10495

F to
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6 The curve C has equation y x
x ax

2
12

=
+
+ + , where a 2

52 .

 (a) Find the equations of the asymptotes of C. [3]

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

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

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

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

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

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

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

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

 (b) Show that C has no stationary points. [4]

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

N 2 0

n 2 VA

an

U n anti V nt2

U 2ata U I

v

Mt2 data a'tanti
9 212

2274 42 29 22 apr I

4142m
bloc

42 4629 1
16 89 4O

T 20 89

incea0

20 8940

SO NO SOUUTION

n 4n 29 1 0
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 (c) Sketch C, stating the coordinates of the point of intersection with the y-axis and labelling the 
asymptotes. [3]

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

 (d) (i) Sketch the curve with equation y x ax
x

1
2

2
= + +

+
. [2]

  (ii) On your sketch in part (i), draw the line y a= . [1]

  (iii) It is given that x
x ax a2

12
1

+
+ +  for x5 14 31 1- - -  and x5 14 31 1- + .

   Find the value of a. [2]

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

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

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

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

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

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

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

yet 5

1

Intercept 0,12

9 1 I
a

8 7 3

27april anf2a a tanH an 29

m 1 29 0 n t 2am 1 29 0

n Ifac n zE
n FI n atra

n F 1212

a Fa l Cns Ray
at Fat casta l

a Fat e a 5
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7 The curve C has polar equation r r( ) ( )tanr2 1i i= - -- , for r0 G Gi .

 (a) Sketch C and state the polar coordinates of the point of C furthest from the pole. [3]

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

 (b) Using the substitution ru i= - , or otherwise, find the area of the region enclosed by C and the 
initial line. [7]

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

374 2 Alm
i

fi

Atari'a 0 OR 19916,0

A fr d0 a A O

1T Otani A 0 do an I do

A 6 taila 0 do u tain u u

utan.lu du n z v 12m
0

Eitan 1 2 918
Guitar u du

futantuttyf.tt I an

fu tain t I du

u tan u f u tain

4Ham t 41A tank to tanto 0 tanto

2.65 1 2.651

A 2 65
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 (c) Show that, at the point of C furthest from the initial line,

    r r
r

r
r( ) ( )

( )
( )tan cot tan2

1
01

2
1i i i

i

i
i- -

-
- --

+
- =- -

  and verify that this equation has a root for i between 1.2 and 1.3. [5]

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

r A 0 tan A 0 yersino r
n

r Titania o

y Fattanto since

finathis resino

4 4 0 tan a 0,12
v cost

a ca oltantcaof.ly Ip tan cn os

dy Jan5 coso r a 1 1 05 taila d sina.co
2 mar

21A 0 tan A 0 cota_

g
tan ca 0 0

2 a 1 2 tan a 1 2 cot iz tan14 1 2 0151

2 A 1 3 tan A 13 cotll tanya 1 3 0 795

The signs change so a root exists b w 1.2 1.3


