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

1. Use the standard results for r
r

n

=
∑

1
 and for r

r

n
3

1=
∑  to show that, for all positive integers n,

r r n
r

n

( )2

1
3

4
− =

=
∑ (n + a)(n + b)(n + c)

 where a, b and c are integers to be found.
(4)
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Question 1 continued
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(Total for Question 1 is 4 marks)
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/r"-3)-
can split summation&

Into 2.

-r
r

L factor 3 out summation

-3 Summations

21 = n

=

Sr = (n(n+ 1) I must learn !

= In
2

In+ 11 - 3 [2n(n + 1)] i r = In(n+ 1)(2n+

1) in the formulae booklet

= In
=2 In+

2
- En(n+ 1)

C. factor outIn (n + 1)

= zn(n + 1)[n(n+ ) - G]

: * n(n +) (n2 + n - G]

= In(n+1)(n+ 3)(n - 2)

: *In - 2)(n +1)(n+ 3)
,

a = 2 b = 1 c = 3
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2. A parabola P has cartesian equation y2 = 28x.  The point S is the focus of the parabola P.

 (a) Write down the coordinates of the point S.
(1)

 Points A and B lie on the parabola P.  The line AB is parallel to the directrix of P and cuts 
the x-axis at the midpoint of OS, where O is the origin.

 (b) Find the exact area of triangle ABS.
(4)
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Question 2 continued
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(Total for Question 2 is 5 marks)
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a. y2 = 28x

y2 = 4(7)x a = 7

focus : 17, 0

Paint S : (7, 0

b. Directux of P : x = - 7

Sketch parabola and directix
,

then label points : A
,
B ,

S.

y2 = 28x

AX

midpant of 0S : (0+ 7
, 00

· ( , 0
O ↑ YS(7, 0)

BX :
line AB Crosses through point

( , 0
x = - 7

we know since line AB Crosses through (EI0)
,

both A and B haveCl-coord : E

sub e : E into parabola equ to get y-words.

y2 = 28(z)

y2 = 98

y == = 17
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2. A parabola P has cartesian equation y2 = 28x.  The point S is the focus of the parabola P.

 (a) Write down the coordinates of the point S.
(1)

 Points A and B lie on the parabola P.  The line AB is parallel to the directrix of P and cuts 
the x-axis at the midpoint of OS, where O is the origin.

 (b) Find the exact area of triangle ABS.
(4)
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Question 2 continued
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(Total for Question 2 is 5 marks)
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Graphically, y-word of A is the : Al
, 7)

y-word of B IS-ve. : Bl ,

- 7)

A(E , 7)
A

192 , , S(7, 0)

BE
,

- 7)

AABS:Xkx
·ant

2

Area ofMangle ABS = Part units
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3.

f (x) = x2 + 
3
x

− ��      x < 0

 The only real root, α, of the equation f(x�   � lies in the interval >−�� −�@�

 (a� 7aNinJ −��� as a first approximation to α, apply the Newton-Raphson procedure once 
to f(x) to find a second approximation to α, giving your answer to 2 decimal places.

(5)

 (b) Show that your answer to part (a) gives α correct to 2 decimal places.
(2)
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Question 3 continued
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(Total for Question 3 is 7 marks)
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a
.

X1 = - 1 . 5

we are looking for 29 approximation (Xa)

Numerical Sols of Eas :

Newton-Rhapson Iteration for solving f(x) = o

Xn + 1
= Xn - f(Xn)

f'(xn)

From Newton-Raphson Iteration : Xz = X
,

- f(x)

f'(X, )

(1) must find f(Xi) by subbing in X , (1. 5) into f(x)

12) must find f'(x1) by differentiating f(x) and subbing in X, 1-1. 5) into f'(x).

(1) f ( - 1 - 5) = (-1 .52 + 3 - 1 =3

(1 - 5) 4

(2) f(x) = x+ - - 7

rewrite as indices :

f(x) = x + 3x" - 1

f'(x) = 2x - 3x2

6'H · 5) = 21-5) - 36 ·52 =

-
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3.

f (x) = x2 + 
3
x

− ��      x < 0

 The only real root, α, of the equation f(x�   � lies in the interval >−�� −�@�

 (a� 7aNinJ −��� as a first approximation to α, apply the Newton-Raphson procedure once 
to f(x) to find a second approximation to α, giving your answer to 2 decimal places.

(5)

 (b) Show that your answer to part (a) gives α correct to 2 decimal places.
(2)
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Question 3 continued
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(Total for Question 3 is 7 marks)
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Xa = ( - 15) -
1-=)
(-3)

Xz = -

x = - 1 . 67(2d-p. )

o. find upper and lower bound of C = -1. 67 to 2 d . p.

LB UB

I I I I I

- 1 . 68 + - 1 . 67 ↑ - 166

- 1.075 - 1.665

Find FILB) and FlUB)

f(-1 . 675) = (-6752 +
3

- 1 = 0 . 01458022388 /LB)
1-1 . 675)

+ ( - 1 . 665) = 16652 + 3 - 1 = - 0 . 0295768018 (UB)
(-1 . 665)

There is a sign change from positive to negative and f(x) is

Continuous ,: a root is < = 1 . 67 12 d . p.
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4. Given that

A =
− +

⎛
⎝⎜

⎞
⎠⎟

k
k

3
1 2

, where k is a constant

 (a) show that det(A) ��0 for all real values of k,
(3)

 (b) find A−� in terms of k.
(2)

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

Leave 
blank

9

Turn over*S59759A0932*

 
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 4 continued
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a x =anc d

def(x) = (a)(d) - (b)(c)

det (A) : (k)(k + 2) - (3) ( 1)

= n2 + 2n - 1-3)

= k2 + 2k +3

det (A) = k2 + 2x + 3

n2 + 2v t 3

= (n + 12 - 1 + 3 & complete the square

= (k + 1)2 + 2

(
for all values of K

, positive or negative ,
(k + 12 + 2 O always

:
det (A) O for all real values of K.

b .
x=b

,-

- b = - (3) =
- 3

- c = - (- 1) = 1

A =>- 3

n2 + 2n + 3 1 k
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5.
2z + z* = 

3 4
7

+
+

i
i

 Find z, giving your answer in the form a + bi, where a and b are real constants.  You must 
 show all your working.

(5)
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Question 5 continued
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(Total for Question 5 is 5 marks)
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let z = a + bi

z
*

Is the complex conjugate of Z.

L
flip sign of Imaginary component

z
*

= - bi

2z + z
*

= 3

2(a + bi) + (a - bi) = 3

2a + 2bi + a - bi = 3

3a + bi = 3

3 + 4i

Rewrite 7 + i In form atbi :

multiply top and bottom by

S Complex conjugate of denominator

3 + 4i 7 - i T
(3 +xi)(7 -i)

7 + i
*

7 - i (7 +i)(7 - i)

= 21 - 3i + 28i - xi2

49 - 7i + 7i - i

= 21 - 4(- 1) + 25 ;

49 - 1-1)

: 25 + 25i

58

: (25)(1 + i)

125)(2)

=
1 + i

2

* + 1i - In the form a + bi
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5.
2z + z* = 

3 4
7

+
+

i
i

 Find z, giving your answer in the form a + bi, where a and b are real constants.  You must 
 show all your working.

(5)
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Question 5 continued
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3a + bi
=2 + zi

Equate the real components and Imaginary components
:

3a = E bi = i

a = t b=

: z = y + zi
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6. The rectangular hyperbola H has equation xy = 25

 (a) Verify that, for t v 0, the point P t
t

5 5,  ⎛
⎝⎜

⎞
⎠⎟  is a general point on H.

(1)

 The point A on H has parameter t = 1
2

 (b) Show that the normal to H at the point A has equation 

8 2 75 0y x− − =
(5)

 This normal at A meets H again at the point B.

 (c) Find the coordinates of B.
(4)
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a. sub in P15t , ) e = 5t
, y : = into xy = 25 equ

xy = 25

(5x)/2) = 25

:
point P is a general point on H.

b . sub in t = into Pant P15t , El to find coordinates of point A.

A : /5/2) ,
A : /E , 10)

Differentiate rectangular hyperbola ,
H wirt . L ..

xy== 250

-25

sub in word. A ( , 10) :

(e) T
=

M
+angent

= -I

Mnormal =
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6. The rectangular hyperbola H has equation xy = 25

 (a) Verify that, for t v 0, the point P t
t

5 5,  ⎛
⎝⎜

⎞
⎠⎟  is a general point on H.

(1)

 The point A on H has parameter t = 1
2

 (b) Show that the normal to H at the point A has equation 

8 2 75 0y x− − =
(5)

 This normal at A meets H again at the point B.

 (c) Find the coordinates of B.
(4)
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Question 6 continued
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set up line equ y-y .
= M/X-X, ) with m : "

(x,, y , ) = (2 , 10)

y-10 : [(x-E)
(multiply both sides by a

4(y - 10) = x - z

4 y - 40 = X - 2 multiply both sides by 2.

2(4y - 40) = 2(X - 2)

By - 80 : 2x - 5

By-2x- 75 = 0
,

shown

C . 1) normal equ : By-2x-75 = 0

12) rectangular hyperbola ea" :

Xy = 25

solve these I ea's simultaneously to find paints of intersection /word . A and B)

(2) Xy = 25 (multiply both sides by 2

2(xy) = 2(25)

2xy = 50

11) By-2x-75 = 0 ( rearrange for 20

8y - 75 = 2x

(8y-7s)y = 5 sub in 11) into 12) .

By2-75y = so

By2 - 75y - D = 0

ly - 10)(8y + 5) = 0

y :
10 or

-

word .A sub into either eg" 11) or (2)

to finda-coordI
x( -8) : 25

X = 25 + - E

X = - 40

: B : 1- 40, :)
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7.

P =
−⎛

⎝

⎜
⎜
⎜

⎞

⎠

⎟
⎟
⎟

5
13

12
13

12
13

5
13

  

 (a) Describe fully the single geometrical transformation U represented by the matrix P.
(3)

 The transformation V, represented by the 2×2 matrix Q, is a reflection in the line with 
equation y = x

 (b) Write down the matrix Q.
(1)

 Given that the transformation V followed by the transformation U is the transformation T, 
which is represented by the matrix R,

 (c) find the matrix R.
(2)

 (d) Show that there is a value of k for which the transformation T maps each point on the 
straight line y = kx onto itself, and state the value of k.

(4)

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

Leave 
blank

17

Turn over*S59759A01732*

 
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 7 continued
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refers to

S matrx R

ase-sine Anticlockwise rotation /Given in Formulae boota

throughI about 0

*so sin-

Equate the entres in the mathx : cosei sind=3

sind

tanc = 12

5

= tan" (5)

8 : 67 . 380135050

: Mathx P represents an anticlockwise rotation through 67 . 4 13sf) about 0.
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 (a) Describe fully the single geometrical transformation U represented by the matrix P.
(3)

 The transformation V, represented by the 2×2 matrix Q, is a reflection in the line with 
equation y = x

 (b) Write down the matrix Q.
(1)

 Given that the transformation V followed by the transformation U is the transformation T, 
which is represented by the matrix R,

 (c) find the matrix R.
(2)

 (d) Show that there is a value of k for which the transformation T maps each point on the 
straight line y = kx onto itself, and state the value of k.

(4)
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b . Start by drawing a coordinate axis and mark coordinates 1) and (i)

then transform both of these coordinates by transformation / reflection in line y = x (

Ya Y
M y = x

(i (i
X X

both 15) and (i) undergo &
*

(d)
> x

reflection across y = x

> *

(d)
> x

Identity matrix I rewrite matrix but

S ↓ now replace coordinates

with their transformations

1 O new mathx represents transformation Q 01
In this specific orderJ & J01 10

a=

C . order : T = UV

manx : R = PQ

m=

m :T

m=

·

ID
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Question 7 continued
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(Total for Question 7 is 10 marks)

198 Pearson Edexcel International Advanced Subsidiary/Advanced Level in Mathematics, Further Mathematics and  
Pure Mathematics – Sample Assessment Materials (SAMs) – Issue 3 – June 2018 © Pearson Education Limited 2018

(1) - Ex + Exx = x

(2) =x+x = kx

(1) - E x + 54x = 0

isx) - 25 + 54) = 0

ix = 0 - 25 + 54 = 0

5x = 25

u = 5

(2) =x - 14x = 0

+ x(5 - k) = 0

+x = 05 - k = 0

k = 5

Both ea's confirm K = 5,

... k = 5
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8.
f(z) = z z z az b4 3 26 76+ + + +

 where a and b are real constants.

 Given that −3 + 8i is a complex root of the equation f(z) = 0

 (a) write down another complex root of this equation.
(1)

 (b) Hence, or otherwise, find the other roots of the equation f(z) = 0
(6)

 (c) Show on a single Argand diagram all four roots of the equation f(z) = 0
(2)
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Question 8 continued
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a
.

For a quartic ea with form : ax +ba + cx2 + dx + e
,

there are a roots.

There are 3 possibilities
: ↑ real roots

2 real roots and 2 complex roots / Conjugate pair

↑ complex roots 12 conjugate pairs) .

The other complex root must be the complex conjugate of 1-3 + 0 :)

&
flip sign of Imaginary component

- 3- 8i

b .
(z - 1 - 3 =8i))(z - 1 -3 -8i))(pz + qz + r)

(z + 3 - 8i)(z + 3 +8i)(pz + qz + v)

(z2 + 3z +iz + 3z + 9 +Xi -Giz -(i - 64i2)(pz + qz + r)

(z" + 6z + 9 - 64(1))(pz2 + az + r)

(z2 + 67 + 73)(pz + az + r)

pz + qz8 + vz" + 6pz + Gaz" + GVz + 73pz + 73qz + 73r

(p(z" + (g + bp)z3 + (v + 6q + 73p)z + (6r + 73q)z + (73r)

equate coefficients with f(z) : (1) p : 1

(2) a + 6p = 6

(3)V + 69 + 73p = 76

(c) Gr + 739 = a

15) 73r = b
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8.
f(z) = z z z az b4 3 26 76+ + + +

 where a and b are real constants.

 Given that −3 + 8i is a complex root of the equation f(z) = 0

 (a) write down another complex root of this equation.
(1)

 (b) Hence, or otherwise, find the other roots of the equation f(z) = 0
(6)

 (c) Show on a single Argand diagram all four roots of the equation f(z) = 0
(2)
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Question 8 continued
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(2) a + 6p = 6

q + 6(1) = 6

9 + 6 = 6

q = 0

(3)v + Ga + 73p = 76

V + G(0) + 73(1) = 76

V + 73 = 76

V = 3

quadratic factor ,
z2 + 3

z2 + 3 = 0

z2 = - 3

z = =f

=3)

·
·Bi

z = =Bi

C
. Im

X
- 3+ 8i

x5i

> Re

x
- 5i

(NOT DRAWN TO SCALE
- 3 - 8ix
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9. The quadratic equation 
2x2 + 4x −3   �

 has roots α and ȕ.

 Without solving the quadratic equation,

 (a) find the exact value of 

  (i) α2 + ȕ2

  (ii) α3 + ȕ3

(5)

 (b) Find a quadratic equation which has roots ( 2α β+ ) and ( 2β α+ ), giving your 
  answer in the form ax2 + bx + c = 0, where a, b and c are integers.

(4)
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Question 9 continued
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a x2- (sum of roots (x + (product of roots) = 0

let < , B be roots of quadratic

x2 - (x + B(x + (B) = 0

sum of roots : x + B

product of roots : GB

2e + 4x - 3 =

02 + 2

x2 + 2x - 2 = 0

x + B = - 2

cB = - 3

i
.

c + B2 = ( + B) - 2aB

= ( - 2) - 2) - 2)

= 7

22 + B2 = 7

ii.
C3 + B3 = (d + B(3 - 32B(c + B)

= ( -2) - 3) - z)) - 2)

=

- 17

23 + B3 = - 17
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9. The quadratic equation 
2x2 + 4x −3   �

 has roots α and ȕ.

 Without solving the quadratic equation,

 (a) find the exact value of 

  (i) α2 + ȕ2

  (ii) α3 + ȕ3

(5)

 (b) Find a quadratic equation which has roots ( 2α β+ ) and ( 2β α+ ), giving your 
  answer in the form ax2 + bx + c = 0, where a, b and c are integers.

(4)
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Question 9 continued
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b . x2 - (sum of roots) x + / product of roots) = 0

x - (c + B + B + x(x + (( + B) x(B +x)) = 0

x - (c + B + a + B)x + (c B + c + B + cB) = 0

x
2 - (x2 + B + x + B(x + ((p) + xB + 23 + B3) = 0

S L
use ans from use ans

part (ai) from part (aii)

x - ((7) + 1a))x + (( - z) + ( - z) + 1- 17)) = 0

x - 5x - - = 0

x2 - 5x - - = 0xc
?

& x
2

- 20x - 65 = 0 =
all integer coefficients

&x - 20x - 65 = 0a = 4
,
b = - 20

,
2 = - 65



Leave 
blank

28

*S59759A02832*

 
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

10. (i) A sequence of positive numbers is defined by

  u1 = 5
 un+1 = 3un+ 2,       n  1

  Prove by induction that, for n ��+,

   un = 2 × 3( )n − �
(5)

 (ii) Prove by induction that, for n ��+,

                                       

4
3

3 3 2
3

1

r n
r

r

n

n

=
∑ = − +( )

(6)
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Question 10 continued
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i
.

(1) Base Case : Prove true for n = 1

un = 2x(z) - 1 = 5

U ,
= 5

the for n = 1

12) Assume true for n = K :

Un = 2x(3)" - 1

13) Prove true for n = k + 1 : Thinking ahead ,
sub in n k + 1

Un+ 1
= 3Un + 2

& sub Un assumed true from Step 12) into Un-this is what we are

= 3(2x(3) - 1) + 2
trying to prove using

(2) :

= 3(2(3)" -1) + 2 Un + 1
= 2 x(z)"

*

- 1
L expand 3 to the brackets

= (2)(3)(34) - 3 + 2 Make a note to the side so we

= (2)(31'13 -

1(index laws : amxa"-am
+

know what we are working

= 2(3)k+

- 1 34yz1 z
+ 1

towards
.

: 2x3*
- 1 : true for n = k + 1

14) Conclusion

If this result is true for n = K
,

then it is true for n = K + 1. . As the result has been shown to be

true for n = 1
,

then the result is true for all n.
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10. (i) A sequence of positive numbers is defined by

  u1 = 5
 un+1 = 3un+ 2,       n  1

  Prove by induction that, for n ��+,

   un = 2 × 3( )n − �
(5)

 (ii) Prove by induction that, for n ��+,

                                       

4
3

3 3 2
3

1

r n
r

r

n

n

=
∑ = − +( )

(6)
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Question 10 continued
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ii. (1) Base Case : Prove true for n = 1

Ins:

Rus : 3- 13+2(1

LHS = RIS

the for n = 1

12) Assume true for n = K :

- (3 + 2x)
K

3

k+1+ & we are rewriting sum of(K+ 1) terms In to RHS : this is what we are

13) Prove true for n = k + 1 :

as the sum of (4) terms + (k+1) I
Thinking ahead ,

sub in n = k + 1

th

= 3 -

13

+2) In term - we can now use step (2).
tryingprove using,
Make a note so we know

= 3 - 13
+2) + 1

what we are working towards

3(3)(34) - 3(3+ 24) + 4n + c

3(34)

= 3(34) - a - 0x + 4k + 4

k + 1

3

: 3(z"+ ) - 2x = 5

k+/

3

-2

= 3 - 3 + 2k + 2

zk+ 1

= 3 - 3 + 2(k + 1) = true for n = R+ 1

zk+ 1
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Question 10 continued
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Question 10 continued
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14) Conclusion

If this result is true for n = K
,

then it is true for n = K + 1. . As the result has been shown to be

true for n = 1
,

then the result is true for all n.


