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1.  M = 
3 7

4 1 2

x
x x+ −

⎛
⎝⎜

⎞
⎠⎟

 Find the range of values of x for which the determinant of the matrix M is positive.
(5)

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

↑
de+ (m o

x =anc d

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

de+ (m) = (3x)(2- x) - (7)(4x + 1)

= (6x - 3x2) - 128x + 7)

= Gx - 3x2 - 28x - 7

=
- 3x2 - 22x - 7

det (M) = - 3x2 - 22x - 7

Since det (m) > 0
,

- 3x2 - 22x-70

↑
solve quadratic inequality

- 3x - 22x - 70

3x2 + 22x + 70

(3x + 1)(x + 7) 0

x = - 5 or x = - 7

↑
Shade

---

part of

-711111111111 0
↓ since < 0

quadratic below

x-axis

-7(x - 7
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Leave 
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2. The complex numbers z1 and z2 are given by

z1 = 3 + 5i   and   z2 = –2 + 6i

 (a) Show z1 and z2 on a single Argand diagram.
(2)

 (b) Without using your calculator and showing all stages of your working,

  (i) determine the value of ½z1 ½
(1)

  (ii) express 
z
z
1

2

 in the form  a + bi, where a and b are fully simplified fractions.
(3)

 (c) Hence determine the value of arg
z
z
1

2

  Give your answer in radians to 2 decimal places.
(2)

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

a
.

m

- 2 + Gi
x6-

(72)5- X 3+ 5i

(z,)

-2 ↳ > Re

bi
.

(z,) = 13 + 5 i)

+1512

=

zi
multiply top and bottom

- by complex conjugate of denominator

V

ii. z1 = 3 + 5: x
- z- bi

= (3 + 5i)(z- bi)

72 -2 + Gi -z - Gi(-2 + 6i)(2- Gi)

=-6-18i-10i-30 ;
2

4 + 12i - 12i - 36i2

=
- 6 - 28i - 30(- 1)

4 - 36(- 1)
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Question 2 continued

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

=

- 6 - 28i + 30

4 + 36

= 24 - 28i

40

I 24
- 20i

= 3-

40 5 10

3
- ↑ i

5

c .

arg)) = arg)-i) using part (biil

alm

e = tan")
3/5 Re arg(z) = -o = -tant)g

>
(0

10 arg(z) = - 0 .8621700597

-Ti

↓ = - 0 -86' (2d . p. )
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3. The parabola C has equation  y2 = 18x

 The point S is the focus of C

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

 The point P, with  y > 0, lies on C

 The shortest distance from P to the directrix of C is 9 units.

 (b) Determine the exact perimeter of the triangle OPS, where O is the origin.

  Give your answer in simplest form.
(4)

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

a
. y 2 = 18x

y
= 4) x a=

foci : (a . 0

· / , 0)

S =1 , o

b. Directrx eq :
x=

y2 = 18x

mXt
(3)

X
P(x ,y)) , y) Focus-Directrx Property :

/unitsI (0) >
x PX XS

11 FSI1 = 11 SPII

FY9
, 0) focus P is point on directux

⑭ S is point on parabola

2 : - a directux

x = - 1

Due to focus-directix property ,
11 SP11 = 11SM/

& states 11PM11 = 9 · 11pm/l = 11Sp11 = 9

distance from y-axis to directix is coord. m to y-axis)

: distance from y-axis to P = units.

18
: X-word of P is
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Question 3 continued

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

we know llSp11 = 9 and know 3-word of Pso can use distance formulae to solve

for y-word of P.

IIspil:+ 19-0 : a

No+ 1y) = 9

-

: 9

y = 9

: Pl , a)

110011:-02 + 19-02

·

Perimete Ups = 11 Op11 + llPS11 + 11 S011

18= + a +
27 +au

=

2

: Perimetre OpS =
27 + q

2

* After solved
,

we realise the diagram is slightly incorrect-S is directly beneath P

however there is no way of knowing until diagram is drawn and courd-of P and s

are found out
.
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4. The equation

x4 + Ax3 + Bx2 + Cx + 225 = 0

 where A, B and C are real constants, has

• a complex root 4 + 3i

• a repeated positive real root

 (a) Write down the other complex root of this equation.
(1)

 (b) Hence determine a quadratic factor of  x4 + Ax3 + Bx2 + Cx + 225
(2)

 (c) Deduce the real root of the equation.
(2)

 (d) Hence determine the value of each of the constants A, B and C
(3)

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

3

a
.

For a cubic ea with form : ax +ba + <x + d
,

there are 3 roots.

There are 2 possibilities : 3 real roots

I real root and 2 complex roots / Conjugate pair

The other complex root must be the complex Conjugate of (c + 3 :)

L
flip sign of Imaginary component

4 - 3i

b .
(x - (4+3i))(x - 14 -3i)

(x - 4 -3i)(x- 4 + 3i)

= x2 - 4x+ix - 4x + 16 -xi -Six + (i - 9 :
2

= x
=

- xx - 4x + 16 - 9 ;
2

= x = 8x + 16 - 9)- 1)

= x2 - Bx + 25

x2 - 8x + 25

C. repeated root can be expressed as 1x-UK" where U is the

repeated root
.
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Question 4 continued

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

(x - 8x + 25)(x - r)

(x2 - 8x + 25)(x2 - 28x + 02)

x5 - 20x + ux" - 8x + 168x - 883 + 25x - 50rx + 2582

(1)x + ( - 2u - 8)x + (0+ 100 + 25)x + 1 - 802 - 500(x + 12587

compare wefficient to es above : (1) 1 = 1

(2) A = - 2u - 8

(3) B = 02 + 168 + 25

(4) c : 882- sor

(5) 225 = 2562

Use (5) to solve for U : 225 : 250

j2 = 225
v2 = 9

v == = = 3

However
,

2 States V IS positive : U = 3 only

real root = 3

9 sub U = 3 back into ea's 12) - 14) : (2) A =

- 2(3) - 8 = - 14

(3) B = (3) 2 + 16(3) + 25 = 82

(4) C : - 8(3)2 - 50(3) = - 222

A =
- 14

,
B = 82

, c = -222
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5.  P = 

1

2

3

2

3

2

1

2

−
⎛

⎝

⎜
⎜
⎜
⎜

⎞

⎠

⎟
⎟
⎟
⎟

 The matrix P represents the transformation U

 (a) Give a full description of U as a single geometrical transformation.
(2)

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

 (b) Write down the matrix Q
(1)

 The transformation U followed by the transformation V is represented by the matrix R

 (c) Determine the matrix R
(2)

 The transformation W is represented by the matrix 3R

 The transformation W maps a triangle T to a triangle T ′

 The transformation W ′ maps the triangle T ′ back to the original triangle T

 (d) Determine the matrix that represents W ′
(3)

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

asesineAnkclockwiserotation
/Given in formulae bota

*sesine

Equate the entres in the mathx : cose-E sind

sind =  =
wso =

tand=

= tan" (5)

8 : 60
·
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Question 5 continued

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

: Mathx P represents an anticlockwise rotation through 60
°

13sf) about 0.

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 M
Y

(i)
x

reflection in line
S

*

(d)
> x

y = x
>

10)
X

E
> x

(9)
Y

rewrite matrix but

/Identity matux I
L now replace coordinates

with their transformations

1 O new matux represents transformation
&

O - 1
In this specific orderJ J01 -10

a:

C. order : R = VU

m :To

R = (0)(z) + 1 - 1)(*)(0))8) + H)(2)=(-1)(z) + (0)(*) (-1)(8) + 107(2)

R=

a. We are trying to find (3R)

3r :Fr
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Question 5 continued

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

x =anc d

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

det (3r) = 1-3)() - 1-8)(-2)
=

- 9

det (3r) = - 9

x = Jab ,-
- b = - 1- ) = 3/2

- c = - 1 - z) = 3/2

(3r)" =-
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6. The quadratic equation

Ax2 + 5x – 12 = 0

 where A is a constant, has roots α and β

 (a) Write down an expression in terms of A for

  (i) α + β

  (ii) αβ
(2)

 The equation

4x2 – 5x + B = 0

 where B is a constant, has roots  3α
β

−   and  3β
α

−

 (b) Determine the value of A
(3)

 (c) Determine the value of B
(3)

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

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

Ax2 + 5x - 12 = 0
G

- A

x + x - = = 0

2 + B = - E

< B = -

i .

C + B = -

ii. <B =
- 1
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Question 6 continued

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

b
.

x2- (sum of roots (x + (product of roots) = 0

x - (c - - + B - z(x + ((c - 5) + (B - z)) = 0

x
- (c - - + B - 3(x + (a - 3 - 3 + 2) = 0

x - ( - - + B - 3(x + (B + = - 6) = 0

4x - 5x + B = 0

x- x + = = 0

C -

3 + B- =

c + B -
3

- 3 =X

|n + B) - 3) + 3)=

(x + p) -

3)(+B) =

() -3)) = 5

- - 3/z) = 5

-= +3))
5

=

5

- 2

-=

A =

-2

A = - 2



*P71099A02236*
22

 

 

  

Leave 
blank

Question 6 continued

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

c .

(a-)(B- )=

2B - 3 - 3 + 5=
9 B

- - 6 + 1 - 12/a)
=

a

z - 6 + 19-2)=

6 - 6 + (8) = 5
3

z=
2 1

3= B

6 = B

B = G
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7.  In this question you must show all stages of your working.

Solutions relying entirely on calculator technology are not acceptable.

 The rectangular hyperbola H has equation  xy = 36

 The point P(4, 9) lies on H

 (a) Show, using calculus, that the normal to H at P has equation

4x – 9y + 65 = 0
(4)

 The normal to H at P crosses H again at the point Q

 (b) Determine an equation for the tangent to H at Q, giving your answer in the form  
y = mx + c  where m and c are rational constants.

(5)

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

a. Differentiate rectangular hyperbola ea" writ . x :

xy = 36

y = 36 : 36x

: - 36x=

sub in point P14, 9) :

- 36 = - 9

10
, as 1932 &

Mtangent : -

Mnormal:

set up line equ y-y ,
= M(X-X , ) with M:

(X,, y, ) = (9, 9)

y - a = f(x - 4)

aly - a) = 4(x - 4)

ay - 81 = 4x - 16

4x - 9y + 85 = 0
, snown

b . Firstly ,
find word . Q -this is by solving 4x-9y + 65=0 and Xy

: 36

simultaneously.
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Question 7 continued

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

(7)4X - 9y + 65 = 0

(2) X y
= 36

(1) 4x-ay + 05 = 0 ) rearrange for 4x

4x = ay - 65

(2) <y = 36 2x4 on both sides

4(xy) : +(36) = 4xy = 144

4xy = 144 I sub te: gy-o5 into day : 1

lay - 65) y = 144

qy
=

- 65y = 149

Ay2 - G5y-14 = 0

lay + 16)(y - 9) = 0

orbelongs to paint p

now sub y =- into either (1) or 12) to find accord. of Q.

xy = 36

x(-) = 36

x==

: Q:)

Now use word. Q to find target
tol point Q

Differentiate rectangular hyperbola ea" wrt . x :

xy = 36

y = 36 : 36x

: - 36x=

sub in paintQ)
:

- 36 = - 64

) 729
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Question 7 continued

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

Mtangent:

set up line equ y-y .
= M(X-X , ) with M:

(x,, y1 ) = -,)

y -1-) : - (x - 1-2)

y + t= (x+

y +1. x - t

y =--

3=- -m=
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8.  f(x) = 2x
!
" !

!
!

2

3
1

2

1

3 5

5

2
x

x
 x ≠ 

5

3

 The table below shows values of f(x) for some values of x, with values of f(x) given to 
4 decimal places where appropriate.

x 1 2 3 4 5

f(x) 0.5 –0.2885 0.5834

 (a) Complete the table giving the values to 4 decimal places.
(2)

 The equation f(x) = 0 has exactly one positive root, α.

 Using the values in the completed table and explaining your reasoning,

 (b) determine an interval of width one that contains α.
(2)

 (c) Hence use interval bisection twice to obtain an interval of width 0.25 that contains α.
(3)

 Given also that the equation f(x) = 0 has a negative root, β, in the interval [–1, –0.5]

 (d) use linear interpolation once on this interval to find an approximation for β.

  Give your answer to 3 significant figures.
(3)

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

- 1 . 2401 0 . 1508

L looking for 1 interval,

not 2.

a +(2) = 21255 + &(2) - Scie -

E = - 124007095

If(x) = 2(d)5 + 74)- 314) - 5 -
= 0 . 1508133831

f(z) : - 1 . 2401 140 . p.

f(x) = 0 . 1508 14d . p.)

b . There is a sign change in interval (7 ,2] from positive to negative

there is also a sign change in interval [3 ,4] from negative to positive.

In order for there to be a root in the interval
,

there must be a sign change but

also the function must be continuous in that interval .
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Question 8 continued

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

f(x) = 2x 5
+ Ex -

3x 5
-

S
1 3x - 5 + 0

/

3x - 6

3x - 5 + 0

3x + -

X = =

f(x) is undefined at 2 = 5 : [1, 2] is not a suitable interval .

: root
, a

,
lies in 23 , 4)

1- ) 1 + (
C. 1st interval bisection : 3 + 4

: 3 .5
↓ I I

2
3 3 . 5 &

+(3. 5) = 0. 06422133271

2nd interval bisection : 3 . 5 + + : 3 . 75
1- ) 1 + (

↓ I I
2

3 .5 3. 75 &

f (3-75) = 0 . 04359533492

1- ) 1 + (

↓ I

3 .) 3. 75

3 . 54x43. 75
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Question 8 continued

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

d. Linear Interpolation :

x = af(b) - bf (a) for interval [a , b)

f(b) - f(a)

where < is the root

a = - 1b = - 0 . 5

B = - 1f(- 0 . 5) - - 0 . 5 f) - 1)

f(-0.5) - f(- 1)

f( - 1) = 2(55 + 2() - 3r
- 5

- E = - 5
1

f(-0.5) = 210. 555 + 270. 5) -

360 . 5) - 5
- = 0 . 5786482578

B = - 1(0 . 57861825 + 8) + 0.5)-5)

10 . 5786482578) - 1-8)

B = - 0 . 6990331068

B = - 0 . 699 135. % . )
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9. (a) Prove by induction that, for  n ∈ 

r
r

n
3

1

1

4=
∑ = n2(n + 1)2

(5)

 (b) Using the standard summation formulae, show that

r
r

n

=
∑

1
(r + 1)(r – 1) = 

1

4
n(n + A)(n + B)(n + C )

  where A, B and C are constants to be determined.
(4)

 (c) Determine the value of n for which

3 r
r

n

=
∑

1
(r + 1)(r – 1) = 17 r

r n

n
2

2

=
∑

(5)

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

a . 11) Base Case : Prove true for n = 1

us: r= (

Rus: 11)2(1 +1) = 1

LIS : RUS

: true for n : 1

12) Assume true for n = K :

:

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

k+ 1 K

Er = Er +I we are rewriting sum of(t) termso Into RHS : this is what we are

as the sum of (k) terms + (k+ 1)
*

trying to prove using (2) :

k+ 1

term - we can now use Step (2). Ern
=*2(k + 1)2 + (k +1) Make a note so we know

: (n+112(n2 + +(n + 1)]
what we are working towards

== (k +1)(n2 + 4n + 4)

: (k+ 1)2(k +2)

: * (k+ )(k+ 1 + 1)
2

: true for n = k +
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Question 9 continued

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

14) Conclusion

Hence result is true for n = K + 1
.

As true for n: 1 and have shown if true for n = K then it is

true for n = K + 1
,

so it is true for all NEIN by induction.

b. [r(r+ (r-1)=
V = 1

ston into 2S Summations

21 = n

=

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

i
V = 1

r = In(n+ 1)(2n+

1) in the formulae booklet

& r3= In+

* n2(n + 1)2 - En(n+1)

C factor out An(n+ 1)

n(n+1)[n(n+ 1) - 2]

= n(n+1)(n2 + n -2]

Yn(n + i)(n + 2)(n - 1)
,

A = 1B = 2 c = - 1

c
. 3rtl(-1) = 17

LKs :3-1) = 3 xn(n)(n +2)

: 3n(n+1)(n+ 2)(n - 1)

RKs : 17:17[

: 17 [G(2n)(2n + 1)(2(2n) + 1) - (n- 1)(n- 1 + 1)(2(n- 1) + 1)]
: 17 (5(2n) (2n +1)(9n+ 1) - -(n-1) (n)(2n - 1)]
:n(2(an+1)(9n+1) - (n-1)(2n- 1)] G factor out In

: En[2(8n2+ on + 1) - (2n- 3n + 1)]
= En(16n2+ 12n + 2 - 2n + 3n - 1)
= En(14n2 + 15n + 1]
: (n((4n + 1)(n + 1)
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Question 9 continued

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

equate Ins = RHS now.

n(n+ )(n+2)(n- 1) = En(14n +1)(n+1)

n(nH)(n+2)(n -1) - (n(14n+)(n+ 1) = 0

C factor outen(n+1)

↑ n(n +1) (9(n+2)(n- 1) - 34(74n + 1)) = 0

En(n + 1)[9(n+ n - 2) - 476n - 34) = 0

En (nH) [an+ an -18 - 476n - 34] = 0

En(n+1) [an2- 467n - 52) = 0

En(n+ 1) (an + 1)(n - 52) = 0

:n = 0
, n = 1

,
N = -

,
or

,
n = 52

n must be a positiveInteger ,
i n : 52

n = 52


