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1.

M !
"
" "

#

$
%

&

'
(

2 1

7 4

k k
k k

kwhere  is a constant

 (a) Show that M is non-singular for all real values of k.
(3)

 (b) Determine M–1 in terms of k.
(2)
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_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________
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_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

a. Matrix M is non-singular E det (m) + 0

* We are trying to show that def (m) 0 for all KER *

: start by finding det (m)

x =anc d

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

det (m) = (2k + 1)(n + 4) - (k)(k +7)

= (2n2 + an + 4) - (n2+ 74)

= 2x2 + 9n + 4 - k2 -7

= k2 + 2x + 4

de+ (M) = 43 + 2n + a

= (n + 12- 1 + 4) comp
= (x + 1)2 + 3

Notice that all for all values of K
, positive or negative ,

(k + 112 = 0
.

: (k+ 1)" + 3 = 3

The smallest value of det(m) = 3 when k = -1

: def(m) is non-singular for all real values of K.

b
.

x = Jab ,-

- b = - (k) = - k

- c =
- (k + 7) = - k - 7

M"Ent
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  

2.

f (z) = 2z3 + pz2 + qz – 41

 where p and q are integers.

 The complex number  5 – 4i  is a root of the equation f(z) = 0

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

 (b) Solve the equation f(z) = 0 completely.
(4)

 (c) Determine the value of p and the value of q.
(2)

 When plotted on an Argand diagram, the points representing the roots of the equation 
f(z) = 0 form the vertices of a triangle.

 (d) Determine the area of this triangle.
(2)

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

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(5-4:)
L

flip sign of Imaginary component

5 + 4i

b . (z - 15 - ti))(z - (5 + xi))(z - x)
, where v is a root

(z - 5 + xi)(z - 5 -di)(z-2)

(z2- 5z -Xiz - 5z + 25 + 20i +xiz -20i - 16i)(z - u)

(z2 - 10z + 25 - 161x))(z - u)

(z2- 10z + 41)(z -r)

z3 - 1022 + 41z - Vz2 + 100z - 4/2

(1)23 + 1 - 10 - u)z2 + (4) + 108)z + ( - 4/ 2)
2x2

(2(z + 1 - 20 - 20(z + 182 +20r)z + 1 - 820)
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Question 2 continued

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________
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_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

equate coefficients to f(z) : (1) 2 = 2

(2) - 20 - 2u = P

13) 82 + 200 = G

(4) - 82u = - 4)

use 141 to solve 8 : -820 : -41

8 : -

V=

z = 5 1 4i,

2.sub U : E back into (2) and 13) to find p and a

(3) - 20 - 28 = p (4) 82 + 200 = q

- 20 - 2(z) = p 82 + 20(2) : g

p = - 21 9 = 92

p = - 21 , 9 = 92

d . im
5 + 4i

X

x > Re

9/2 !
/NOT DRAWN TO SCALE)

Y
5 - 4i

DAOT = Ex * X8 = 18

A AOT = 18 units
?
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  

3. The hyperbola H has equation  xy = c2  where c is a positive constant.

 The point P ct c
t

,!
"#

$
%&
, where t > 0, lies on H.

 The tangent to H at P meets the x-axis at the point A and meets the y-axis at the point B.

 (a) Determine, in terms of c and t,

  (i) the coordinates of A,

  (ii) the coordinates of B.
(4)

 Given that the area of triangle AOB, where O is the origin, is 90 square units, 

 (b) determine the value of c, giving your answer as a simplified surd.
(2)

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

a Firstly ,
find tangent to I & point p :

Differentiate rectangular hyperbola ea" writ . x :

2

xy = C

y: Ex

:-

sub in paint P (ct, e) :

- c = - c = - 1

(t
,z)(c+ ) c2 +

2 +
2

Mtangent : -E

set up line eg" y-y ,
= M(X-X , ) with m =E

(X,, y, ) = (ct , E)

y - E = - E (x- xt)

t2(y - z) = - (x - ct)

ty - Ct = - x + Ct

ty + x = 2ct *

i .@ X-axis
, y = 0

,
so to find when tangent crosses D-abs

,
set y = 0

t2(0) + x = 2(t

x = 2Ct

A(2ct , 0
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Question 3 continued

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

(Total for Question 3 is 6 marks)

ii . Dy-axis,
X = 0

,
so to find when tangent crosses y-axis,

set x = 0

t2 y + 10) = 2Ct

ty = 2Ct

y=
:.Blo,

In
b. do a Sketch :

B(0,)x

Slactos
Area of Triangle AUB : Ax (2Cx() = 90

: 2c2 = 90

: c2 = 45

·
c = In: 35

However & States C is a positive constant : C = 35' only

C = 35
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  

4.

A !
"

#
$

%

&
'

1 0

0 3

 (a) Describe the single geometrical transformation represented by the matrix A.
(2)

 The matrix B represents a rotation of 210° anticlockwise about centre (0, 0).

 (b) Write down the matrix B, giving each element in exact form.
(1)

 The transformation represented by matrix A followed by the transformation represented 
by matrix B is represented by the matrix C.

 (c) Find C.
(2)

 The hexagon H is transformed onto the hexagon H′ by the matrix C.

 (d) Given that the area of hexagon H is 5 square units, determine the area of hexagon H′
(2)

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

G
. Start by drawing a Coordinate axis and Mark Coordinates 1) and (i)

then mark the Coordinates of new matrix

/Identity matux I
↓

Matrix A

10 transformation 10J & J01 03

181 yYa X

(i &
M

X

y-coordinate has been
*

(d)
> x

swetched 3 x in y-axis
> Y(b)(

Stretch scale factor 3 parallel to the y-axis

b
.

Cost-Sinc - Anticlockwise rotation /Given in Formulae bookletJSind cose

through I about 0

sub in 0 = 210
°

-Mo
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Question 4 continued

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

(Total for Question 4 is 7 marks)

*

C
. Order : C = BA

co

:F

c

d. Ide+ (m) 1 =

area scale factor

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

de+ (x = ( - 5))- z) - (E)) -2)

= 3

det (c) = 3

Ide + (c)) = 131 = 3

Area of H x 3 = Area of I

5 x3 = 15

Area of H1 : 15 units
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  

5. The quadratic equation 

2x2 – 3x + 7 = 0

 has roots α and β

 Without solving the equation,

 (a) write down the value of (α + β) and the value of αβ
(1)

 (b) determine the value of  α2 + β2

(2)

 (c) find a quadratic equation which has roots

2 2

1 1

 and α β
β α

! " ! "# #$ % $ %& '& '

  giving your answer in the form px2 + qx + r = 0 where p, q and r are integers to 
be determined.

(6)

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

9 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

2x - 3x + 7 =

02 +2

x - Ex + E = 0

2 + B=

<B = E

x + B=

2 B =

b
.

2 + B2 = (2 + B)2- 20B

= (z)2 - 2()

=

- 19

x2 + B = -
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Question 5 continued

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

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

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

1x - (4 + B -
- 3)x + (aB - 2 - 3 + c) = 0

1

a - (c + p
-(+ )(x + (B + -(+ )) = 022B2

x
= (x + B - (B)(x + (B+ - 1 * 1) = 0

x
= ( + B - (2)(x + (aB + i - 1 * 1) = 0

x - (e-(() + (+) =

x2 - (x +1
x2- x + 50

2-+ = 0
x2

98x2 - 185x + 309 = 0 -
all integer coefficients

98x - 185x + 309 = 0 p = 98
, 9 = - 185 , = 309
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  

6. (i)
f ( ) cosx x x x! " " # $4 5 0>

  (a) Show that the equation f(x) = 0 has a root α in the interval [2.5, 3.5]
(2)

  (b) Use linear interpolation once on the interval [2.5, 3.5] to find an approximation 
to α, giving your answer to 2 decimal places.

(2)

 (ii)

g ( )x x
x

x x! " # "1

10

1

2
11 0

2

2
>

	 	 (a)	 Determine	g′(x).
(2)

  The equation g(x) = 0 has a root β in the interval [6, 7]

  (b) Using  x0 = 6  as a first approximation to β, apply the Newton–Raphson procedure 
once to g(x) to find a second approximation to β, giving your answer to 
3 decimal places.

(2)

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

Whenever trig is

involved ,
work in radians

-

ia
.

f(x) = x - 4 - cos(5)

+ (2.5) = (2 . 5) - 4-cos15) = - 1 . 448310529

f (3. 5) = 13 . 5) - 4 - cs(55) = 0 . 4975064212

There is a sign change from negative to positive
,

and f(x) is continuous,

: root
,

X
, lies In Interval (2. 5, 3 . 5].

b. Linear Interpolation :

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

f(b) - f(a)

where < is the root

a = 2 .5 b = 3 . 5

C = 2. 5 + (3 . 5) - 3 . 5 f (2. 5)

f (3. 5) - f (2. 5)
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Question 6 continued

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

f (2 . 5) = - 1 . 448310529 3 use part (a)

f (3. 5) = 0 . 4975064212

X = 2 . 510 . 4975064212) - 3. 5/- 1 . 448310529)

10 . 4975064212) - ( - 1 . 448310529)

2 = 3 . 244320029

L = 3. 24(2a . p .)

iia
. g(x)=S-2

+ x - x

rewrite as indices :

g(x) =,fx - (x2 + x - 1

g'(x) = Ex + x
3

+ 1

g'(x) = Ex + y + 1

b .

Xo = 6

we are looking for X1

Numerical Sols of Eas :

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

Xn + 1
= Xn - f(Xn)

f'(xn)

From Newton-Rhagson Iteration : X1 = Xo- f(x)

f'(Xo)

(1) must find g(Xo) by subbing in Xo(1 . 4) into f(x)

12) must find g'/Xo) by differentiating f(x) and subbing in Xo(1 . 4) into f'(x).

-

Z
+ 5128 = - 9 . 4557649

X = = (2 - 8) - 0. 1420022762

- 9 . 4557649

X1 = 2 . 815017535

2 = 2 . 815 13a-p . )
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Question 6 continued

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

(1) 9(6) = 50163 - an + 16) - 17 =
- 509

(2) g'(x) = Ex + 33 + 1

9 (6) = =(6) + 53 + 1
=G

X = = (6) - 1-
123

X1 = 6 . 641327173

X1 = 6. 641(3a- p . )
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7. The parabola C has equation y x2 4

3
=

 The point P t t1

3

2

3

2
,

!
"#

$
%&

, where t	≠	0,	lies	on	C.

 (a) Use calculus to show that the normal to C at P has equation

3tx + 3y = t 3 + 2t
(3)

 The normal to C at the point where t = 9 meets C again at the point Q.

 (b) Determine the exact coordinates of Q.
(4)

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

G
. Differentiate Parabola Wirt . SC:

y2 = =

2y(a):

&

sub in coord. P (52 , 5 +)

1551 3 * E

Mtangent : E

Mnormal: - t

Set up line equ y-y ,
= m(x-X1) with M = -

(x 1, y . ) = (5t2, +)

y - zt = - t(x - (t)

y - zt = - +x + zt
& X3 on both sides

3(y - zt) = 3) - +x + jt3)

3y - 2t = - 3 + x + 70

3+x + 3y = to + It
, snown

b . sub in t = 9 into normal line equ : 319)) + 3y = (a) + 2(9)

27x + 3y = 747



*P74309A02132* Turn over      

21

  

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 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

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

(Total for Question 7 is 7 marks)

(1) : normal line ea" : 27x + 3y = 747

12) :

hyperbola eg" : y2 = 5

solve these I eas simultaneously to find points of intersection (when t = 9 and word. Q I

(2) y2 : x)1 * on both sides

=y =

x(X27 on both sides

Hy2 = 27x

(1) 27x + 3y = 747

27x = 747 - 3y

= 747-3y(X On both sidea

81y2 = 2988 - 124

ply + 12y - 2988 =

06 + 3

27y2 + +y - 996 = 0

(27y + 166)/y - 6) = 0

y: or y =

To determine which y-coordinate belongs to word. O
,

find word at t = 9 by

subbing t =a into Plt2,+ )

15 1912 , 519)) = (27 , 6)

: y = 6 belongs to t = 9

: y:t belongs to word. Q

find al-curd by subbing back into either (1) or (2) and solving for >.

y2 = Ex

-y2 = x

= x =

6009
243

: Q : /6009,
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8. (a) Use the standard results for summations to show that, for all positive integers n,

r r r n n n
r

n

2 3 1
1

2
1 2

2

1

2! !" # $ %" # !" #
$
&

(4)

 (b) Hence show that, for all positive integers n,

r r r n n an b cn d
r n

n

2 3 1
1

2
1

2

2

! !" # $ !" # %" # %" #
$
&

  where a, b, c and d are integers to be determined.
(4)

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

ala-3r-1)=are

I can split summation into 3

&2 - 3r- r

fact ref factor 3 out

summation

& Summations

21 = n

=

= 2(* n2(n+13] - 3[(n(n+1)(2n + 1)] - [an(n+ 1)) Sr = (n(n+ 1) I must learn !

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

1) in the formulae booklet

=(n+3 - E n(n +1)(2n +1) - En(n+1) = In
6 factor out

common faca

· En(n+)[n(n+ ) - (2n + 1) - 1)

: En(n + 1)[n2 + n - 2n - 1 - 1]

· In (n + 1)(n2- n - 2]

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

En (n + 13 (n-2)
, snown
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Question 8 continued

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

↳. lar-3r-la-la
= Elan)(2n +1) (2n -2) - E(n - 1)(n - 1 + 1)2(n - 1 - 2)

-

↓ factor 2 out

:(an)(2n +zin - 1) - &(n-1)(n)2(n-3)

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

& factor
out

a

: En(n-1)[4(an+3- nin -3)]

= (n(n-1)(4(4n + 4n +1) - n + 3n]

= (n(n -1)(16n2 + 16n + 4 - n+ 3n]

= En(n-1)(15n + 19n + 1)

:(n(n-1)(15n + 4)(n + 1)

n(n-1)(15n + 4)(n+1)
,,

a = 15
, b = 4

,
c = 1

,
d =
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9. Given that

3 1 5i

2 4i

z λ
λ

! "#
!

 where λ is a real constant,

 (a) determine z, giving your answer in the form x + yi, where x and y are real and in 
terms of λ.

(4)

 Given also that  arg

4

πz !

 (b) find the possible values of λ.
(2)

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

a rewrite 1 + 5 : in form at bi :

1-4i

multiply top and bottom

- by complex conjugate of denominator

V

1 + 5 ; xx + 4i = 12 + 4 : x + 5ix + 2012

1 - 4i 1 + 4i 12 - 4 : x + 4i7-16 ;
2

= 12 + 9 : 1 + 20 :
2

2

1 - 16 ;
2

- x2 + 9i) + 201- 1)

12 - 16(- 1)

= 13 + 97 - 20

12 + 16

37 - 132 +97 - 20I

2 12 + 16

z _

2/13as I ! rearrange for z

20 + 1

3

2

2(12 + 9ix - 20) + 1 21 + 18:1 - 40 + 12 + 16 232 + 1873 - 40 + 12 + 16

1 + 16 1 +1632+ 16 12 + 16
z = I I

3 3 3



*P74309A02732* Turn over      

27

  

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 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 9 continued

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

(Total for Question 9 is 6 marks)

232 + 1873 - 40 + 12 + 16

=
32 + 16

=
35 - 24 + 18i3 + 3 = 3(y - 8) +bi))x/

3 12 + 16 12 + 16

=
3 - 8 + 6ix

32+ 16

= 1- 8 + 61 i

5 +163+ 16

z = 3- 8 + 67i

12 + 16 32+ 16

D
. +

tan(=
12 - 8

1 5+ 16

C

1
12- 8 67

12 + 16
1 =

j2-8

j2- 8 = 63

1 - 63 - 8 = 0

(1 -3)2- 9 - 8 = 0

(3 - 3)2 - 17 = 0

(3 - 3)2 = 17

1 - 3 = I

1 = 3=

As both real and Imaginary component must be positive
,

J-3-ut cannot be

a sol. 1 = 3 + u only.

1 = 3+
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10. (i) Prove by induction that for  n ∈  +

5 1

4 1
3

2 3

4 3 2

1
!"

#
$

%

&
' (

) !
!

"

#
$

%

&
'

!
n

n n n
n n

(5)

 (ii) Prove by induction that for  n ∈  +

f (n) = 82n + 1 + 62n – 1

  is divisible by 7
(5)

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

i .
11 Base Case : Prove true for n = 1

ins :-
rus:3

LHS = RHS : the for n = 1

12) Assume true for n = K :

&n

13) Prove true for n = k + 1 :

& Thinking ahead ,
sub in nk + 1 into proof :

This is what we are trying to prove using (2) :

5- ,
h +1+ -

123(i) (
&

Make a note so we know

what we are working towards

*+(5) + (9) (h)(2n+)(1) +u)()

(4n)(5) +13 -2n)(a)(xu)( -1) + 13 -2n)()

&- 3n - 3

12k + 12 - 64 +3



*P74309A02932* Turn over      

29

  

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 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 10 continued

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

&

*

*is : 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.

ii. 11 Base Case : Prove true for n = 1

f(1) = g2() +12()
- 1

3 1

= 8 + 6

= 518

= 74(7) -
divisible by 7

the for n = 1

12) Assume true for n = K :

2n+1

f(u) = 0 + j2n
- 1

13) Prove true for n = k + 1 :

f(u + 1) = g2(k+1) + 12(k+1) -

+ 6

2n + 2 +12n+ 2 - 1

= 8 + 6

= g2k
+

32
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Question 10 continued

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________
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f(R + 1) - f(u) = (gan + 3

+ gan +

1) - (pan+

+ 62n
-

1]
= (p2(pan+

1) + (2(62n -1) - (82n+

+ j2n -]
: (64(824+ 1) + 36(62m - )) - (82n + 1

+ gan
- 1]

= G4(82u+

1) + 36/624+ ) - (824+ 1) - 1624
-

1)

= 63(p2k+

1) + 35(62n-

)

= 28(824+

) + 35(824+
) + 35(624

-

1)

= 28(82n
+

1) + 35(824
+

+ g2n
- 1)

= 28(824+

) + 35 f(4)

f(u+1)-f(u) = 28/024 +

1) + 35f(k)
28 is divisible by 7

f(u+ 1) =20+ ) + 36 f (n)
r

f(n+ 1) = 7 x +(82k+ 1) + 36 f(k) :: true for n = k+

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.


