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1. (i)  f (x) = x3 + 4x − 6

  (a) Show that the equation  f (x) = 0  has a root α in the interval [1, 1.5]
(2)

  (b) Taking 1.5 as a first approximation, apply the Newton Raphson process twice to  
f (x) to obtain an approximate value of α.  Give your answer to 3 decimal places. 
Show your working clearly.

(4)

 (ii)  g (x) = 4x2 + x − tan x

  where x is measured in radians.

  The equation  g (x) = 0  has a single root β in the interval [1.4, 1.5]

  Use linear interpolation on the values at the end points of this interval to obtain an 
approximation to β.  Give your answer to 3 decimal places.

(4)
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___________________________________________________________________________
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___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________
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___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

ia
.

f(1) = (113 + +(1) - 6 = - 1

27
f(1. 5) = (7 . 513 + (1 . 5) - 6 = :

There is a sign change from negative to positive and fix) is continuous,

: root ,
d

,
lies in the interval [1 ,

1 . 5] .

b
. X1 = 1 . 5

we are looking for za approximation (X3)

Numerical Sols of Eas :

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

Xn + 1
= Xn - f(Xn)

f'(xn)

From Newton-Rhapson Iteration : Xz = X
,

- f(X)

f'(x, )

X3 = X2 - f(Xz)

f'(Xz)

Start by finding X 2
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Question 1 continued
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___________________________________________________________________________
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___________________________________________________________________________
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___________________________________________________________________________
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___________________________________________________________________________
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___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

Xz = X ,
- f(X , )

f'(X,)

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

12) must find f'(x1) by differentiating f(x) and subbing in X, 11. 5) into f'(x).

1) +(15)= used from part (a)

(2) f(x) = x3 + 4x - 6

&. differentiate w .r. t . 3

f(x) = 3xz + 4

f'( . 5) = 317 . 512 + 4=

X2 = 15 -
X2=

Now can use X2 to find X3.

Xz = Xz - f(Xz)

f'(Xz)

(1) must find f(x2) by subbing in X2() into f(x)

12) must find f'(x2) by differentiating f(x) and subbing in X2) into '(x).

(7) f = (3 + +(3) - 0 = 0 . 4126057799

(2) f(x) = x3 + 4x - 6

&. differentiate w .r. t . 3

f(x) = 3xz + 4
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Question 1 continued
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___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

f15) = 31)2 + 4 = 19

Xy = ( ) - 0 . 4126057799

19

X 3
= 1 . 135851961

2 = 1 . 136 (3d . p. )

ii. Linear Interpolation :

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

f(b) - f(a)

where < is the root

a = 1 . 4
,

b = 1 . 5

B = 1 . 49(1 . 5) - 1- 59(7-4)

g(1 . 5) - g(1-4)

g(1. 4) = 4(7 -4)2 + (1 - 4) - +an (1. 4 % = 3 . 442716285

9(7 ·5) = 4(1 . 5)2 + 11 . 5) - tan (1 . 5) = - 3 . 601419947

B = 1 . 4)- 3 . 601419947) - 1 . 5/3 . 442716285)

1- 3 . 601419947) - 13 . 442716285)

B = 1 . 44886915

B = 1 . 449(3d-p. )
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2. The complex numbers z1, z2 and z3 are given by

z1 = 2 − i      z2 = p − i      z3 = p + i

 where p is a real number.

 (a) Find  
z z
z
2 3

1

  in the form  a + bi  where a and b are real.  Give your answer in its 
 
simplest form in terms of p.

(3)

 Given that  
z z
z
2 3

1

2 5=

 (b) find the possible values of p.
(4)

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

a zzzz = (p - i)x(p + i)

Z , 2 - i

= p2 -

2 - i

- p - 1 - 1)

2 - i

2

I p + 1

2 - i

p2 + 1

Must now rewrite 2 - i In form atbi :

multiply top and bottom

- by complex conjugate of denominator

V

p2 +

1 =
(p2 + 1)(2 + i)

2- i (2 - i)(2 + i)

=
2p2 + pi + 2 + i

& - 2i + 2i - i2

=
(2p2 + 2) + (p2 + 1)i

4 - i

= (2p2 + 2) + (p2+ 1)i

4 - 1 - 1)
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Question 2 continued
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___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________
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___________________________________________________________________________
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___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

(2p2 + 2) + (p2 + 1)i

5

= 2p2+ 2+

z2z = 2p+ 2 + pia = 2p2 ,
b=I

b . /zz = a

(2p+ 2 + i) = as

= ( Square both sides

= (a)

(20+2) ++ = 20

(2p2+2)"
+ 102+ 1)2 = 20

1512 (512

(2p2+2)2 +1p2+ 12
= 20

15)2

(2p + 2(2 + (p2+ 1)2 = 20x(5)

(2(p+ 1))
2

+ (p+ 1)2 = 500

22(p2+ 1)
2

+ (p2 + 1) = 500

4 (p2 + 1)2 + (p2 + 1)2 = 500

5/p2 + 1)" = 500

500

(p + 1)2 =

5
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Question 2 continued
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___________________________________________________________________________

___________________________________________________________________________
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___________________________________________________________________________

___________________________________________________________________________
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___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

(p2 + 1) 2 = 100

p + 1 = =N

p2 + 1 = = 10

pi + 1 = 10 ur p2+ 1 = - 10

p2 = 9 p2= -11

p= p = I

p = =3 p = I Mi

Q States
,

however
,

P is a real number : p = 13 only .

p = =3
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3. The triangle T has vertices A(2, 1), B(2, 3) and C(0, 1). 

 The triangle T ′ is the image of T under the transformation represented by the matrix

P =
−

⎛
⎝⎜

⎞
⎠⎟

0 1

1 0

 (a) Find the coordinates of the vertices of T ′
(2)

 (b) Describe fully the transformation represented by P
(2)

 The 2 × 2 matrix Q represents a reflection in the x-axis and the 2 × 2 matrix R represents a 
rotation through 90° anticlockwise about the origin.

 (c) Write down the matrix Q and the matrix R
(2)

 (d) Find the matrix RQ
(2)

 (e) Give a full geometrical description of the single transformation represented by the 
answer to part (d).

(2)

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

A B Al B' C'

101(2) + (1) (1) (01(2) + (1) (3) (0( (0) + (1)(l)·-(1)(2) + 10)(1) (1)(2) + 10)(3) (1)(0) + (0)()

A B'c'

-T- 2 -20

New Vertices : (1 , -2)
,

13 , -2)
,

11 , 0

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

then mark the Coordinates of new matrix

/Identity matux I
S

mathx P

10 transformation 01J · Do01

Ya Ya

(i
X

&
Coordinates have been

> x > X > Prepresents a

rotated goo clockwise
*

(d)
about origin ((0) rotation 90

°

clockwiseX

(i)
about origin.

#
-
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Question 3 continued
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___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________
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___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

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

then transform both of these coordinates by transformation /reflection in x-axis (

Ya Ya

(i
X

both 15) and (i) undergo
*

(d)
> x

reflection across X-axis

> &
x

"(b)(xx
- ax

(i)

rewrite matrix but

/Identity matux I
L now replace coordinates

with their transformations

1 O new mathx represents transformation Q 1 O
In this specific order* & JO - 1

a:

start by drawing a coordinate axis and mark coordinates 1) and (i)

Then transform both of these coordinates by transformation I rotation 90° anticlockwise about origin)

Ya Ya

(i)
x

(i)
X

both 15) and (i) undergo
S &

*

(d)
> x

rotation 900 anticlockwise
>

I: 1
* > x

about origin

rewrite matrix but

/Identity matux I
L now replace coordinates

with their transformations

1 O new mathx represents transformation R
O - 1

In this specific orderJ & J01 10

r : T

· na-Do =A

ra=
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Question 3 continued
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___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________
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___________________________________________________________________________

___________________________________________________________________________
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___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

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

then mark the Coordinates of new matrix

/Identity matux I
S

mathx P

10 transformation 01J & J01 10

Ya Ya
y = x

(i
X

Coordinates have been

(i)

x
*

(d)
> x

reflected in line y = x
> X

18
> x

RQ represents a reflection in line y = x
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4. A rectangular hyperbola H  has equation  xy = 25

 The point  P t
t

t5
5

0, , ,
⎛
⎝⎜

⎞
⎠⎟ ≠  is a general point on H.

 (a) Show that the equation of the tangent to H at P is  t 2 y + x = 10t
(4)

 The distinct points Q and R lie on H.  The tangent to H at the point Q and the tangent to 
H at the point R meet at the point  (15, −5).

 (b) Find the coordinates of the points Q and R.
(4)

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

G
. Differentiate rectangular hyperbola ea" writ . x :

xy = 25

y : z : 25x

: -25x2:

sub in paint pl5t, l :

·
- 25 =

- 25 = - 1

(57, 2) 15+/22572 +
2

Mtangent : -E

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

(X,, y, ) = 15t,l

y-E = - E(X-5t)(Xt on both sides

t (y -z) =)-E(x -st)

fy - 5 + = - (x - st)

f2y - 5 + = - x + 5t

ty + x = 10t
, shown

b
. sub in 115

,
-5) into tangent ea" from part (a).

t2(- 5) + (15) = 10t

- 52 + 15 = 10t

552 + 10 - 15 = 0
2 + 5

z2 + 2t - 3 = 0

(t - 1)(t + 3) = 0

t = 1 or + = - 3
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Question 4 continued

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

sub + = 1 and t = -3 into paint P15t ,
El to find & and R.

t = 1 = (5(1), ) = (5 . 5)

t = - 3 = (5(3), ) = ( - 15
,

-5)

Q : ( - 15,3)

R : (5 , 5)
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5.  f ( ) ( ) ( )x x d x x d= + − + +( )9 8 10 12 2

 where d is a positive constant.

  (a)  Find the four roots of  f ( x )  giving your answers in terms of d.
(3)

 Given  d = 4

 (b) Express these four roots in the form  a + ib ,  where  a, b ∈ .
(2)

 (c) Show these four roots on a single Argand diagram.
(2)

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

9. Set f(x) = 0 to find roots

9x2 + d = 0 x
- 8x + (10d + 1) = 0

2

9x2 = - d (x - 4) - 16 + 10d + 1 = 0 solve for x

x2 =

- q (x - 4)2 + 10d - 15 = 0 ( by completing the square

a === (x- 4)2 = 15 - 10d

- X - x ==10d

= x = 4=5 10d

=I

x =10

b. substitute d = 4

= int,

· Ii,

: Edi ,
415i

X = =zi ,
15 + 4i
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Question 5 continued

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

C .
im

+

4 + 5i

Zix
> Re

·zix

+
4 - 5i
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6. The parabola C has Cartesian equation  y2 = 8x

 The point  P(2p2, 4p)  and the point  Q(2q2, 4q),  where  p, q ≠ 0, p ≠ q, are points on C.

 (a) Show that an equation of the normal to C at P is

y + px = 2p3 + 4p
(5)

 (b) Write down an equation of the normal to C at Q
(1)

 The normal to C at P and the normal to C at Q meet at the point N

 (c) Show that N  has coordinates

2 2 22 2( ), ( )p pq q pq p q+ + + − +( )
(5)

 The line ON, where O is the origin, is perpendicular to the line PQ

 (d) Find the value of  (p + q)2 − 3pq
(5)

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

a
. Differentiate parabola equ writ . x :

y2 = 8x

2y()=

at

sub in paint P12p2, 00) :

& = 1

2 eps lap p

Mtangent : To

Mnormal :
- P

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

(X,, y, ) = (2p2 , + p)

y - 4p = - p(X - 2p2)

y - 4p = - px +2p

y +px = 2p3+ 4P
, snown



*P66060A02332* Turn over     

23

 

 

Leave 
blank

Question 6 continued

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

b replace all the p's with q's .

y + qx = 293 + 4q

c
. Solve y + px = 2 p3+ap and y + qx = 2q3 + 49 simultaneously

(1) y + px = 2p3 + 1p

(2) y +qx = 2q3 + 4q

(1) - (2) : y + px = 2p3 + 1p

y +qx = 293 + 49-

px-qx = 2p3 + 4p - 2q3- 4q

(p-q(x = 2p3 - 293 + 4p - 49

(p -g)x : 2((p3 - q3) + 2(p -q)]

#pai = 2(12)/p2 + patq2) +2/-9) =

cancelout lpanea
: x = 2(p2+ pq + q2 + 2)

Now sub into either 111 or (2) to get -courd.

y + p(2(p2 + pa + q2 +2)) = 2p3 + 4p

y + (p3+ 22g + 2pq + 4p = 2p + +p

y = - 2pq-2pq

y : - 2pq(p + q)

: word. N : (2(p2+ pa +q + 2)
,

- 2pa(p + q)

C
. Start by finding gradient of PQ :

Mpa : 49-4p = x(a- p) =(p)
=

2

292-2p22192-pi) 21a +p((p)(p+ q)

find gradient of ON :

Mon : - 2palp + q) - 0
=

-2pq(p + q)

2(p2+ py + q2 + 2) - 0 2(p + pq + q2 +2)
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Question 6 continued

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

Since lines PQ and ON are perpendicular ,
MpaX Mon = -I

2
X

-2pa(q)
= - 1

#+ q 2(p2 + pq+ q2+2)

- 2pq == 1

p2 + pq + q2 + 2 1

(. cross multiply

- 2pq() =
- 1(p + pq + q + 2)

2pq = p2 + pq + q2 + 2

-2 = p + q2 -

pq
- 2 = (p +q)2 - 2pq -

pq
- 2 = (p +q)2 - 3pq

: (p +q)
2

- 3pq = - 2
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7. (a) Prove by induction that for  n ∈ 

r n n n
r

n
2

1 6
1 2 1= + +

=
∑ ( )( )

(5)

 (b) Hence show that

( ) ( )r n an bn c
r

n
2 2

1

2
6

+ = + +
=

∑

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

 (c) Using your answers to part (b), find the value of

( )r
r

2

10

25

2+
=
∑

(2)

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

a .

111 Base Case : Prove true for n = 1

Ins: r = (:

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

LHS = RIS

the for n = 1

12) Assume true for n = K :

= (n+ 1)(an + 1)

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

n+ 1 K

& v = r + I
& we are rewriting sum of 1K+ 1) terms into RKS : this is what we are

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

trying to prove using (2) :

k+ 1

= (n+ 1)(2n + 1) + (n +1)
term - we can now use Step (2). (k)(2

Make a note so we know

= G(k+ ) [k(2x + 1) + G(n+ 1)]
what we are working towards

= J(k+ )(2n2 + 3 + 6n + 6]
= j(n +1)(2n +7n + 6]
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Question 7 continued

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

= j(n+1)(n + 2)(2n + 3)

· (+ )(2(k) + ) : true for n : 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.

b. r+ 2

↓ split summation into 2

M

+
r = 1

L factor 2 out

summation Summations

+ 21 = n

I must learn !=

Sr = (n(n+ 1)

= (n(n+ 1)(2n + 1) + 2[n] = Ju(n+ 1)12n+

1) in the formulae booklet

& factor
out = In

= En((n +1)(2n + 1) + 12]

: En [2n2 + 3n + 1 + 12]

: En(2n + 3n + 13)

= (2n + 3n + 13)a= 2
,
b = 3

, c = 13

+22-

= =(2(25)2 + 3(2) + 13) - -(2(9)2+ 3(9) + 13)

: 5575 - 303

: 5272

5272
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8. Prove by induction that  4n + 2 + 52n + 1  is divisible by 21 for all positive integers n.
(6)

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

17) Base Case : check true for n =

1 + 2 2(1) + 1

& + 5
3 3

= 4 + 5

= 189

= 9(21) -divisible by 21

:
true for n = 1

12) Assume true for n = K :

k + 2 2k + 1

f(k) = A + 5

13) Inductive step , prove true for n = K + 1 :

(k + 1) +

2 2(k+ 1) + 1

f(x +1) = 4

n + 3 2k + 3

I 4 + 5

f(k+ 1) - f(k) = (qk
+ 3

+ yan +3) - (qk
+ 2

+ yan
+

+)

: ((4)'(44 +2) + (53)(524 +1)) - (q4 +2

+ 52n + 7)

: [ + (qk+2) + 25(52+/] - [qu+2

+ 52n+7]

= 4(q"+2) + 25(52k+7) - (qk+ 2) - (824+ 1)

= 3(q4+2) + 24(524 +

1)

= 3((qk+2) + (52n+1)) + 24(524+ 1)

= 3 f(k) + 21(52x + 7)

f(k + 1) - f(k) = 3 f(k) + 21(824+

1)

f(u+ 1) = + f(k) + 21(52n +1)

: f(ut) = +f(m) + 21(524 +1) : true for north

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.


