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1. Find

8
3

2
5

3x
x

x− +⎛
⎝⎜

⎞
⎠⎟∫ d

 giving your answer in simplest form.
(4)

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

18
3 3215

2 4 32 50C C

2 4 35C 50C C
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2.  f (x) = 2x3 + 5x2 + 2x + 15

 (a) Use the factor theorem to show that (x + 3) is a factor of f (x).
(2)

 (b) Find the constants a, b and c such that

f(x) = (x + 3)(ax2 + bx + c)
(2)

 (c) Hence show that  f (x) = 0  has only one real root.
(2)

 (d) Write down the real root of the equation  f (x – 5) = 0
(1)

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

if oct 3 is a factor f 3 0

21373 5 372 21 3 15

54 45 6 15 0

so oct 3 is a factor

as Is
208 22 20

00
15

x 3 20200 5 a 2 D 1 C 5

for x 3 to be the only root then the

discriminant of 202 2 5 must be negative
B Uac 1 4 2 5

1 80 is negative

if D 3 is the root of floc
the root of f e 5 will be 3 5 2
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3. The triangle PQR is such that  PQ
→

 = 3i + 5j  and  PR
→

 = 13i − 15j

 (a) Find QR
→

(2)

 (b) Hence find ½QR
→½ giving your answer as a simplified surd.

(2)

 The point S lies on the line segment QR so that QS : SR = 3 : 2

 (c) Find PS
→

(2)

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

10L 205

1821 400
5500 1055

p

IS ÉQ 101 205

55 58 ng
8

Bi 155 Ui Sj
ai 75
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4.

A
60° θ°

C

B

(x + 2) cm

7x cm

(3x + 10) cm

Figure 1

 Figure 1 shows a sketch of triangle ABC with AB = (x + 2) cm, BC = (3x + 10) cm, 
AC = 7x cm, angle BAC = 60° and angle ACB = θ°

 (a) (i) Show that  17x2 – 35x – 48 = 0
(3)

  (ii) Hence find the value of x.
(1)

 (b) Hence find the value of θ giving your answer to one decimal place.
(2)

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

a
b

c

cosine rule a 52 02 abacosa 8T
300 105 0 2 470 2x 2 470C

900 6027100 22 4 4 49 2 7 16
a too to

0 1722 350C 48

1700 16 e 3
D I 3

invalid as a length can't be negative

If
1 so fgxs.no

0 13.20 Idp
cant be 166.8 as too big for
the triangle
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5. The mass, A kg, of algae in a small pond, is modelled by the equation

A = pqt

 where p and q are constants and t is the number of weeks after the mass of algae was 
first recorded.

 Data recorded indicates that there is a linear relationship between t and log10 A given by 
the equation

log10 A = 0.03t + 0.5

 (a) Use this relationship to find a complete equation for the model in the form

A = pqt

  giving the value of p and the value of q each to 4 significant figures.
(4)

 (b) With reference to the model, interpret

  (i) the value of the constant p,

  (ii) the value of the constant q.
(2)

 (c) Find, according to the model,

  (i) the mass of algae in the pond when t = 8, giving your answer to the nearest 0.5 kg,

  (ii) the number of weeks it takes for the mass of algae in the pond to reach 4 kg.
(3)

 (d) State one reason why this may not be a realistic model in the long term.
(1)

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

A pqᵗ
Log A 0.03 0.5

A 1005 10003
A 3 162 10725

p 3.162 9 1.072

when D A P so P represents the initial mass
of Algae in the pond

g represents the rate that the algae increases
each week
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Question 5 continued

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

C when 1 8 A 3.162 1.0728
A 5.522 kg
A 5.5kg nearest 0.5kg

cii 4 3.162 1.072

3 62
1.072

091.0726462 t t 3.381316 weeks

3.38 weeks adp

a this model is unrealistic as itpredicts unlimitedgrowth
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6. (a) Find the first 4 terms, in ascending powers of x, of the binomial expansion of

3
2

9

8

−⎛
⎝⎜

⎞
⎠⎟

x

  giving each term in simplest form.
(4)

f ( )x x
x

x= −⎛
⎝⎜

⎞
⎠⎟ −⎛

⎝⎜
⎞
⎠⎟

1

2
3

2

9

8

 (b) Find the coefficient of x2 in the series expansion of f (x), giving your answer as a 
simplified fraction.

(2)

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

3 22 38 3 8 3 a 3 8
72 238

35
28

6 38

6561 38880C 1008002 4348003

b 6561 38882 1008002 4813 Ed
coefficient will be 1008002

If
100808

found by multiplying
and 15893 1 1

100
2002 50400 5040C

as
eye 2 00

504 2254 1336
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7. (a) Factorise completely  9x – x3

(2)

 The curve C has equation

y = 9x – x3

 (b) Sketch C showing the coordinates of the points at which the curve cuts the x-axis.
(2)

 The line l has equation  y = k  where k is a constant.

 Given that C and l intersect at 3 distinct points,

 (c) find the range of values for k, writing your answer in set notation.

Solutions relying on calculator technology are not acceptable.
(3)

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

9 00
x 3 00 3 0

E
y 900 003

Find Turning points

If
9 3002 whendy

0 300 9
3

x IB
B y 95 353 653

I 53 y 93 353 653 Ex Ex B

EKER GESCKLEBY
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8.   In this question you must show all stages of your working.

Solutions relying entirely on calculator technology are not acceptable.

 The air pressure, P kg/cm2, inside a car tyre, t minutes from the instant when the tyre 
developed a puncture is given by the equation

P = k + 1.4e–0.5t      t ∈       t  0

 where k is a constant.

 Given that the initial air pressure inside the tyre was 2.2 kg/cm2

 (a) state the value of k.
(1)

 From the instant when the tyre developed the puncture,

 (b) find the time taken for the air pressure to fall to 1 kg/cm2 
Give your answer in minutes to one decimal place.

(3)

 (c) Find the rate at which the air pressure in the tyre is decreasing exactly 2 minutes 
from the instant when the tyre developed the puncture. 
Give your answer in kg/cm2 per minute to 3 significant figures.

(2)

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

when t 0 P K 1.4
2.2 kt 7 4
0.8 K

si e
0 5t

ff
t t t 2mn 3.9min

Idp

9 If 075
ᵗ

at t 2

9 0.75 0.258 BSF

decreasing at a rate of 0.258 1cgcm per min
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9. (a) Given that p = log3 x, where x > 0, find in simplest form in terms of p,

  (i) log3
x
9

⎛
⎝⎜

⎞
⎠⎟

  (ii) log3 x( )
(2)

 (b) Hence, or otherwise, solve

2 log3

x
9

⎛
⎝⎜

⎞
⎠⎟  + 3 log3 x( )  = –11

  giving your answer as a simplified fraction.

Solutions relying on calculator technology are not acceptable.
(4)

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

i 0531 10532 20939
0932 2
P 2

it Loggic 10930

Logze I
b 2 P 2 312 11

20 4 32 11

72 7 2

20932 2 3 I I
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10.

P

C

O
R

y

x

l

Figure 2

In this question you must show all stages of your working.

Solutions relying on calculator technology are not acceptable.

 Figure 2 shows a sketch of part of the curve C with equation

y = 
1

3
x2 – 2 x  + 3         x  0

 The point P lies on C and has x coordinate 4

 The line l is the tangent to C at P.

 (a) Show that l has equation

13x – 6y – 26 = 0
(5)

 The region R, shown shaded in Figure 2, is bounded by the y-axis, the curve C, the line l 
and the x-axis.

 (b) Find the exact area of R.
(5)

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

2 4 y 4 3 3 P 4

find gradient of curve

If 30 te at 2 4 gradient f
0 4.3

3
9 3,0 to C

y 22 13 C 3
130 by 26 0
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Question 10 continued

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

2 532 3

22 25C 3 28 31082 30

L 12

1
4

9 whenyo

It 2

2

area triangle 2 2 33 132

Area R 35 32
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11.

C

O

l

y

x

Figure 3

 Figure 3 shows the circle C with equation

x2 + y2 – 10x – 8y + 32 = 0

 and the line l with equation

2y + x + 6 = 0

 (a) Find

  (i) the coordinates of the centre of C,

  (ii) the radius of C.
(3)

 (b) Find the shortest distance between C and l.
(5)

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

x2 100C y 8y 32 0

2 5 25 y 4 2 16 32 0

2 5 9 4 9

Centre 4 radius 3

2 Zy x 6 0

Zy 0C 6

y I 3 gradient
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Question 11 continued

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

shortest distance where perpendicular line meets the centre

y 20C c at 5,4
to

y 2

point on line where y 20C 6meets Zy oct 6 0 point 2

zgzz.gg qgg
q.gh

egg
distance 2 to centre

E 5
E

5 IEEE
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12. A company makes drinks containers out of metal.

 The containers are modelled as closed cylinders with base radius r cm and height h cm and 
the capacity of each container is 355 cm3

 The metal used

• for the circular base and the curved side costs 0.04 pence/cm2

• for the circular top costs 0.09 pence/cm2

 Both metals used are of negligible thickness.

 (a) Show that the total cost, C pence, of the metal for one container is given by

C = 0.13πr2 + 
28 4.

r
(4)

 (b) Use calculus to find the value of r for which C is a minimum, giving your answer to 
3 significant figures.

(4)

 (c) Using d
d

2

2

C
r

 prove that the cost is minimised for the value of r found in part (b).
(2)

 (d) Hence find the minimum value of C, giving your answer to the nearest integer.
(2)

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

cost of base Tr 0.04
cost of top Hr 0.09

Arah 355 cost of curved side 2 III 0.04

2

total cost o.rs r2 2 4

0.8168 29
at 0

01828.4 0

0.8168 3 28.4 2
r 3.26386
r 3.26 am 3SF

0.8108 55 a 326 S m
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Question 12 continued

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

at r 3.26 C o.is r2 2

c 13.052

cost 13 nearestinteger
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13.  In this question you must show all stages of your working.

Solutions relying entirely on calculator technology are not acceptable.

 (a) Show that

1

cosθ
 + tan θ ≡ 

cos

1 sin−
θ
θ

       θ ≠ (2n + 1)90°    n ∈ 
(3)

 Given that  cos 2x ≠ 0

 (b) solve for  0 < x < 90°

1

cos 2x  + tan 2x = 3 cos 2x

  giving your answers to one decimal place.
(5)

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

Iso 8 S
coffee

sintos I

a

S

9 22
30020 cos to so can by 20C

1 361 5722
1 3 3s 2x

351720C 2 sin 33 41.8
sin 20C 3
22 41.81 138.19 401.81
I 20.9 69.1
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14. (i) A student states

“if x2 is greater than 9 then x must be greater than 3”

  Determine whether or not this statement is true, giving a reason for your answer.
(1)

 (ii) Prove that for all positive integers n,

n3 + 3n2 + 2n

  is divisible by 6
(3)

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

i no as a could 4 which is 3 but 00 9

n3 3m 2n n m 3h 2

n 2 nt

this is 3 consecutive integers
any 3 consecutive integers must have at least
one multiple of 2 and at least one multiple of
3 and therefore once 3 consecutive integers are

multiplied it must produce a multiple of 6




