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1.  In this question you should show all stages of your working.

Solutions relying on calculator technology are not acceptable.

 Using algebra, solve the inequality

x2 – x > 20

 writing your answer in set notation.
(3)

_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________

subtract 20 from both x
2 x)20

sides to get it into a

quadratic form ->x - x - 20) O

factorise : (x+ 4)(x - S)) 0

find critical values : x = - 4x = S

1 we need to find values
sketch a graph: greater than O

,
so look

for values above the

X * x axis.
- 4

x -4xS

use curly brackets : means such that
Xbecause it's aset ↓

the question requires E 3 Ex: S Sx : x - 4

set notation
↑ ↑

means or
i

.e .
the set of c values

such that x is less than

- 4
.

E: x- a]u(x : x)s]
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Question 1 continued
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________

(Total for Question 1 is 3 marks)
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2.  In this question you should show all stages of your working.

Solutions relying on calculator technology are not acceptable.

 Given

9

3
81

1

2

x

y

−

+ =

 express y in terms of x, writing your answer in simplest form.
(3)

_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________

9 and 81 are both powers of 3 ,
so they can be written as 3

3 : 3 (32)x-
1

4

2 = 3
9 = 3

4 (3)y
+ 2

8) = 3

now use rule : (x)" = (x)
↓ Thimeanswecanmultiple

the onas

2(x - 1)
3 4

- 3
33

+ 2

2x2 - 2 4

3 = 3

multiplyboths
a

↓
3y+ 2

L

3
2x - 2

= (34)(33
+

2) (x9)(x3) = x"
+

simplify the right hand side ↓ 2x - 2 This means if the
and3 = z4

+ y + 2

base is the same

we multiply them

2x- 2 together ,
we add the

we can compare the powers,
3 - zy

+ 6

powers

because there is a single ↓
power of 3 on each side. 2x- 2 = y + 6

Therefore ,
the powers must

be equal
-
2x - 8 =

y

simplify to make y
the subject. y

= 2x - 8
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Question 2 continued
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________

(Total for Question 2 is 3 marks)
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3. Find

3 4

2

4

3

x
x

x−∫ d

 writing your answer in simplest form.
(4)

_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________

The fraction can be separated to make terms which you can easily
integrate

by separating it into ga" - 4
dx C

"

= c' because when
two fractions with ↓ 2x3 3

we divide by a term

the same denominator,

·
with the same base ,

we

we can simplify each subtract the bottom
fraction in order to power from the top.
integrate it. -

- =2,3 = x-3 because
· /Ex - 2x

- 3
&

dx E
S

integrate , by ↓ I divided by
"

= -a

adding I to the - 3x2 - 2x
- 2

+ C so -E = 2x-3
power ,

and dividing 2x2 - 2

by the new power

· Ex - E +

simplify:· Ex + x
2

+ c

remember to add ,
Can also be written as : 2x + + + c

Y
because we are integrating

because (c = Ec x2 without limits.
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Question 3 continued
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________

(Total for Question 3 is 4 marks)
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4. [In this question the unit vectors i and j are due east and due north respectively.]

 A stone slides horizontally across ice.

 Initially the stone is at the point A(–24i – 10j) m relative to a fixed point O.

 After 4 seconds the stone is at the point B(12i + 5j) m relative to the fixed point O.

 The motion of the stone is modelled as that of a particle moving in a straight line at 
constant speed.

 Using the model,

 (a) prove that the stone passes through O,
(2)

 (b) calculate the speed of the stone.
(3)

_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________

j
13 M

&
> =>

O
> i

ij
Draw A and B on a diagram

S - ----

%
B

- 24
I >i

! & 12

AX-----------10

>

to prove the stone passes through 0 , find A and . If G is a multiple
of OB ,

we know that both AO and OB lie on the same line which

must pass through O.
->

Find AO by subtracting A from O
,

as we always subtract the first letter
from the 2nd.

->

AO = 0 - A = (0i + 0j) - ( - 24i - 10 ;)
= Oi + 0j + 24i + 10)
G = 24i + 10j

->

Find OB by subtractingO from B .
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Question 4 continued
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________

(Total for Question 4 is 5 marks)

B = B - 0 = (12i + 5j) - Di + 0;) thisisjustthea
S because vector B= R-0- &

is relative to 0.

-> ->
now compare AO andOB

24i + 10j = 2(12i + 5j)
->
A0 = 2 B

->

Because AO is a multiple of B to and B are
&

parallel .
Because the stone is travelling in a straight->

line
,
it must pass through O ,

becauseo and or lie

on the same line

b) we can work out speed using speed disan e

we know t = +
, so find distance /AB

->

AB = + B
->

= 24i + 10j + 12 + 5j
AB = 36i + 15j

to find the distance
, find the magnitude ofB

,
(B)

.

Do this by
using pythagoras. a + b2=

C
13 c2 = a + b

->
3 ISj b AB = c = a2 + b2

AX
36i = 362 + 152

a = 1521
->

AB = 39 = distance

speed = distance 39

time:F
= 9 .

75 ms
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5.

O

Q

P(2, 10)

y

x

Figure 1

 Figure 1 shows part of the curve with equation  y = 3x2 – 2

 The point P(2, 10) lies on the curve.

 (a) Find the gradient of the tangent to the curve at P.
(2)

 The point Q with x coordinate 2 + h also lies on the curve.

 (b) Find the gradient of the line PQ, giving your answer in terms of h in simplest form.
(3)

 (c) Explain briefly the relationship between part (b) and the answer to part (a).
(1)

_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________

↑

↑

z

↑

j

↑

↑
2 + H

a) To find the gradient of the targent at (2 ,10) , find a and sub in
thea value

,
= 2

to differentiate, y
= 3x2 - 2

multiplyby the Spower , and dy
subtract I from x

= Gx
the power

Sub in the s co-ordinate of P (2) to find gradient of targent atp

& x = 2 a = 6 x2

= 12

gradient of targent at P is 12
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Question 5 continued
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________

(Total for Question 5 is 6 marks)

b) findthe y value of Q by subbing x= 2th into y : 3x2-2

Yq
= 3(2 + n)2 - 2

this is how we find
ya-yp I agradient when finding

now find the gradient of PQ by using sq- P
the equation of a straight
line

.

P(2 , 10) -> sp = 2 Yp = 10

Q (2 + h
,
3(2+h)- 2) - xq

= 2+h yq
= 3(2+ h)2- 2

gradient= Ya-Yp =

(3(2 +h)) - 2) - 10 simplify to get in its
xq - Sp (2 +h) - 2 ↓ simplest form

: 3(2+ h)" - 2 - 10

(2+h) - 2

= 3(4 + 4h +hz) - 12

h

= 12 + 124 + 342- 12

V

= 12h + 3h2
h

tends to : gradient = 12 + Sh

gets very close to

↓
1) As h tends to O

,
12 + 3h tends to 12

.

So the gradient of the
chord PQ tends to the gradient of the targent of the curve
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6.  In this question you should show all stages of your working.

Solutions relying on calculator technology are not acceptable.

 (a) Using algebra, find all solutions of the equation

3x3 – 17x2 – 6x = 0
(3)

 (b) Hence find all real solutions of

3(y – 2)6 – 17(y – 2)4 – 6(y – 2)2 = 0
(3)

_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________

9) 3x3-17x"-Jx = O is a cubic
,

so we cannot solve by factorising normally
or using the quadratic formula.

All elements contain
,

Ec"-17x" - 6 = 0

so we can factorise out so ↓
x(3x - 17x - 6) = 0

now factorise the

quadratic ↓
x(3x+ 1)(x - 6) = 0

now findall values
x= 0 3x+ 1 = 0 x - 6 = 0

ofa by making ↓ 3x = - 1 x = 6
each bracket equal

x= - 1
to 0.

x = 0
,

- 3
,
6

2

b) b(y-2)" - 17(y - 2)" - G(y - z) = 0

↑
To compare the two equations ,

look at what is multiplied by 6. In the
first equation it's s ,

and in the second it's (y-2)" ,
so we can see x =/y-2)

- 6(y-2) = - G

(y - 2)=
Now use all values of we found in pat a to find the corresponding y values

①(= 0 0 = (y -2)
0 = y

- 2

y = 2
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Question 6 continued
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________

(Total for Question 6 is 6 marks)

②x = -v3 - 13 = (y- 2)2 we cannot take the square root of a

negative number ,
so x =-Is does not

give any real solutions ofy.

③x = 6 6 = (y -2)
5 = y

- 2

y
= 56 + 2

y
= 2

, y = 5 + 2
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7. A parallelogram PQRS has area 50 cm2

 Given

• PQ has length 14 cm
• QR has length 7 cm
• angle SPQ is obtuse

 find

 (a) the size of angle SPQ, in degrees, to 2 decimal places,
(3)

 (b) the length of the diagonal SQ, in cm, to one decimal place.
(2)

_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________

↑ has two sets of parallel sides

a) first ,
draw a sketch representing the information given
angle SPQ

Pf 14 Q

....
7 -- 7

---

y
...

R
S 14

7S
PS and SRequal 7 and

14 respectively because on a

parallelogram ,
the parallel

sides are equal in length

We are also given area of parallelogram = So

angle SPQ P 14 Q
Im If we split the parallelogram into two
-
7 triangles with the same area

,
we can

S
↑ area of triangle = 25

work out the size of angle SPQ

area of triangle = 5 : 25

areaof a triangle = Zabsin2 where C is the angle we are trying
find/SPQ) and a and b are the known lengths

25 : 2x7x14xSinC
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Question 7 continued
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________

(Total for Question 7 is 5 marks)

25 = 49 sinC

2549 = sinc

sin" 2549 : C

C = 30
.
68:

C = 30
. 7: However ,

in the question , we are told angle SPQ is obtuse
This means it must be greater than 90

- I

-
find angle SPQ by subtracting 30 .

7 from
30

.
68
·

149
.

32"180 368 1800, or by lookingat the sin graph to
find another solution for 249 = sin(

- I

180 - 30
.
68: 149 .

32
:

angle SPQ = 149
.
32
·

b) P 14 Q

7
149.

32: To findan unknown length of a scalence

triangle , use a: b2 +c - 2bacos A
S

X ↑ X ↑
unknown length

known
known

a = SQ lengths angle
2

= b + c - 2bcosA SPQ
a

a = 72 + 142 - 2(7)((4)(0s(149 .32)
a2:245-196c(932) cos--a

a = 245 + 168
.

6

a
2

= 413
.
6

a = 413 . 6

= 20
.
336 ..

A = 20
. 3 (1dp)

a = SQ so SQ : 20 .
3cm
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8.  g(x) = (2 + ax)8         where a is a constant

 Given that one of the terms in the binomial expansion of g(x) is 3402x5

 (a) find the value of a.
(4)

 Using this value of a,

 (b) find the constant term in the expansion of

1
1

2
4

8+⎛
⎝⎜

⎞
⎠⎟ +

x
ax( )

(3)
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________

,
'

I
X

power of
12

x is S I 33

14641
1 S10 10 5

16 IS 20 15 6 /

172135352171

18 285670562881

a) Expand (2 + as)" up tocs to find the Coefficient of c.S

you can use pascal's triangle ,
or use

the nor function on your calculator
L

g(x) =1x2x(ax) + 8x2'x(ax)) + 28x2x (ax)" + 56x2x/ax)
.....

X
(ab)" = a b

" this is the term
we need because

36 = 2 x Tax)" = 3902x
S the power of is

S
,

↓
so we can stop expanding

56x8x ax = 3402x5
is on both sides

,
so divideboth sides

56x8 xa5 = 3402 W by " to solve for a

448a5 = 3102

as = 3402
448

a = 52402
448

a
= 3
2
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Question 8 continued
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________

(Total for Question 8 is 7 marks)

8

1 + m)(2 + axI
b) The constant tem is where the power of s is O

,
this happens twicehere .

1.When I is multiplied by the constant tem in the expansion of the 2nd
bracket

2. When "e" is multiplied by the se"term in the expansion of the 2nd
bracket

So
, we need to find the constant term

,
and the s term in the second bracket

using the binomial expansion.

constant term=
1 x 2

* x(zx)"
S

: 2

= 256

4

x"term = 70 x 2" x (Ex)
= 70 x 16 x846x4
= 5670x4

256 5670x

I 256 5670x4

k 273670
these are the two tenes we need because theyore
both constant.

To find the final constant term , just add the two constant terms we have

found together

236 + 5670 : 5926

constant term : 5926
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9. Find the value of the constant k, 0 < k < 9, such that

6
20

9

x
x

k
d =∫

(4)
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________

Rewrite the fraction so it is easy to integrate
a

S= 20

Ex = (2) R

Jaindx = 20

a = x-a) R

= - d :

Now integrate by adding I to the power ,
and dividingby the new power .

- + 1 = k - [Ex] : 20 => we don't need to add C

R because we are integrating
-

= 0x = 12 +: [125 Ja = 20 with limits.

Sob in 9andk
(125a) - (12th) : 20

Simplify and rearrange to find k

(12x3) - 125h = 20

36 - 125h = 20

16-125 = 0

16 = 125k

43 = Te

↳:
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Question 9 continued
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________

(Total for Question 9 is 4 marks)
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10. A student is investigating the following statement about natural numbers.

“ n3 – n is a multiple of 4 ”

 (a) Prove, using algebra, that the statement is true for all odd numbers.
(4)

 (b) Use a counterexample to show that the statement is not always true.
(1)

_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________

a) When we are doing a proof with odd numbers ,
odd numbers

are represented by 2x + 1.

because we are showing that it is true for odd numbers ,
let

n = 2x + 1

sub in n =2x+ 1 n - n

expand bymultiplying)
= (2x + 1) - (2x + 1)

out one bracket at

a time,or by using = (4x2 + 4x + 1)(2x + 1) - 2x - 1
binomial expansion.

↓
= (8x3 + 8x + 2x + 4x + 4x + 1) - 2x - 1

= 8x3 + 12x + 4x we are trying to show that
it is a

↓multiple of
4

,
so if we can take out

a factor of 4
,
that means it is a

: 4(2x3 + 3x + 1) multiple of 4.

... n3-n is a multiple of 4 when h is odd
,
because

4 (2x3 + 3x + 1) is a multiple of 4 .

b) Use trial and error to find on even value of n in which n3n is
not a multiple of 4.

when n = 2 n3-n
= 23 - 2

= 8 - 2

= G which is not a multiple of 4

so non is not always true .
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Question 10 continued
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
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Question 10 continued
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
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Question 10 continued
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________

(Total for Question 10 is 5 marks)
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11. The owners of a nature reserve decided to increase the area of the reserve covered by trees.

 Tree planting started on 1st January 2005.

 The area of the nature reserve covered by trees, A km2, is modelled by the equation

A = 80 – 45ect

 where c is a constant and t is the number of years after 1st January 2005.

 Using the model,

 (a) find the area of the nature reserve that was covered by trees just before tree planting 
started.

(1)

 On 1st January 2019 an area of 60 km2 of the nature reserve was covered by trees.

 (b) Use this information to find a complete equation for the model, giving your value 
of c to 3 significant figures.

(4)

 On 1st January 2020, the owners of the nature reserve announced a long-term plan to 
have 100 km2 of the nature reserve covered by trees.

 (c) State a reason why the model is not appropriate for this plan.
(1)

_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________

a) Just before tree planting was started
,
t =0

.
So sub in t = 0 into

ctA = 80-45e to find A

et= 0 A = 80 - 43e
:

↓ e = I because anything tothe power of O
= 80 - 45 = 1

.

= 35hm2

b) A = 80 - 45ec

The 1st January 2019 is 14 years after
1st January 2005 so t = 14.

Wewre given A =60

sub in A= 60 and t = 14 to solve for C

60 : 80 - 45'*
14 C

- 20 = - 4Se

28 = 452149
14C

4/9 = C
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Question 11 continued
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________

(Total for Question 11 is 6 marks)

In 49 = Ine' ↳ Ine
x

= x

In 419 = 14 so Ine' = 14C

C = Han*9 = put into your calculator

c = - 0 .0579(to 3st)
sub c back into the equation to find the complete model

A = 80 - 452
0 .05797
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12.  In this question you should show all stages of your working.

Solutions relying entirely on calculator technology are not acceptable.

 (i) Solve, for 0 < θ  450°, the equation

5 cos2 θ = 6 sin θ

  giving your answers to one decimal place.
(5)

 (ii) (a) A student’s attempt to solve the question

“ Solve, for –90° < x < 90°, the equation  3 tan x – 5 sin x = 0 ”

   is set out below.

3 tan x – 5 sin x = 0

3 sin
cos

x
x

 – 5 sin x = 0

3 sin x – 5 sin x cos x = 0
3 – 5 cos x = 0

cos x = 
3

5

x = 53.1°

   Identify two errors or omissions made by this student, giving a brief explanation 
of each.

(2)

  The first four positive solutions, in order of size, of the equation

cos (5α + 40°) = 
3

5

  are α1 , α2 , α3 and α4

  (b) Find, to the nearest degree, the value of α4
(2)

_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________

I
.

2
.

3.

4.

5.

6.

i) cos'O can be written in terms of sinc.

sin20 + cosip = 1

cos20 : 1 - sin 'O

So
,

we can make the equation in terms of sin only.
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Question 12 continued
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________

1050 : 1-sinof Scos"O : GsinO

5)l-sin20) : Esino
5- Ssin20 = GsinO I rearrange

into a quadratic
equation in terms of sing.

-

a quadratic -> O = Ssino + Gsino-S
↑ X

equation in
S=a 6 = b = - S

terms of sino
,

So we can sino = -bl b2 - 492
solve using 20
the quadratic
equation , sino = -6 162 -4x5x- S

2xS

Sino = -61-36 + 100

10

sino = -6 I6
Sing E-1 .766 because sind

10 I must always be between-1 and I

Sino = 0
.
566

,
-1 .766

p = 34 . 58

the range is O LO 450% so find the remainingvalues by sketching
a sin graph.
sin

...................... 0 = 34 .

5 ; 145 .

5
,
394 .
5-

: F x034
.
50 145

.
580360394.

5 '450
1 M

- 1 =

180-34.
5 34

.5 + 180

= 145.
5
·

= 394
.

50

iia) 1
.
Between lines 3 and 4

,
the student cancels out since .

This means they
miss the solution sinc = 0 = 0

. (The student should have factorised
sinc out so that they could find since = 0 .

2
.
The student did not find all solutions in the given range -90 90

(in lines Sand 6) .
Because the cos graph is symmetrical, they missed the

solution x= -53.
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Question 12 continued
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________

COS

f drawing
the graph is not required,

-

is is just shows where the other solution is.

b) cos(Sc + 40) = 3/5

(5a + 40) = cs" (3/s) We need to find the 4th
59 +40 = 53

.

1 a ↓ value
,

so sketch the cos

graph and find the 4th

" I
point where cos(5a + 40) ="

360

O this is the value of
54 + 40 = 53

.

1'
,
306 .

9
,
413

.

1"
,
666

. 97 Sa + 40 we need

because we are

4th value : looking for 24.
666

.
9 = 54 + 40

626 .9 : 5x

& = 125
. 4

X= 125: to the nearest degree
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Question 12 continued
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________

(Total for Question 12 is 9 marks)
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13.

2.25

log10 h

O log10 m

Figure 2

 The resting heart rate, h, of a mammal, measured in beats per minute, is modelled by the 
equation

h = pmq

 where p and q are constants and m is the mass of the mammal measured in kg.

 Figure 2 illustrates the linear relationship between log10 h and log10 m

 The line meets the vertical log10 h axis at 2.25 and has a gradient of –0.235

 (a) Find, to 3 significant figures, the value of p and the value of q.
(3)

 A particular mammal has a mass of 5 kg and a resting heart rate of 119 beats per minute.

 (b) Comment on the suitability of the model for this mammal.
(3)

 (c) With reference to the model, interpret the value of the constant p.
(1)

_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________

(y)

↓ gradient = -0
. 235

(x)

a) We can use the linear model y-matc ,
where y-log,oh and

x = log ,om

gradient = -0
.
235

y = mx + c
y intercept = 2.

25

logioh = -0
. 23 Slogiom + 2

.
25

raise each side to

the power of 10. logioh = C
.
25-0 . 23 slogomglogion-h I

so the left hand h = 10
2 .

25-0. 23 slog ,om

side is now

equal to h.
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Question 13 continued
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________

h = 10 x 10
- 0. 235 log ,

m
use rule alog = log" :

2 . 25

h = 10225x10 log,om
- 0 . 235 ↓ - 0 . 23Slog,M = log,mo

.
23

2 . 25 - 0 .
235 ↓

/glogio = x

h = 10 XM so ,glog, mo
.235m-0

.35

- 0 .
235

n = 178m

so p = 178 andq = -0
.
235 to 3st

b) Sub in m = S and see what value of h the formula gives
- 0

.
235

h = 178m
- 0

.
235

n = 178x5
= 178 + 0

. 685
= 121 . 9 bpm
= 122bpm (1st)

now compare this to the actual value of h given in the question ,

The actual value of h is 119bpm .
This is

very close to 122bpm,
So the model is suitable.

c) h = pma

p would be the resting heart rate of a mammal with a mass of
leg . (This is because when m = 1

,
M-8 .

23
= 1 also

,
so hip

when m = 1)
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Question 13 continued
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
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Question 13 continued
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________

(Total for Question 13 is 7 marks)
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14. A curve C has equation  y = f(x)  where

f(x) = –3x2 + 12x + 8

 (a) Write f(x) in the form

a(x + b)2 + c

  where a, b and c are constants to be found.
(3)

 The curve C has a maximum turning point at M.

 (b) Find the coordinates of M.
(2)

R

l

O x

y

M

C

Figure 3

 Figure 3 shows a sketch of the curve C.

 The line l passes through M and is parallel to the x-axis.

 The region R, shown shaded in Figure 3, is bounded by C, l and the y-axis.

 (c) Using algebraic integration, find the area of R.
(5)

_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________

aComplete the square of f(x) : - 3x + 12x + 8

take out a factor of 3 from the

f(x) =
- 3x2 + 12x + 8 ↓ first two terms
=

- 3(x - 4x) + 8
then complete the square

: - 3((x - 2) - 4) + 0 ↓ inside the brackets

= - 3(x - 2)2 + 12 + 8
Gremember to multiply the - 4 by -3

f(x) = -3(x - 2)2 + 20
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Question 14 continued
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________

b) The curve is in the form a(x + b)2+ c
.

The co-ordinates of the
turning points are always (b ,

c)

f(x) =
- 3(x - 2)" + 20

b2 20

( b
, c) = (2 ,

20)

co-ordinates of M = (2
,
20)

c

(2 ,20)
20 -----

"
T crea

i
To find the area of R ,

we need to integrate curve C to find area
T

,
and subtract it from the rectangle which contains R andT

area of rectangle R + T = 20 x 2 = 40

area of R = 40 - area of T
- 40 -

- 3x2 + 12x + 8dx
O

= 40 - [-zx +zx + 8x] ↓ integrate tofn
as

O adding I to the
power and dividing

= 40
- ( -x + 6x + 8x) by the new power

O

- 40 - (1-2 + 6 -22 + 8 x2) - (03 + 60 + 8 x0))
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Question 14 continued
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________

· 40 - (7 8 + 24 + 16) - 0)
: 40 - (32)

area of R = 8
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Question 14 continued
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________

(Total for Question 14 is 10 marks)
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15.

P

l

O
x

y

N

C

Figure 4

 Figure 4 shows a sketch of a circle C with centre N(7, 4)

 The line l with equation  y = 
1

3
x  is a tangent to C at the point P.

 Find

 (a) the equation of line PN in the form  y = mx + c, where m and c are constants,
(2)

 (b) an equation for C.
(4)

 The line with equation  y = 
1

3
x + k, where k is a non-zero constant, is also a tangent to C.

 (c) Find the value of k.
(3)

_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________

a) To find PN , we need to know the gradient and a point on the line

to sub into y
= mx +c the target is always perpendicular to the

line from the centre of the circle to the point
where the targent touches the circle .

gradient of (= gradient of PN = -3 because " Bx-3 = -1

↑
so their two gradients

multiply to give-1.
point N = (7 , 4) y= mx + c

y
= -3x + c

4 = 3x7 + C

4 = - 21 + C

c = 25

y =- 3x + 25
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Question 15 continued
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________

6) We already have the centre of C so we needto find the radius

P is where the largest and circlemeet ,
so solve y: -3x + 25 and

y = 1x simultaneously to find co-ordinates of P .

y
= 3 x set equal ->

Y3x =
- 3x + 25

y
= - 3x + 25 1013x = 25

10x = 75

x = 152

y
= " 3x

,
so y

= "

p = (, 5)

Find length PN using pythagoras ,
which is the radius.

Nit a = b2 + c

I'*, 51)
r = PN = (7-)2 + (4 - 3)2

= (z)" + (3)2
r = PN =

52

the equation of a circle is (x-a) + (y -b) = r2
,
where 19

, b) are

the co-ordinates of the centre (7 , 4) and is the radius,

(x -a) + (y -b) = r2
2

(x - 7) 2 + (y - 4)2 = E

(x - 7) + (y- 4)2 = 5
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Question 15 continued
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________

C) y
= x + 1

T
(7 ,4)

↑
(14

, 52)

-
IT is the circle and the line's point of intersection)

We want to find the co-ordinates of T , so we can sub the values into

y = 3x +1 to find the value of he

-We knowT and Pare equidistant from N because they lie onthe radius
,
so
on I

->

PN = N-P (since we always subtract the first letter from the 2ndl
= (7 , 4) - (11 , 52)
: (0

. 5)
so + ="Y) + (ii)

= (3) + = ( .
5

,
5

. 9)
Sub in (6 .

S
,

S
.5) into yevacct le to find

y = (3x + k

5
.
5 : %3x6 .

5 + h

1V2 = 1376 + k

k =
1%3
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16. The curve C has equation  y = f(x)  where

f(x) = ax3 + 15x2 – 39x + b

 and a and b are constants.

 Given
• the point (2, 10) lies on C
• the gradient of the curve at (2, 10) is –3

 (a) (i) show that the value of a is –2

  (ii) find the value of b.
(4)

 (b) Hence show that C has no stationary points.
(3)

 (c) Write f(x) in the form (x – 4)Q(x) where Q(x) is a quadratic expression to be found.
(2)

 (d) Hence deduce the coordinates of the points of intersection of the curve with equation

y = f(0.2x)

  and the coordinate axes.
(2)

_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________

a differentiating f(x) eliminates b ,
so we can find the value of a

Differentiate f(x) by bringing down the power ,
andsubtracting one from the

power .

f'(x) = 3ax + 2x15x - 39

f(x) = 3ax2 + 30x - 39

&x = 2 f'(x) = 3 3: Sax2 + 30x2-39

3 = 12a + 60 -39
- 24 = 12a

a = - 2

Now sub in a= -2
,
and (2 ,

10) into flat to find the value of b

f(x) = ax + 1Sx
2

- 39x + b
3

a =- 2
,

x = 2
, y

= 10 10 = - 2x2 + 15x2" - 39x2 + b

10 = - 16 + 60 - 78 + b

10 = - 34 + b

b = 44
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Question 16 continued
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________

b) Stationary points occur when the gradient =0
, (1(x) =0

. So we

must show that there are no values of s when f'() =0

f'(x) = 3ax2 + 30x - 39
x=-2 f(x) = - 6x2 + 30x - 39

set gradient = O -> 0 = - 6x2 + 30x - 39

use quadratic formula -> x = - 30 = 302 - (4x- 6x -39)

2x - 6
x= -bis2-4ac

=
- 30 1900 - 936

2a

- 12
the discriminant (b2-4ac)

=
- 30 = - 36 E is negative. You cannot take

- 12 the square root of a

negative number
,
so there

are no solutionsof

f'(0) never equals 0 ,
so f(x) has no stationary points

e - 2x2 7 - I
divide-2x + 15c2-39 + 44

x
= 2x3

3.

7x2
S

.

- Ils2 Y
by ( - 4) to find the

- 428 ,72": 283
%

44
quadratic Q.

f(x) = (x -4)) - 2x2 + 7x - 11)

d) When the curve intersects the y acis,
=o

f(0 .2x) = f(0 .2 = 0) : f(0) =
-2(03) + 15(02) - 39(0) + 44

f(0) = 44

so intersection with y ais = (0 , 44)
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Question 16 continued
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________

(Total for Question 16 is 11 marks)

TOTAL FOR PAPER IS 100 MARKS

When the curve intersects the c as y:o ,
so f(x) =0

First find point of intersection of f(x)

f(x) = 2x + 15x2 - 39x + 44
use quadraticf(x) = 0 0 = (x - 4)) - 2x2 + 7x - 11)
E formula to solve

2 = 4x = 7 = 49 - (4X- 2x -11)
for

2x- 2 (-2x3 + 7x - 11) gives
= - 7 =39 I no real solutions

,
so↓ - 4 the only solution to

((x) = 0 is <= 4

when f(x) = 0 x = 4

intersection : (4 , 01
We need to find when (0 .2x) = 0

. f(0 .2x) is a stretch of flu) paralled to
the < ais with a scale factor s, so the point of intersection is (4

,
0)

multiplied by S ,
which is (20 , 0).

interection of wis (20
,
0)

intersection of yaus (0 , 44)
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