Mathematics
Paper 4

Algebra & Graphs

QOUESTIONS



(a) The table shows some values for y = 2x> —4x? +3.

x -1 -0.5 0 0.5 1 1.5 2
¥y -3 1.75 0.75 3
(i) Complete the table. [3]

(i) On the grid, draw the graph of y=2x>—4x*+3 for —1<x<2.
gri grap y
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@iii) Use your graph to solve the equation 2x’ —4x”+3 =15,

(iv) The equation 2x° —4x?+3 = k has only one solution for —1 <x < 2.

Write down a possible integer value of k.



(b)

— 4=

(i) On the grid, draw the tangent to the curve at x = 1.

(ii) Use your tangent to estimate the gradient of the curve at x = 1.

iii) Write down the equation of your tangent in the form y = mx+c.

(1]



(a) Write as a single fraction in its simplest form.
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(b) 212205 =32

Find the value of .



(¢) Expand and simplify.
0+)HO-H-1)

- [3]

(d) Make x the subject of the formula.
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(a) Naga has n marbles.
Panav has three times as many marbles as Naga.
Naga loses 5 marbles and Panav buys 10 marbles.
Together they now have more than 105 marbles.

Write down and solve an inequality in n.

(b) y is inversely proportional to x2.
When x =4, y=17.5.

Find y when x = 5.



10 f(x) = 4x—1 g(x) = x* h(x)=37"
(a) Find in its simplest form

@ f(x-3),

................................................. [1]

i) g(5x).
................................................. [1]

(b) Find f'(x).
FH0) = e [2]

(¢) Find the value of hh(l), correct to 4 significant figures.



(d) (i) Show that g(3x—2)—h(—3) canbe writtenas 9x*—12x—23.

(2]
(ii) Use the quadratic formula to solve Ox?—12x—23 =0.
Give your answers correct to 2 decimal places.
X = e O X = oreeveveeeeereneeneenenee | 4]

(e¢) Find x when f(61) = h(x).



11 A curve has equation y = x* =3x+4.

(a) Work out the coordinates of the two stationary points.

(b) Determine whether each stationary point is a maximum or a minimum.
Give reasons for your answers.

(3]



(a) s =ut+ %a!t2

Find the value of s when u = 5.2, t=7and a=1.6 .

= eeeeeseeeseseesesses e 2]
(b) Simplify.
() 3a—Sb—a+2b
................................................. 2]
(ii) 35—x x 3—3
................................................. 2]
(¢) Solve.
@ 2=-3
BT oo s []
(i) 4(5-3x) =23
XD oo eeees e 3]

10



(d) Simplify.
Q793

(e) Expand and simplify.
(Bx = 5p)(2x +y)

- [2]

Raheem makes baskets and mats.
Each week he makes x baskets and y mats.

He makes fewer than 10 mats.
The number of mats he makes is greater than or equal to the number of baskets he makes.

(a) One of the inequalities that shows this informationis y < 10.

Write down the other inequality.

(b) He takes 2% hours to make a basket and 1% hours to make a mat.
Each week he works for a maximum of 22.5 hours.

Show that 3x+2y < 30.

(2]

11



(¢) On the grid, draw three straight lines and shade the unwanted regions to show these inequalities.

16

151

14

13

12

11

10

(5]
(d) He makes $40 profit on each basket he sells and $28 profit on each mat he sells.

Calculate the maximum profit he can make each week.



(¢) (i) Write x’+10x+14 inthe form (x+a)”+b.

................................................. [2]
(ii) On the axes, sketch the graph of y = x”+ 10x+ 14, indicating the coordinates of the
turning point.
yﬂ
o X
[3]

13



10 (a) Arhombus ABCD has a diagonal AC where 4 is the point (—3, 10) and C is the point (4, —4).

(i) Calculate the length AC.

(i) Show that the equation of the line AC'is y=—2x+4.

(iii) Find the equation of the line BD.

[2]

14



b) A curve has the equation = x> +8x2 +5x.
( q y

(i) Work out the coordinates of the two turning points.

(ii) Determine whether each of the turning points is a maximum or a minimum.
Give reasons for your answers.

(3]

15



f(x) = 3x+2 gx) =x"+1 h(x) = 4*

(a) Find h(4).

(b) Find fg(1).

¢) Find gf(x) in the form ax’ +bx+c.
(©) g

(d) Findxwhen f(x)=g(7).

(e) Find ™' (x).



(H Find %+x.

Give your answer as a single fraction, in terms of x, in its simplest form.

(2) Findxwhen h7'(x)=2.

17



9

(@) (i) Write x*+8x—9 intheform (x+k)’+h.

(ii) Use your answer to part (a)(i) to solve the equation X +8x—9=0.

(b) The solutions of the equation x> +bx+c=0 are —

Find the value of b and the value of c.

18



© @

A
>
o x
On the diagram,
(a) sketch the graph of y = (x—1)2, [2]
(b) sketch the graph of y = Tx+1. 2]

(i) The graphsof y=(x—1)2 and y= %x +1 intersect at 4 and B.

Find the length of 4B.



10 (a) y=x'—4x

(i) Find the value of y when x =—1.

3

(ii) Find the two stationary points on the graph of y = x*—4x°.

(...
(e
(b) y=x"+21
Q = 11x'" 4+ 10x*, where Q is the derived function
dx > dx '
Find the value of p and the value of g.

[2]

R N ()
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4

(a) Solve the inequality.

(b) Solve the equation.

3m+12<8m—5

2x+5 _ 14
3—x 15

21



©

Solve the simultaneous equations.
You must show all your working.

y=4-x
x2+2y2 =67

22



5

All the lengths in this question are in centimetres.

A x+1 F

x+3

4x -5

The diagram shows a shape ABCDEF made from two rectangles.
The total area of the shape is 342 cm?.

(a) Showthat x*>+x—72=0.

(b) Solve by factorisation.
X +x—72=0

NOT TO
SCALE

[5]

23



9

(a) The equation of line L is 3x—8y+20 = 0.

(i) Find the gradient of line L.

(ii) Find the coordinates of the point where line L cuts the y-axis.

24



(b) The coordinates of P are (—3, 8) and the coordinates of Q are (9, —2).

(i) Calculate the length PQ.

(ii) Find the equation of the line parallel to PQ that passes through the point (6, —1).

. 3]

(iii) Find the equation of the perpendicular bisector of PQ.

- [4]

25



10 (a) The diagrams show the graphs of two functions.

Write down each function.

()]
f(x)‘ /
/5
/ 5 0 ‘;x
X)) = e
(i)
f(x)
A
0 18d° 60° X
_2_
X)) = e

26



(b)

The diagram shows the graph of another function.

By drawing a suitable tangent, find an estimate for the gradient of the function at the point P.

27



1

(2)

(b)

©

C))

f(x) = Tx—4 g(x) = x#3 h(x) =x’

x—3

Find g(6).

................................................. [1]
Find fg(4).
................................................. [2]
Find th(x).
................................................. [1]
f
Find % +g(x).
Give your answer as a single fraction, in terms of x, in its simplest form.
................................................. [3]

28



(e) Find the value of x when f(x+2)=—11.

(f) Find the values of p that satisfy h(p) = p.

29



12 (a) A curve has equation y = 4x’ —3x+3.

(i) Find the coordinates of the two stationary points.

(ii) Determine whether each of the stationary points is a maximum or a minimum.
Give reasons for your answers.

[3]

30



(b) The graphof y=x*—x+1 isshown on the grid.

. [3]

31
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(a) The diagram shows the graph of y=1f(x) for -3 <x<3.

A

20

—

i

=

P—

rd

—

-12

(i) Solve f(x)=14.

(ii) By drawing a suitable tangent, find an estimate of the gradient of the graph

at the point (=2, 4).

32



(iili) By drawing a suitable straight line on the grid, solve f(x) =2x—2 for -3 sx<3.

(b)

NOT TO
B > SCALE

UV

The diagram shows a curve with equation y = 27 —2x-17.
The straight line with equation y =3x+5 intersects the curve at the points 4 and B.

Find the coordinates of the points 4 and B.

)L )
) G ) 5]

33
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(a) Factorise completely.
3a’h—ab’

(b) Solve the inequality.

3x+12 < 5x-3

(¢) Simplify.

(d) Solve.

(e) Expand and simplify.
x=2)(x+5)(2x—1)

34



10 (a)

A
NOTTO
SCALE
B -
A 0 / X
C
The diagram shows a sketch of the curve y = x> +3x—4.
(i) Find the coordinates of the points 4, B and C.
[ (R s eererereenanns )
B (i RN )
[ O QT s cererrenienens ) [4]

(i) Differentiate x>+3x—4.

(iii) Find the equation of the tangent to the curve at the point (2, 6).

35



(b)

90° 180° 270° 360°  *

(i) On the diagram, sketch the graph of y =tanx for 0° < x < 360°.

(ii) Solve the equation Stanx =—7 for 0° < x < 360°.

[2]

36



Ahmed sells different types of cake in his shop.
The cost of each cake depends on its type and its size.

Every small cake costs $x and every large cake costs $(2x + 1).
(a) The total cost of 3 small lemon cakes and 2 large lemon cakes is $12.36 .

Find the cost of a small lemon cake.

(b) The cost of 18 small chocolate cakes is the same as the cost of 7 large chocolate cakes.

Find the cost of a small chocolate cake.

(¢) The number of small cherry cakes that can be bought for $4 is the same as the number of large
cherry cakes that can be bought for $13.

Find the cost of a small cherry cake.

37



(d) Petra spends $20 on small coffee cakes and $10 on large coffee cakes.
The total number of cakes is 45.

Write an equation in terms of x.
Solve this equation to find the cost of a small coffee cake.
Show all your working.

38



y=x2+%, x#0

(a) Complete the table.

X 0.2

0.3

0.5

1 1.5

2.5

y 5.0

34

23

29

6.7

(b) On the grid, draw the graph of y =x’ +% for 0.2<x<25.

The graph of y = 2+ % for —2.5<x<-—0.2 has been drawn for you.

3

\ i

(2]

[4]

39



(¢) By drawing suitable straight lines on the grid, solve the following equations.

1

(i) x*+=-2

@ +lix—1=0

(d) kisan integer and the equation x° +% =k has three solutions.

Write down a possible value of &.

40



10

L x40 00 = 5*

X

fx)=x*+1 g(x)=1-2x h(x) =

(a) Find the value of

® f(3),
................................................. [1]
(i) gf(3).
................................................. [1]
(b) Find g”' (»).
E T 0 = et [2]
(¢) Find x when h(x) = 2.
X = e nr e [1]
(d) Find g(x)g(x) — gg(x), giving your answer in the form ax’ +bx+c.
................................................. [4]

41



(e) Find hh(x), giving your answer in its simplest form.

(® Find j(5).

(g) Findx when j~™'(x) = 2.

(h) j(x) =hg(=12)

Find the value of x.

42



7 (a) (i) Factorise 24+5x—x>.

................................................. [2]
(i) The diagram shows a sketch of y =24+ 5x—xZ.
y“ NOT TO
< SCALE
a [9) b X
Work out the values of a, b and c.

L
D= s
C = oo [3]

2

(iii) Calculate the gradientof y=24+5x—x" atx=-1.5.



(b) (i) On the diagram, sketch the graph of y=(x+1)(x— 3)%.
Label the values where the graph meets the x-axis and the y-axis.

Y,

T

(4]

(i) Write (x+1)(x—3)? inthe form ax’+bx*+cx+d.

44
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(a) Find the integer values that satisfy the inequality 2 < 2x < 10.

(b) Factorise completely.

(i) 6°—15y

() »*—9x*

(¢) Simplify.

3 __2
x—1 2x+1

45



d) The straight line =3x+2 intersects the curve =2x>+7x—11 at two points.
g Yy y p

Find the coordinates of these two points.
Give your answers correct to 2 decimal places.

46



10 f(x) = 4—3x gx) =x*+x h(x) = 3*

(a) Find fh(2).

................................................. [2]
(b) Find f!(x).
S 6 [2]
(c) Simplify.
(i) f(1-2x)
................................................. [2]
(i) gf(x) —9g(x)
................................................. [4]
1
@ 552"
Find the value of k.
= e [2]

47



5 The table shows some values for y = >x>—2x for —3 <x<3.

10
x -3 -2 -1.5 -1 0 1 L5 2 3
v 2.0 1.7 0 -2.0 -1.6
(a) Complete the table. [3]

(b) On the grid, draw the graph of y = 3 *—2x for —3<x<3.

mx

A
2
1
-3 2 -1 0 1 2 30X
-1
-2
[4]
(¢) On the grid opposite, draw a suitable straight line to solve the equation 13—0x3 —2x = %(1 —x) for
—-3<x<3.
X = e O X = e eneen OF X = e (4]
(d) For —3 <x <3, the equation 13—0x3 —2x =1 has n solutions.
Write down the value of .
FLS ittt [1]

48



(@)

(b)

©

@

(e)

3
x+2°

f(x) = x#—2 g(x)=8x—5 h(x) =x*+6

Work out g(%)

Work out ff(2).

Find gg(x), giving your answer in its simplest form.

Find g '(x).

Write g(x)—f(x) as asingle fraction in its simplest form.

- [1]

- [2]

- [2]

(2]

. 3]

49



(f) (i) Showthat hg(x)=19 simplifiesto 16x*>—20x+3 =0.

(i) Use the quadratic formula to solve 16x>—20x+3 = 0.
Show all your working and give your answers correct to 2 decimal places.

(3]

50



10 (a) Solve the simultaneous equations.
You must show all your working.
6x+ 5y =27
5x—3y =44

x=
y=
(b) yis inversely proportional to (x+3)?.
Whenx=2,y=38.
Find y when x = 7.
y=

(¢) Solve the inequality.
3(x-2) <7(x+2)

- 4]

- 3]

. 3]

51



2

The table shows some values for y = 430+ 2.

x =35 -3 =25 -2 -1.5 -1 -0.5 0 0.5 1 1.5
y -4.1 5.1 6 54 4 2.6 2.9 121
(a) Complete the table. [3]

(b) On the grid, draw the graph of y=x>+3x+2 for —3.5<x<15.

e

[4]

(e) For —3.5<x<1.5,theequation x*>+3x>+2=rk has three solutions and k is an integer.

Write down a possible value of k.

52



7

()

s =ut+ %at2

(i) Findswhent=265u=1043anda=-2.2.
Give your answer in standard form, correct to 4 significant figures.

(ii) Rearrange the formula to write a in terms of u, ¢ and s.

53
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NOTTO
SCALE
-1
(x=1em (x—2)cm
(2x+3)cm (x+ 1cm
The difference between the areas of the two rectangles is 62 cm?.
(i) Showthat x2+2x—63=0.
[3]
(i) Factorise x°+2x—63.
- [2]

(iii) Solve the equation x*+2x—63 =0 to find the difference between the perimeters of the two
rectangles.

crersrrnnnene €M [2]

54



f(x)=Tx—2 gkx)=x+1 h(x) = 3

(a) Find gh(2).

(b) Find £~ I(x).

(©) geglx)= ax* + b+ e

Find the values of @, b and c.

(d) Find x when hf(x) = 81.

. [2]

(2]

)

. 3]

55



(iii) Solve by factorisation 107> —23r+9 = 0.

(3]

56
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(a) The equation of a straight line is 2y = 3x+4.

(i) Find the gradient of this line.

(ii) Find the co-ordinates of the point where the line crosses the y-axis.

(b) The diagram shows a straight line L.

-2

(i) Find the equation of line L.

(ii) Find the equation of the line perpendicular to line L that passes through (9, 3).

.

) 1]

. I3]

. I3]

57



(¢) A is the point (8, 5) and B is the point (—4, 1).

(i) Calculate the length of AB.

(ii) Find the co-ordinates of the midpoint of AB.

58



for 0.15<x<3.5.

The table shows some values of y = i —%

x 0.15 0.2 0.5 1 1.5 2 2.5 3 3.5

y 3.30 0.88 —0.04 —043 | —0.58 | —0.73

(2) Complete the table.

1 X r015<x<35.

(b) On the grid, draw the graph of y = >4

The last two points have been plotted for you.

A

3.5

3.0

2.5

2.0

1.5

1.0

0.5

-0.5

-1.0




(¢) Use your graph to solve the equation 1_x_ % for 0.15<x<3.5.

X
2x 4

(d) () On the grid, draw the line y =2 —x. [2]

(ii) Write down the x co-ordinates of the points where the line y = 2 —x crosses the graph of

1 x
=—_2 <
Y=5:"2 for 0.15<x<3.5.

% can be used to find the value of v2 for 0.15 <x<3.5.

(e) Show that the graph of y = %

(2]

60
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(a) Expand and simplify.

(b) Factorise completely.

() 15°¢’-25¢°

(x+7(x—3)

(i) 4fg+6gh+ 10fk+ 15k

(i) 814> —m’

(c) Solve the equation.

3-4)+5t2 =6

.2

- [2]

- [2]

- [2]

- [4]

61



2

(a) Solve.
5x—17="T7x+3

(b) Find the integer values of n that satisfy this inequality.

—7<4n<8

(¢) Simplify.

(i) a’*xa’

(i) (o??

i) (27x 12)'3

- [2]

- [3]

- [1]

.21

- [3]

62



2, x#0.

_2_
x

2

=X

f(x) where f(x)

The diagram shows the graph of y

5

AN

e

efad

Feiedad

3

63



(a) Use the graph to find

@ f(Q),

(i) ff(-2).

(b) On the grid opposite, draw a suitable straight line to solve the equation

xz—%—'i ——3x for—3<x<3.

(¢) By drawing a suitable tangent, find an estimate of the gradient of the curve at x = —2.

(d) (i) Complete the table for y = g(x) where g(x)=2"for—3 <x<3.

x =3 -2 -1 0 1 2

0.125

(i) On the grid opposite, draw the graph of y = g(x).

(iii) Use your graph to find the positive solution to the equation f(x) = g(x).

- [l

- [2]

[4]

K

[3]

[3]

1]

64



7

A straight line joins the points 4 (—2, —3) and C (1, 9).

(a) Find the equation of the line AC in the form y = mx + c.

y —
(b) Calculate the acute angle between AC and the x-axis.
(¢) ABCD is a kite, where AC is the longer diagonal of the kite.
B is the point (3.5, 2).
(i) Find the equation of the line BD in the form y = mx + c.
y —

(i) The diagonals AC and BD intersect at (—0.5, 3).

Work out the co-ordinates of D.

k)

. 121

k)

SRS B )

65



(b) Solve by factorisation.
4x? —25x—21=0

X = trirrirernreenennens OF X = reerreeennnns [3]
7 (a) Oranges cost 21 cents each.
Alex buys x oranges and Bobbie buys (x +2) oranges.
The total cost of these oranges is $4.20 .
Find the value of x.
X T ettt et [3]

(b) The cost of one ruler is r cents.
The cost of one protractor is p cents.

The total cost of 5 rulers and 1 protractor is 245 cents.
The total cost of 2 rulers and 3 protractors is 215 cents.

Write down two equations in terms of » and p and solve these equations to find the cost of one
protractor.

........................................... cents [5]



(¢) Carol walks 12km at xkm/h and then a further 6km at (x— 1) km/h.
The total time taken is 5 hours.

(i) Write an equation, in terms of x, and show that it simplifies to 5x* —23x+12 = 0.

(3]
(i) Factorise S5x*—23x+12.
.................................................... [2]
(iii) Solve the equation 5x*—23x+12 = 0.
X = tieeeeeeeeirreeenes OTX = . [1]
(iv) Write down Carol’s walking speed during the final 6 km.
........................................... km/h [1]

67



A car hire company has x small cars and y large cars.

The company has at least 6 cars in total.

The number of large cars is less than or equal to the number of small cars.
The largest number of small cars is 8.

(a) Write down three inequalities, in terms of x and/or y, to show this information.

(b) A small car can carry 4 people and a large car can carry 6 people.
One day, the largest number of people to be carried is 60.

Show that 2x+3y < 30.

(1]

0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 *

By shading the unwanted regions on the grid, show and label the region R that satisfies all four
inequalities. [6]

(d) (i Find the number of small cars and the number of large cars needed to carry exactly 60 people.

weeeeee Small cars, ........ large cars [1]

(ii) When the company uses 7 cars, find the largest number of people that can be carried.

- [2]

68



3

A line joins A4 (1, 3) to B (5, 8).

(a) (i) Find the midpoint of AB.

(ii) Find the equation of the line AB.
Give your answer in the form y = mx+c.

69



The table shows some values of y = ‘% + Lz — %,

X

x#0.

X

=3

=2

-1

—0.5

—0.3

0.2

0.3

0.5

¥

53

33

8.1

17.8

4.5

0.1

-0.5

1.3

(a) Complete the table.

(b) On the grid, draw the graph of y= ‘% +

2

X

o\

1_2
2 x

181

g

R

st

4

i3

12

11

10

for —3<x<-03and 0.2 <x<3.

B3]

[3]

70



2
(¢) Use your graph to solve % + é -

T

<0.

..................... SXS i [2]
2
(d) Find the smallest positive integer value of k for which % + Lz - % =k has two solutions
x
for -3<x<-03and 0.2 <x<3.
.................................................... [1
2
(e¢) (i) By drawing a suitable straight line, solve % + Lz — % =3x+1 for—3<x<-0.3and
X
02<x<3.
X T e eraeaes s ernenen s ere s [3]
2
(ii) The equation xj+%— % =3x+1 canbewrittenas x*+ax’®+bx’+cx+2=0.
x
Find the values of @, b and c.
= oottt ettt ettt
D= e
€= ttietieeee et [3]

71



fx)=7-2x
(a) Find
@ f(=3),
(i) hg(30),
(i) 7).
(b) Solve.
g2x+1)=4

g =12, x#0

h(x) =27

.M

. 2]

[2]

. 13

72
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(¢) Simplify, giving your answer as a single fraction.

(d) Find h™!(19683).

(a)

Make p the subject of

i Spt+7=m,

i) ' —2p*=h.

ﬁw(x)

- [3]
.1
D= et 2]
P oot [3]

73



2

(a) The diagram shows a triangle and a quadrilateral.

All angles are in degrees.
NOT TO
y SCALE

a+2b 2a b+50 4b—2a

(i) For the triangle, show that 3a+35b = 170.

[1]
(ii) For the quadrilateral, show that 9a+7b = 310.
[1]
(iii) Solve these simultaneous equations.
Show all your working.
a =
(iv) Find the size of the smallest angle in the triangle.
- [1]

74



(b) Solve the equation 6x—3 =—12.

x —
(¢) Rearrange 2(4x—y)=S5x—3 to make y the subject.
y —
(d) Simplify. 2
27x%)3
(e) Simplify.
x> +5x
x* =25

75



3

The table shows some values for y = x’ +x*—5x.

X

-3

-2

-1.5

-1

1.5

2.5

y

-3

6

6.4

-1.9

9.4

(a) Complete the table.

(b) On the grid, draw the graph of y=x’+x’—5x for —3 <x<3.

y
A
25

(3]

(4]
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(¢) Use your graph to solve the equation x° +x*—5x = 0.

(d) By drawing a suitable tangent, find an estimate of the gradient of the curve at x = 2.

(¢) Write down the largest value of the integer, k, so that the equation x° +x* —5x =k has three solutions
for -3 <x<3.
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f(x) = 2x—3
(a) Find

@ f@,

i) hg3),

(iii) g(2x) in its simplest form,

(iv) fg(x) in its simplest form.

(b) Find £ (x).

(¢) Find x when S5f(x)=3.

g(x)=9—x

2

h(x) = 3*

-1

. 12]

-1

- 12]

(2]

. 2]
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(d) Solve the equation gf(x) =—16.

(¢) Find x when h™'(x) =—2.

10 Solve.
__2 _
x+1

3

==

Show all your working and give your answers correct to 2 decimal places.
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The table shows some values for y = 2x+ % =3 for 0.125<x<3.

x 0125|025 [0375| 05 | 075 | 1 15 | 2 | 25 | 3
y | 525 | 15 | 042 o | o067 | 15 333
(a) Complete the table.
(b) On the grid, draw the graph of y=2v+=—3 for 0.125<x<3.
y
A
6
5
4
3
2
1
)
0 0.5 1.5 5 3

[3]

[4]
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(c) Use your graph to solve 2x+ % -3=22.

(d) The equation % =7—3x can be solved using your graph in part (b) and a straight line.

(i) Write down the equation of this straight line.

(ii) Draw this straight line and solve the equation % =7-3x.
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4

(a) Make ¢ the subject of the formula s = k-1

(b) (i) Factorise x*—25.

2
" L —25
Simpl R
(ii) Simplify R

(¢) Write as a single fraction in its simplest form.

x—8 3x
x x+1

(d) Find the integer values of n that satisfy the inequality.

18—2n < 6n<30+n

-[2]

-1

-.[3]

-[3]

-[3]
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Klaus buys x silver balloons and y gold balloons for a party.

He buys
*  more gold balloons than silver balloons
*  atleast 15 silver balloons
*  less than 50 gold balloons
* atotal of no more than 70 balloons.

(a) Write down four inequalities, in terms of x and/or y, to show this information.

. [4]
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(b) On the grid, show the information from part (a) by drawing four straight lines and shading the
unwanted regions.

[3]

(c) Silver balloons cost $2 and gold balloons cost $3.

Calculate the most that Klaus could spend.
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10 (a)

y
A
Y NOT TO
(-3,4) SCALE
| \ .
B
(6,-2)

Calculate the length of AB.

- [3]
(b) The point P has co-ordinates (10,12) and the point O has co-ordinates (2, —4).
Find
(i) the co-ordinates of the mid-point of the line PQ,
(ii) the gradient of the line PQ,
- [2]
(iii) the equation of a line perpendicular to PQ that passes through the point (2, 3).
- [3]
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5

(a) Factorise.

@) 2mn+m*—6n—3m

(i) 4" -81

(iii) #—61+8

(b) Rearrange the formula to make x the subject.

k= 2m—x

X
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(¢) Solve the simultaneous equations.
You must show all your working.

Sx+y =28

3 4
@ m+d m O

(i) Show that this equation can be written as  6m” +25m+16 = 0.

(i) Solve the equation 6m*+25m+16 = 0.
Show all your working and give your answers correct to 2 decimal places.

. [3]

[3]

(4]
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7

The graph of y=10—8x> for —1.5<x< 1.5 isdrawn on the grid.

12
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(a) Write down the equation of the line of symmetry of the graph.

................................................ [1]
(b) On the grid opposite, draw the tangent to the curve at the point where x = 0.5 .
Find the gradient of this tangent.
................................................ [3]
(¢) The table shows some values for y = x> +3x+4.
X -1.5 -1 -0.5 0 0.5 1 1.5
y -39 5.6 8 11.9
(i) Complete the table. [3]
(i) On the grid opposite, draw the graph of y=x’+3x+4 for —15<x<15, [4]
(d) Show that the values of x where the two curves intersect are the solutions to the
equation x’ +8x*+3x—6=0.
(1]
(e) By drawing a suitable straight line, solve the equation x’+5x+2=0 for —15<x<15.
X = ettt en [3]
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4

(a) Simplify.

o Gy

() 1836+ 207

w

(b) In this part, all measurements are in metres.

5x—-9

3x+7

The diagram shows a rectangle.
The area of the rectangle is 310m?.

Work out the value of w.

2]
2]
1]
NOT TO
SCALE
S )
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(a) Complete the table of values for y = Y

x3

1
2x%°

——,x#0.

X

-3

-2

-1

-05

-0.3

03

0.5

Y

-9.1

—-28

-0.8

—5.6

-55

-2.0

8.9

(b) On the grid, draw the graph of y

3
=% L for -3<x<-03 and 03<x<3.
3

y
A

10

= X

[3]

[3]
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(¢) (i) By drawing a suitable tangent, find an estimate of the gradient of the curve at x = —2.

................................................. [3]
(ii) Write down the equation of the tangent to the curve at x = —2.
Give your answer in the form y = mx + c.
o s [2]
(d) Use your graph to solve the equations.
3
X 1
—— =0
@ 3 22
X = oo [1]
3
X 1
L _44=0
® 3722
X = eeeerieeeenens OFX = coccveeeeeeeeenns OFX = cccoveeeeeeeeennn [ 3]
3
(e) The equation X L+4 =0 can be written in the form ax” + bx" 3 —3 = 0.
302
Find the value of a, the value of b and the value of n.
O i s e
D=
FL= croeeeeseeeee e eesseesesse s eneeenes (3]
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10

f(x) =8—3x g(x):x+1,x9é—1 h(x) =2~
(a) Find
o ni(3)
................................................. [2]
(i) gh(-2),
................................................. [2]
(ii)) g™ (),
8 () = e [3]
@iv) f'(S).
................................................. [1]
(b) Write f(x)+ g(x) as a single fraction in its simplest form.
................................................. [3]
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(@ @

(i)

(b) On the grid, draw the graphs of y=2" and y=14—x" for 0<x<4.

X

y=2

Complete the table.

X

0

y

y= 14—x*

Complete the table.

X

0

y

13

10

y
A

16

14

12

10

[2]

[2]

(6]
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(¢) Use your graphs to solve the equations.

®

(i)

@ ®
(i)

2'=12

XS s [1]
2= 14-x*

X T ettt aenes [1]
On the grid, draw the line from the point (4, 2) that has a gradient of —4. [1]
Complete the statement.
This straight lin€ iS @ .....ccoeevvvvvervvrrrereneens to the graph of y = 14—x*
at the point ( .......... R ). [2]
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5

(a) At a football match, the price of an adult ticket is $x and the price of a child ticket is $(x —2.50).

There are 18 500 adults and 2400 children attending the football match.
The total amount paid for the tickets is $320040.

Find the price of an adult ticket.

$.....
(b) (i) Factorise y*+5y—84.
(ii)
NOT TO
yem SCALE

(y+5)cm

The area of the rectangle is 84 cm?.

Find the perimeter.

. [4]

- [2]

.. cm[3]
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(¢) Inashop, the price of a monthly magazine is $m and the price of a weekly magazine is $(m —0.75).
One day, the shop receives
* $168 from selling monthly magazines
*  $207 from selling weekly magazines.
The total number of these magazines sold during this day is 100.

(i) Show that 50m*—225m+63 = 0.

(ii) Find the price of a monthly magazine.
Show all your working.

[3]

- 3]
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9 (a) Find the equation of the straight line that is perpendicular to the line y = %x +1 and passes through

the point (1, 3).
- [3]
(b)
y
A
8
7
6
5
4
R
3
2
1
X
0 1 2 3 4 5 6 7 8 9 10 11 12
(i) Find the three inequalities that define the region R.
- [4]
(i) Find the point (x, y), with integer co-ordinates, inside the region R such that 3x+ 5y = 35.
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10 (a)

@

(i)

(iid)

(iv)

f(x)=2x—3 g(x)=x"+1

Find gg(2).

Find g(x+2), giving your answer in its simplest form.

Find x when f(x) = 7.

Find 7' (x).

- [2]

- [2]

- [2]

(2]
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(b) h(x)=x",x>0

(i) Calculate h(0.3).
Give your answer correct to 2 decimal places.

(i) Find x when h(x) = 256.
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3 The table shows some values of y = x> —3x% +x.

X —=0.75

—0.5

—0.25

25

2.75

¥y -29

—1.4

—0.5

—0.6

(a) Complete the table.

(b) On the grid, draw the graph of y=x—3x"+x for —0.75<x<2.75.

YA

1

[3]
(4]

=Y

[3]

101



(d) The equation x> —3x% +2x—1 = 0 can be solved by drawing a straight line on the grid.

(i) Write down the equation of this line.

. [2]
(i) On the grid, draw this line and use it to solve the equation x> —3x>+2x—1 = 0.
(e) By drawing a suitable tangent, find an estimate for the gradient of the graph of y =x* —3x*+x
at x=—0.25.
. [3]
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.......... 8
!\ """""""" 7 p
\\\ 6 x._-
5
~N
AN
3
2 M,
1 \\\
N .
—54—3—2—110 2 3 56 X
B
_2T
-3
(a) Write down the co-ordinates of 4.
(b) Find the equation of line / in the form y = mx+c.

(c) Write down the equation of the line parallel to line / that passes through the point B.

. [2]
(d) Cis the point (8, 14).
(i) Write down the equation of the line perpendicular to line / that passes through the point C.
. [3]
(ii) Calculate the length of AC.
. [3]
(iiij) Find the co-ordinates of the mid-point of BC.
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Paulo and Jim each buy sacks of rice but from different shops.
Paulo pays $72 for sacks costing $m each.
Jim pays $72 for sacks costing $(m + 0.9) each.

(a) (i) Find an expression, in terms of m, for the number of sacks Paulo buys.

(ii) Find an expression, in terms of m, for the number of sacks Jim buys.

(b) Paulo buys 4 more sacks than Jim.

Write down an equation, in terms of 7, and show that it simplifies to 10m” +9m—162 = 0.

(©) () Solve 10m>+9m—162=0.

(i) Find the number of sacks of rice that Paulo buys.

-1

-1

(4]

(3]

-1

104



11 (a) Factorise 5m*—20p*.

E)

(b) Make P the subject of the formula 4 =P+ %

) |

105



2

(a) Solve 30+2x=3(3—4x).

(b) Factorise 12ab® + 18a°H%.

(c) Simplify.

() 5a°c x 2a%’

(d) y is inversely proportional to the square of (x + 2).

Whenx =3,y =2.

Find y when x = 8.

3]

121

- [2]

121

- [3]

106



(e) Write as a single fraction in its simplest form.

107



5  The table shows some values of y=x>—3x-1.

x -3 -2.5 -2 -1.5 -1 0 1 L5 2 25 3
y | -19 -9.1 0.1 1 -1 -3 -2.1 1 7.1
(a) Complete the table of values. [2]

b) Draw the graph of y=x*—-3x—1 for -3 <x<3.
grap y

A
£:20-

«Y

(4]

108



(¢) A straight line through (0, —17) is a tangent to the graph of y =x>—3x—1.

(i) On the grid, draw this tangent. [1]

(ii) Find the co-ordinates of the point where the tangent meets your graph.

(iii) Find the equation of the tangent.
Give your answer in the form y = mx + c.

(d) By drawing a suitable straight line on the grid, solve the equation x’ —6x—3 = 0.

X = toveeeeenens OTX = e OT X = . [4]
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6

The diagram shows the speed—time graph for part of a journey for two people, a runner and a walker.

Runner

NOT TO

Speed SCALE

(m/s)

22—t - ——— —  ——

<
Y R ————

15 19
Time (7 seconds)

(a) Calculate the acceleration of the runner for the first 3 seconds.

oo, MYSZ 1]
(b) Calculate the total distance travelled by the runner in the 19 seconds.
. m[3]
(¢) The runner and the walker are travelling in the same direction along the same path.
When ¢ = 0, the runner is 10 metres behind the walker.
Find how far the runner is ahead of the walker when ¢ = 19.
. m[3]
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2
4 f)=2-2 x#0

(a) Complete the table for f(x).

X 0.5

fx) | -7.9

0.9

5.5

83

(b) The graph of y = f(x) for —6 < x <—0.5 is drawn on the grid.

)
10

7 i

W

it

On the same grid, draw the graph of y = f(x) for 0.5 <x < 6.

=Y

(2]

[3]

111



(¢) By drawing a suitable tangent, estimate the gradient of the graph of y = f(x) at the point (-4, 5).

@  e@W=2,x#0

Complete the table for g(x).

X

4

-3

2(x)

-23

-4.5

-9

4.5

23

(e) On the same grid, draw the graph of y=g(x) for —4<x< -1 and 1 Sx<4.

(f) (i Use your graphs to find the value of x when f(x) = g(x).

(ii) Write down an inequality to show the positive values of x for which f(x) > g(x).

(g) The exact answer to part (f)(i) is k.

Use algebra to find the value of £.

. 3]

(1]
(4]

(1]

L1

. [2]
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f(x) =3x+4 gx)=2x—1 h(x)=3"

@) Find g(%).

. [1]
(b) Find th(-1).

- [2]
(¢) Find g\ (x).

8 () = e [2]

(d) Find ff(x) in its simplest form.

- [2]
(e) Find (f(.w:))2 in the form ax® +bx+c.

- [2]
(f) Findxwhen h7'(x) =g(2).
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3

The table shows some values for y = 1.5 —1.

—2

-1

0 1 2 3 4

-0.56

—-0.33

238 4.06

6.59

(a) Complete the table.

(b) Draw the graph of y=1.5"—1 for —2<x<5.

y
A

K]

= X

Lh

[4]
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(¢) Use your graph to solve the equation 1.5" —1 =3.5.

B PP

(d) By drawing a suitable straight line, solve the equation 1.5" —x—2 = 0.

() (i) On the grid, plot the point A4 at (5, 5).

(ii) Draw the tangent to the graph of y = 1.5 —1 that passes through the point A4.

(iii) Work out the gradient of this tangent.

-[2]

3]

(1]
(1]

- [2]
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5

(a) (i) Factorise 3x*+11x—4.

2]
(ii) Solve the equation 3x*+11x—4 = 0.
X = ervrrenvrneerenessneennes OT X = ciiiiiinneesserenenenene 1]
®) () Showthat =—2——— =L Grplifiesto 2x* +3x—6=0
2+11 x—4_ 2 S0P :
[4]
(i) Solve the equation 2x*+3x—6 = 0.
You must show all your working and give your answers correct to 2 decimal places.
X = ieiirreeerineseeiieneeenes OT X = e cevinee e[ 4]
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Bernie buys x packets of seeds and y plants for his garden.
He wants to buy more packets of seeds than plants.
The inequality x >y shows this information.

He also wants to buy
*  less than 10 packets of seeds
«  atleast 2 plants.

(a) Write down two more inequalities in x or y to show this information.

(b) Each packet of seeds costs $1 and each plant costs $3.
The maximum amount Bernie can spend is $21.

Write down another inequality in x and y to show this information.
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(¢) The line x = y is drawn on the grid.
Draw three more lines to show your inequalities and shade the unwanted regions.

(5]
(d) Bemnie buys 8 packets of seeds.
(i) Find the maximum number of plants he can buy.
............................................. [1]
(i) Find the total cost of these packets of seeds and plants.
N SO UPTROIPTPIRPPON [1]
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11 On Monday, Ankuri sent this text message to two friends.

Today is Day Number 1.
Tomorrow, please add 1 to the Day Number and send this text message to two friends.

All the friends who receive a text message follow the instructions.

(a) Complete the table.

Day Monday Tuesday | Wednesday | Thursday Friday Saturday Sunday
Day Number 1 2 3
Number of text
messages sent 2 4
today
(4]

(b) Write down an expression for the number of text messages sent on Day Number ».

(¢) Ankuri thinks that, by the end of Day Number 3, the total number of text messages that have been sent
is 2 2.

(i) Show that she is correct.

(2]
(ii) Complete the statement.
The total number of text messages sent by the end of Day Number 518 .........ccocverveenene which is
equal to 2K — 2 where k= ....oovevevrcrennen. . [2]

119



(iii) Write down an expression for the total number of text messages sent by the end of
Day Number #.

1]

(iv) Find the Day Number when the total number of text messages sent by the end of the day is 1022.

1]
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4

The diagram shows the graph of y = f(x) for —2.5 <x<2.

y
A

110

forbede

sepesbediedeneis

R

e

~

121



(@)

(b)

©

@

(¢

Find £(1).

Solve f(x) = 3.

The equation f(x) = & has only one solution for =2.5 < x < 2.

Write down the range of values of k for which this is possible.

By drawing a suitable straight line, solve the equation f(x) =x — 5.

Draw a tangent to the graph of y = f(x) at the point where x = 1.

Use your tangent to estimate the gradient of y = f(x) whenx = 1.

1

(1]

121

3]

. [3]
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(a) Expand the brackets and simplify.

(i) 4@2x+5)-5Gx—7)

i) —7)°

(b) Solve.

@ Z+5=—7

i) 4x+9=32x-7)

(i) 3x*-1=74

2]

2]

. [3]

. [3]

[3]
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7  Aline joins the points 4(—3, 8) and B(2, —2).

(a) Find the co-ordinates of the midpoint of AB.

(b) Find the equation of the line through 4 and B.
Give your answer in the form y = mx+c.
(c) Another line is parallel to AB and passes through the point (0, 7).
Write down the equation of this line.
- [2]

(d) Find the equation of the line perpendicular to AB which passes through the point (1, 5).
Give your answer in the form ax+by+c¢ = 0 where a, b and ¢ are integers.

. [4]
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(b) Town 4 has a rectangular park.
The length of the park is xm.
The width of the park is 25 m shorter than the length.
The area of the park is 2200m?.

(i) Show that x? —25x—2200 = 0.

(1]

(i) Solve x> —25x—2200 = 0.
Show all your working and give your answers correct to 2 decimal places.

X= i OTX = e [4]
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fx) =2x> -1

The graph of y = f(x), for —2 < x < 2, is drawn on the grid.

y
A
slhnunuNsunnEEneENEE

L

o

-t

-
.

——
et

X

(a) Use the graph to solve the equation f(x) = 5.

X = e OF X = e [ 2]

(b) (i) Draw the tangent to the graph of y = f(x) at the point (-1.5, 3.5). [1]

(i) Use your tangent to estimate the gradient of y = f(x) when x = —1.5.

. [2]
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(©) glx)=2"

(i) Complete the table for y = g(x).

X -2

-1

y 0.25

0.5

(ii) On the grid opposite, draw the graph of y = g(x) for -2 <x < 2.

(d) Use your graphs to solve

(i) the equation f(x) = g(x),

(ii) the inequality f(x) < g(x).

(e) (i) Write down the three values.

(ii) Complete the statement.

As x decreases, g(x) approaches the value ..................

(1]
[3]

(2]

(1]

(1]

(1]
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7 (a) Inthis part, all lengths are in centimetres.

NOT TO
SCALE

2x+1 3x—1

2x+ 6

3x-1

(i) Find the value of x when the perimeter of the rectangle is equal to the perimeter of the square.

(ii) Find the value of x when the area of the rectangle is equal to the area of the square.
Show all your working,
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(b) (i) Factorise x* +4x—5.

(ii) Solve the equation %— = L.

Show all your working.
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A
2004 === - m e e
E NOT TO
; SCALE
1509 ========mmmmmmmmmmeeae , E
Distance i E
(km) : :
i — : :
0 — 1 —
0700 0730 0740 0810 0910

Time

The distance-time graph shows the journey of a train.

(i) Find the speed of the train between 07 00 and 07 30.

eveeerseenne kV/R 1]

(ii) Find the average speed for the whole journey.

R T Y )
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(b)

A
T : | NOT TO
| : SCALE
Speed E i
(km/h) : :
0600 0605 0625 0630
Time
The speed-time graph shows the first 30 minutes of another train journey.
The distance travelled is 100 km.
The maximum speed of the train is V" km/h.
(i) Find the value of V.
(ii) Find the acceleration of the train during the first 5 minutes.
Give your answer in m/s?.
ceerennneenn. /8% [2]
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10

f(x) = 3x-2 g(x) = x? h(x) = 3*

(a) Find £(-3).

e [1]
(b) Find the value of x when f(x) = 19.
x= - [2]
(¢) Find th(2).
- [2]
(d) Find gf(x) +f(x) +x.
Give your answer in its simplest form.
- [3]
(e) Find f~'(x).
F) = e [2]
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The table shows some values for y = 2x° +4x%.

b 2.2

-2

-1.5

-0.5

0.5

0.8

¥ —1.94

0.75

3.58

(a) Complete the table.

(b) Draw the graph of y =2x’ +4x? for —22<x<08.

(c) Find the number of solutions to the equation 2x> +4x% = 3.

(4]

(4]
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(d) (i) Theequation 2x*+4x*—x =1 can be solved by drawing a straight line on the grid.

Write down the equation of this straight line.

(¢) The tangent to the graph of y = 2x> +4x” has a negative gradient when x = k.

Complete the inequality for k.

L hE e [2]
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(a) Solve the simultaneous equations.
You must show all your working.
2x+3y =11
3x—5y=-50

x=
y=
(b) x*—12x+a=(x+b)
Find the value of @ and the value of b.
a=
b=

(c) Write as a single fraction in its simplest form.

X 3x+2

.. [4]

-.[3]

..[4]
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(a) Solve.
1lx+15=3x-7

(b) (i) Factorise.

x%+9x —22
(ii) Solve.
X2 +9x-22=0
x=
(x—a)

2
(¢) Rearrange y= to make x the subject.

X

d) Simplify.
(d) Simplify 2 —6x
x> —36

- I2]

- [2]

(1]

- [4]

- [3]
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fix)=x>—4x*> + 15

(a) Complete the table of values for y = f(x).

X -2

-1

0.5

0

25

35

4.5

¥y -9

13.9

15

12

5.6

8.9

15

25.1

(b) On the grid, draw the graph of y=1f{x) for -2 <x<4.5.

y
A

30

wdeed

[2]

(4]
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(¢) Use your graph to solve the equation f{(x) =0.

(d) By drawing a suitable tangent, estimate the gradient of the graph of y=f(x) whenx=3.5.

.. [3]

(¢) By drawing a suitable straight line on the grid, solve the equation x° —4x> —2x+5=0.

X = tieeereeneeneenennees OT X = i OTX = e [4]
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(@)

()

©

@

O)

fx) =3 - 2x

Find £(5).

Find gh(3).

Find f~1(x).

64
16"

Show that hf(x) =

Find the value of x when h(x) = g(0.5).

g0 =2, x#0

h(x) = 4"

£

1]

2]

) RN i)

(3]
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10

NOT TO
SCALE

The diagram shows a quadrilateral ABCD.
(a) The length of AC is xcm.

Use the cosine rule in triangle ABC to show that 2x%—17x — 168 =0.

[4]

(b) Solve the equation 2x? - 17x — 168 = 0.
Show all your working and give your answers correct to 2 decimal places.

X = oeevieneriesneeneens OTX = i [4]
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()

x3

=X _2
y_s xZ'Jx'-IEO

Complete the table of values.

x 0.5 1

1

5 2

2.5

35

y | -80 | -1.9

—0.5 0.5

1.6

L

R

3
The graph of y = % - % for —3.5 < x <—0.5 has already been drawn.

On the grid, draw the graph of y =

X
8

%for 05<x<35.

[2]

[4]
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3
(¢) Use your graph to solve the equation %—%=0.
x= e [1]
X 2
(d) = — = =k and kis an integer.
8 x
. x> 2
Write down a value of k when the equation ?—?=k has
(i) one answer, o USSR I |
(i) three answers. = e [1]

(e) By drawing a suitable tangent, estimate the gradient of the curve where x =—3.

«[3]
3
(f) (i) By drawing a suitable line on the grid, find x when % — % =6—x.
(ii) The equation %—% = 6—x can be written as x° +ax’ +bx>+c = 0.
Find the values of a, b and c.

a=

b=

€= it [ 4]
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8

(a) The cost of 1 apple is a cents.
The cost of 1 pear is p cents.
The total cost of 7 apples and 9 pears is 354 cents.

(i) Write down an equation in terms of a and p.

(1]
(ii) The cost of 1 pear is 2 cents more than the cost of 1 apple.
Find the value of @ and the value of p.
a —
F L SO k1
(b) Rowena walks 2km at an average speed of xkm/h.
(i) Write down an expression, in terms of x, for the time taken.
S— Y R Y
(ii) Rowena then walks 3km at an average speed of (x — 1) km/h.
The total time taken to walk the 5km is 2 hours.
(a) Show that 2x”—7x+2=0.
(3]
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(b) Find the value of x.
Show all your working and give your answer correct to 2 decimal places.

X = eeeeeeeeeeessoeeseseseessssneesssssesnenes [4]
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f(x) =1-2x g(x)=x+4 h(x)=x*+1

(a) Find f(-1).

e [1]
(b) Solve the equation.
2f(x) = g(x)
(¢) Find fg(x).
Give your answer in its simplest form.
e [2]
(d) Find hh(2).
- [2]

(¢) Find ' (x).

FH) = s [ 2]
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® hgf(x) = 4x* +px+q

Find the value of p and the value of g.

OO I}
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(a) Solve.

=49

l=

(b) Simplify.

®

(ii)

(iii)

© O

(i)

X

0

(3x6)2

Factorise completely.
2% —-18

Simplify.
2x% — 18
2 +7x—30

1

1

1

]2

]2

3]
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7

The table shows some values of y = 2x* +5x—3 for -4 <x<1.5.

X

—4

-1

y

(a) Complete the table.

(b) On the grid, draw the graph of y = 2x>+5x—3 for -4<x<1.5.

[3]

:10

(4]
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(¢) Use your graph to solve the equation 2x2+ 5x—3 = 3.

X = eeeceeeeeeneeenns (0] b [2]
(d) y=2x>+5x—3 can be written in the form y = 2(x+a)* +5.

Find the value of a and the value of b.
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8

Line A has equation y = 5x—4.
Line B has equation 3x+2y = 18.

(a) Find the gradient of

(i) lineA,

o [1]
(i) line B.
. [1]
(b) Write down the co-ordinates of the point where line A crosses the x-axis.
(¢) Find the equation of the line perpendicular to line 4 which passes through the point (10, 9).
Give your answer in the form y = mx+c.
(d) Work out the co-ordinates of the point of intersection of line 4 and line B.
(e) Work out the area enclosed by line 4, line B and the y-axis.
..[3]
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Luigi and Alfredo run in a 10km race.
Luigi’s average speed was xkm/h.
Alfredo’s average speed was 0.5 km/h slower than Luigi’s average speed.

(a) Luigi took lx_O hours to run the race.

Write down an expression, in terms of x, for the time that Alfredo took to run the race.

(b) Alfredo took 0.25 hours longer than Luigi to run the race.

(i) Show that 2x* —x—40 = 0.

(i) Use the quadratic formula to solve 2x* —x—40 = 0.
Show all your working and give your answers correct to 2 decimal places.

(iii) 'Work out the time that Luigi took to run the 10 km race.
Give your answer in hours and minutes, correct to the nearest minute.

b [1]

[4]

-[4]

... min [3]
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The table shows some values of y =x+

1
X2’

—, x#0.

X -2

-1.5

—0.75

—0.5

0.5

0.75

1.5

v | =175

—-1.06

1.03

4.50

253

2.25

(a) Complete the table of values.

(b) On the grid, draw the graph of y = x+ x1_2 for-2=x=<-05and05=<x=<3.

y

g

(31

[3]
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(¢) Use your graph to solve the equation x+% =15.

(d) The line y = ax + b can be drawn on the grid to solve the equation ll =2.5-2x.

(i) Find the value of @ and the value of b.

(ii) Draw the line y = ax+ b to solve the equation — =2.5—2x.
X

(¢) By drawing a suitable tangent, find an estimate of the gradient of the curve at the point where x = 2.
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(a) y is directly proportional to the positive square root of (x +2).
Whenx=7,y=9.

Find y when x =23,

(b) Simplify.

X2+ 12x + 36
P+ax—12
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© W=y

Make a the subject of the formula.

B =i [5]
(d) Write as a single fraction in its simplest form.
x—2 x+3
x+1 x-—1
.................................................. [5]

155



11 flx)=2-3x gx)=Tx+3
(a) Find

(i f=3),

........................................ [1]
(i)  g(2x).
........................................ [1]
(b) Find gf(x) in its simplest form.
........................................ [2]
(¢) Find x when 3f(x)=7.
X S e [3]
(d) Solve the equation.
flx+4)—gx)=0
e — [3]
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f(x)=%+x, X#0

(a) Complete the table.

X

—10

-3

10

fix)

-12

—10.5

-12

—14.1

14.1

12

12

(b) On the grid, draw the graph of y =f{(x) for —10<x<-1.6and 1.6 <x<10.

14

&

(2]

(3]
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(©

(d)

(e)

®

Using your graph, solve the equation f(x) = 11.

k 1s a prime number and f(x) = k has no solutions.

Find the possible values of 4.

The gradient of the graph of y = f(x) at the point (2, 12) is —4.

Write down the co-ordinates of the other point on the graph of y = f(x) where the gradient is —4.

(i) The equation f(x) =x? can be written as r+ pxz +g=0.

Show that p = —1 and g = —20.

(2]
(ii) On the grid opposite, draw the graph of y = x? for —4 <x < 4. [2]
(iii) Using your graphs, solve the equation x*> —x*—20 = 0.
X = e (1]
(iv)
VA
NOTTO
SCALE
0 Jp "
The diagram shows a sketch of the graph of y = x> —x* —20.
P is the point (n, 0).
Write down the value of n.
TS o [1]
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(a)

xcm NOT TO
SCALE

The perimeter of the rectangle 1s 80 cm.
The area of the rectangle is 4 cm?.

(i) Show that x*—40x+4=0.

(i) When 4 = 300, solve, by factorising, the equation x> —40x+4 = 0.

(iii) When A4 = 200, solve, by using the quadratic formula, the equation x*>—40x+4 = 0.

Show all your working and give your answers correct to 2 decimal places.

B3]

3]

.[4]
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(b) A car completes a 200km journey with an average speed of xkm/h.
The car completes the return journey of 200 km with an average speed of (x + 10) km/h.

2000 hours.

(i) Show that the difference between the time taken for each of the two journeys is T+ 10)

[3]

(ii) Find the difference between the time taken for each of the two journeys when x = 80.
Give your answer in minutes and seconds.
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fx)=2x+ 1

(a) Solve the equation  f(x) = g(1).

(b) Find the value of fh(3).

(¢c) Find f~I(x).

(d) Find gfix) in its simplest form.

gx)=x*+4

h(x) = 2¥
XS o 2]
................................................... 2]
TRl C R T 2]
AAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAA [3]
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(e) Solve the equation h™!(x)=0.5.

X S e [1]
1
® =2
Write down the value of £.

K= e [1]

b

A

2{B
Ay . NOT TO
—4 0 4 SCALE
-2
2 2
The diagram shows a curve with equation %=+ % =1
a

(a) A is the point (4, 0) and B is the point (0, 2).

(i) Find the equation of the straight line that passes through 4 and B.
Give your answer in the form y = mx + c.

(i) Show thata® =16 and b* = 4.

(2]
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(b)

¥
A
2 P
- NOT TO
—4 0] 4 SCALE
= 0
2 yZ
P(2,k) and QO (2, —k) are points on the curve T—6 + T = 1.
(i) Find the value of k.
K= [3]
(ii) Calculate angle POQ.
Angle POO = ..o [3]
2 2
(¢) The area enclosed by a curve with equation x_2 + % = 11s mab.
a
2 2
(i) Find the area enclosed by the curve T_G + yT =1.

Give your answer as a multiple of 1.

(ii) A curve, mathematically similar to the one in the diagrams, intersects the x-axis at (12, 0) and
(—12, 0).

Work out the area enclosed by this curve, giving your answer as a multiple of 7.
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(a) Work out the value of x in each of the following.

(i) 3*=243

XS e (]
(i) 16°=4
XS e [
(iii) 8 =32
XS e 2]
) 27°=3
XS e 2]
(b) Solve by factorisation.
Y =Ty=-30=0
Show your working.
V= e (3] o OO [3]
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f)=x2-1 -4, x#0

(a) (i) Complete the table.

X

-3

-2

—-0.5

-0.1

0.2

0.5

f(x)

53

0.5

-1.8

6.0

-9.0

58

4.7

(ii) On the grid, draw the graph of y = f{x) for 3 <x<-0.1 and 0.2 <x < 3.

y

[

10

(2]

(]
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(b) Use your graph to solve the equation f(x) = 0.

(¢) Find an integer &, for which f(x) = & has one solution.

(d) (i) By drawing a suitable straight line, solve the equation f(x) + 2 =—5x.

X i OF X = i [4]
(i) f(x) +2=—5x can be written as x> + ax? + bx — 1 =0.
Find the value of @ and the value of 5.
A= oo,
B = e 2]
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4
x—3

fix)=5x+7 g(x) = ,X#3
(a) Find

@ fg(l),

............................................. 2]

(ii) gfix),
.................................................. 2]

(i) g7'(x),
Lot £ 1O [3]

(iv) '12).
............................................. [1]
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(b) fx)=g(x)

(i) Show that 5x? — 8x —25=0.

(3]

(i) Solve 5x> — 8x—25=10.
Show all your working and give your answers correct to 2 decimal places.
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A line joins the points 4 (-2, —5) and B (4, 13).

(a) Calculate the length AB.

(b) Find the equation of the line through 4 and B.
Give your answer in the form y = mx + c.

y:

(¢) Another line is parallel to AB and passes through the point (0, —5).

Write down the equation of this line.

(d) Find the equation of the perpendicular bisector of AB.
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2

(a) Solve the inequality.

(b) Factorise completely.

(i) xy—18+3y—6x

(i) 8x*—72"

(¢) Make r the subject of the formula.

5x-3>9

pt+5=

—2r
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3 The diagram shows the graph of y = f(x) for —3.5<x<25.

y
A

16

e H

e S

——

= ;
—
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(a) (i) Find f(-2).

(ii) Solve the equation f(x) = 2.

(iii) Two tangents, each with gradient 0, can be drawn to the graph of y = f(x).

Write down the equation of each tangent.

(b) (i) Complete the table for g(x)

%+3 for —3.5<x<-05and 0.5<x<25.

x -35 -3 -2 -1 0.5 0.5 1 2 25
g(x) 24 23 1 7 5 38
(i) On the grid opposite, draw the graph of y = g(x).
(iii) Use your graph to solve the equation f(x) = g(x).
X e OFX= ..o,

(c) Find gf(-2).

(d) Find g7'(5).

(3]
[4]
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Alfonso runs 10km at an average speed of x km/h.
The next day he runs 12km at an average speed of (x — 1) km/h.

The time taken for the 10km run is 30 minutes less than the time taken for the 12km run.

(a) (i) Write down an equation in x and show that it simplifies to x> — 5x — 20 = 0.

(4]
(i) Use the quadratic formula to solve the equation x* — 5x — 20 = 0.
Show your working and give your answers correct to 2 decimal places.
X = e OFX = e [4]
(iii) Find the time that Alfonso takes to complete the 12km run.
Give your answer in hours and minutes correct to the nearest minute.
................ hours ................ minutes [2]
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(b) A cheetah runs for 60 seconds.
The diagram shows the speed-time graph.

A NOT TO
SCALE

Speed 254
(m/s)

\

Time (seconds)

(i) Work out the acceleration of the cheetah during the first 10 seconds.

(ii) Calculate the distance travelled by the cheetah.
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y=1-

2 40

(a) Complete the table.

x -5 —4 -3 -2 -1 | 0.5 0.5 2 3 4 5
¥ 0.88 | 0.78 -7 -7 0.78 | 0.88
[31
(b) On the grid, draw the graph of y=1— % for —5<x<-05and 0.5<x<5.
X
o S
5.1 35
[51
(¢) (i) Onthe grid, draw the graph of y =—x—1for -3 <x < 5. [2]
(ii) Solve the equation 1— % =—x-1
x
X T et [1]
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(iii) The equation 1-— % =—x—1 can be written in the form x* +px*+g = 0.

Find the value of p and the value of g.

P = o
G = o [3]
(d) The graphof y=1-— % cuts the positive x-axis at 4.
B is the point (0, —2).
(i) Write down the co-ordinates of A4.
oo e )[1]
(ii) On the grid, draw the straight line that passes through 4 and B. [1]
(iii) Complete the statement.
The straight line that passes through 4 and B iS @ ........ocooviiveiiiieniieieceee e
at the poInt .....ccoooviiieiiiecceceeeee e, [2]
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8  Apples cost x cents each and oranges cost (x +2) cents each.
Dylan spends $3.23 on apples and $3.23 on oranges.
The total of the number of apples and the number of oranges Dylan buys is 36.

(a) Write an equation in x and show that it simplifies to 18x> —287x—323 = 0.

[4]
(b) (i) Find the two prime factors of 323.
....................... U B
(ii) Complete the statement.
18x*—287x—323 = (I18% oo, WX ) [2]
(iii) Solve the equation 18x>—287x—323 = 0.
X = e OF X = [1]
(c¢) Find the largest number of apples Dylan can buy for $2.
AAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAA [
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(a)

(b)

(c)

G))

(e)

f(x) =2x+1 gx)=3x-2

Find hf(2) — fh(1).

Find gf(x), giving your answer in its simplest form.

Solve the inequality f(x) > g(x).

Solve the equation h(x) = %

Find g ' (x).

h(x) = 3*

178



(f) Find % +g(x).

Give your answer as a single fraction.

(g) Solve the equation f'(x)=4.

179



2

x3

(a) Complete the table of values for y = £l —-x2+1.
x -1.5 -1 -0.5 0 0.5 1 1.5 2 25
¥ -238 | =033 | 0.71 0.79 033 | =013 | -033 | -0.04
.1'.‘3
(b) Draw the graph of y = ?—xz +1for—1.5<x<3.
The first 3 points have been plotted for you.
2

(2]

(4]
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(¢) Using your graph, solve the equations.

3
i Z—x*+1=0

3
X= i OFTX= i, OTX = i, [3]
3
(ii) %—x2+x+1 =0
XS oo 2]
3
(d) Two tangents to the graph of y = % —x% +1 can be drawn parallel to the x-axis.

(i) Write down the equation of each of these tangents.

(ii) For 0 < x < 3, write down the smallest possible value of y.
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(b) A bag of sweets contains x orange sweets and y lemon sweets.
Each orange sweet costs 2 cents and each lemon sweet costs 3 cents.

The cost of a bag of sweets is less than 24 cents.

There are at least 9 sweets in each bag.

There are at least 2 lemon sweets in each bag.

(i) One of the inequalities that shows this information is 2x + 3y < 24.

Write down the other two inequalities.

(ii) On the grid, by shading the unwanted regions, show the region which satisfies the three
inequalities.

11
10

o

1%

e o B * I

P Eikx
01 23 45 6 7 8 91011 12

(4]
(iii) Find the lowest cost of a bag of sweets.
Write down the value of x and the value of y that give this cost.
Lowest COSt = .....covvinmieiiriiieiecne cents
X = e
P T ettt [3]
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(a) $1=3.67 dithams

Calculate the value, in dollars, of 200 dirhams.
Give your answer correct to 2 decimal places.

(b) (i) Write as a single fraction, in its simplest form,
1000 _ 1000
x x+1
- [3]
(ii) One day in 2014, 1 euro was worth x rand.
One year later, 1 euro was worth (x + 1) rand.
Winston changed 1000 rand into euros in both years.
In 2014 he received 4.50 euros more than in 2015.
Wirite an equation in terms of x and show that it simplifies to
9x? +9x—2000 = 0.
[3]
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(iii) Use the quadratic formula to solve the equation 9x* + 9x—2000 = 0.
Show all your working and give your answers correct to 2 decimal places.

(iv) Calculate the number of euros Winston received in 2014.
Give your answer correct to 2 decimal places.

...................................... euros [2]
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9

(a) y=32+2, x40

(i) Find the value of y when x =—6.

P S e [1]
(iij) Find x in terms of y.
X T s [3]
® g =2-x h(x) = 2*
(i) Find g(5).
................................................. [1]
(ii) Find hhh(2).
................................................. 2]
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(iii) Find x when g(x) =h(3).

(iv) Find x when g™'(x) =—1.
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(a) Complete the table for y=3x+ % +1,x#0.
X

X -3

-2

-1

0.5

0.3

0.3

0.5

y -7.8

0

7.5

223

24.1

6 7.5 10.2

(b) On the grid, draw the graph of y =3x+ %+1 for 3<x<-0.3 and 03<x<3.
x

-

2

(2]

[3]

(c) Write down the value of the largest integer, £, so that the equation 3x+ % +1 =k has exactly one
X

solution.
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(d) (i) By drawing a suitable straight line on the grid, solve 3x+ % +1=15-3x.

(ij) The equation 3x+%+1 =15—3x can be written in the form ax®+bx>+ex+2=0,
x

where a, b and ¢ are integers.

Find @, b and c.
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(a) Solve.
8x—5=22-4dx

(b) Solve.
6x=2x+ 14

(¢) Factorise.
x2—4x-21

(d) Expand the brackets and simplify.
(3x = 2y)(4x + 3y)
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11  Solve.

2 1 3
13 12 i1
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Algebra & Graphs
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2(a)() 3 2251 3 | B1 for each
2(a)(ii) Fully correct smooth curve 4 | B3FT for 7 or 6 correct plots
B2FT for 5 or 4 correct plots
B1FT for 3 correct plots
2(a)(iii) |[-0.6to —0.51, 0.75 to 0.85, 3 | B1 for each
1.7to 1.85 If 0 scored, SC1 for y = 1.5 drawn
2(a)iv) |—-3or—2or-lor0 1
2(b)(1) Tangent ruled atx =1 1
2(b)(ii) |4.4to5.6 2 | Dep on tangent at x = 1 or close attempt
M1 for rise/run for their line
2(b)(iii)) |y=(4.4t05.6)x —(1.8102.2) 2 | FT for any line but not horizontal or vertical
or line for 2 marks or Bl
[y =] their (b)(ii)x + their(y-intercept)
B1FT for [m =] their 5
or for their y-intercept
5(a) 10x or —10% 4 | M1 for common denominator (x—3)(x+2)
(x-3)(x+2) x*-x-6 isw
final answer M1 for (x+3)(x+2)—(x—-2)(x—3) isw
B1 for correct numerator in terms of x only
5(b) 14 2 k koopl2
M1 for 12—— =5o0r 22 =— oe
2 2
14
or 3096 (12 5 ora+n2 [=32] seen
5(c) 2y* =3y? =23y +12 final answer 3 | B2 for correct unsimplified expanded
expression
or for simplified four-term expression of
correct form with 3 terms correct
or B1 for correct expansion of 2 of the
brackets with at least 3 terms correct
5(d 3 | M1 f =3+
@ [x :]i final answer orxy X . 3
y-l M1 forxy—x=3orx— —=—
y ¥y
M1 for factorising and dividing
7(a) n—5+3n+ 10> 105 or better B1
n > 25 final answer B2 | M1 for 4n > 100
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7 4.8 3
®) M1 fory = il or better
X
theirk
M1 for [y =] 5
OR
M2 for yx5°=7.5x4"
10(a)(i) | 4x-13 final answer 1
10(@)(ii) | 25xfinal answer 1
10(b) x+1 r£+l 2 | M1 for correct first step x=4y—1 or
4 4 4 y+1=4x or X:x—l
4 4
10(c) 0.6934 final answer 3 1
B2 for 0.69336... or 3 3oe or 0.693
or M1 for 37 oe
10(d)(i) (3)6 _ 2)2 —3 3 M1
9x2 —6x—6x+4—27or Al | with no errors seen
9x* —12x+4-27
leading to 9x* —12x—23
0@ | _(—12)+/(-12)* —4(9)(-23) B2 | B1 for \/(-12)> —4(9)(-23) oe
2X9 —(-12)+ —(-12)-
ot better or ( 2)39\/50601' ( 2)19\/5 o€ or
both
—1.07, 2.40 final answers B2 | B1 for each
If B0, SC1 for answers — 1.1 or —1.06 or
—1.065... to—1.065 and 2.4 or 2.39 or
2.398 t0 2.398...
or — 1.07 and 2.40 seen in working
or for —2.40 and 1.07 as final answer
10(e) —5 final answer 2 | M1 for243 = 3~
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11(a)

(1,2)
(_1; 6)

5 | B2 for [derivative oe=]3x*>-3
or B1 for [derivative oe =] 3x* or f(x)—3

M1 for their derivative = 0
d

or recognition of D~ 0oe
dx

B1 for [x =] -1, 1 or for one coordinate pair

11(b) (1, 2) minimum with reason 3 | Reasons could be e.g.
a reasonable sketch
(-1, 6) maximum with reason correct use of 2™ derivative =6x=6, 6 > 0,
so (1, 2) minimum oe
2™ derivative = 6x=—-6 , -6 <0 so (-1, 6)
maximum oe,
or finds gradient on each side of both
correct stationary points with correct
conclusion
B2 for 1 correct with reason
or M1 for showing [2™ derivative =] 6x
or gradients for one value on either side of
one correct stationary point
or for reasonable sketch of cubic
3(a) 75.6 1 )
Ml for5.2x 7+ 3 x1.6x7
3(b)(i) 2a — 3b final answer B1 for answer 2a + kb or ka — 3b or for 2a — 3b
seen in working
Ab)ii
)i 3 B1 for 45x oe single fraction
4 60x
3c)i) |5
3(c)(it
(e)(iD) —0.250r—i leor20—12x:230rfor5—3x:%
M1 for correct completion to ax=b FT their
first step
3(d) 9x° B1 for 9x* or kx°
3(e) 6x° — Txy — 57 M1 for 3 terms out of 4 from

6x? — 10xy + 3xy — 5)*
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6(a) y=x oe 1
6(b) 225x+1.5y<225 oe M1
One step shown to Al
3x+2y <30
6(c) y =10 ruled 1 | Broken line
3x+ 2y =30ruled B2 | Solid line
B1 for line passing through (0, 15) or (10, 0)
y=xruled B1 | Solid line
Correct region indicated B1
6(d) 412 2 | M1 for (4, 9) identified or for evaluation 40x +
28y for an integer point in the region (x > 0 and y
>0)
8c)i) |(x+35)P-11 2 | M1 for (x +5)2+k
or (x + their 5)% + 14 — (their 5)* ora =5
8(c)(ii) | Sketch of U-shaped parabola with a 3 | FT their (x + 5)* — 11 provided in that form
minimum indicated at (-5, -11) B1 for U shape curve
with no part of graph in 4™ quadrant BIFT for turning point at (-5, k) or
(k: -1 1)
or M1 for (-4 -10)* + (4 ——3)* oe
10(a)(ii)) | -10-4 M1
=-2] oe
4--3
10=-2(-3)+c Al
Or4=-2(4)+c
and correct completion to y =-2x + 4
10(a)(iii) 1 11 4 | M1 for grad=" soi
y=gxtooe M1 for [midpoint =] (%, 3)
M1 for substitution of (1/2, 3) into their y = mx +
c oe
10(b)(i) 1 22 6 | B2 for 3x*+ 16x+5
32757 % and (-5, 50) Or B1 for one correct
M1 for derivative = 0 or their derivative =0
M1 for [x =] —% and [ x =] -5
B1 for - 22 and 50
27
10(b)(ii) 3 | B2 for one correct with reason

{ 1 22] .
——, —— |minimum
37 27

(-5, 50) maximum
with correct reasons

or M1 for correct attempt e.g. 2™ derivatives,
gradients or sketching
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6(a) | 256 1
6(b) 8 2 | M1 for 3(x* + 1) + 2 or for 3(2) + 2
6(c) 0x% +12x+5 3 | M1 for 3x+2)*+ 1
B1 for [(3x +2)>=] 9x* +6x+6x+4 oe
6(d) 16 2 | M1 for 3x +2 =72+ 1 or better
6(e) x— 2 | M1 forx=3y+ 2 or for y—2 = 3x or for
—— oe final answer 2
3 Lox+Z
3 3
6(f) 4x* +2x+1 3|Blforx®+1+x(3x+2) or better seen
T 3c12 final answer M1 for common denominator 3x + 2
6(g) 16 1
@A) | (x+4)?-25 2| B1 for (x+k)* —9—(theirk)* or (x+4)*—h
ork=4
9(a)(ii) |x+4=[%]5 M1 | FT their (a)(i)
—9and 1 Al
9(b) [6=]7 3|Blfor[b=]7
[c=]-3 M1 for % — 4c = 61
9(c)(i)(a) | Correct sketch 2 | B2 for correct quadratic curve with min touching

x-axis
or B1 for parabola vertex downwards
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9(c)(D)(b)

Correct sketch

_—

B2 for correct straight line intersecting curve on
y-axis

or B1 for straight line with positive gradient and
positive y-intercept

9(c)(ii)

2.8[0] or 2.795...

5
B3 for x2—5x=0 oe

1
or M1 for (x—1)° =Ex+1
Blfor[(x— 1) =]x"—x—x+1

AND

B2 for (0, 1) and [5, EJ oe
2 4
5

or Bl [x=] 0 and E oe

AND

M1 for (difference in x )* + (difference in y)*

10(a)(i)

5

M1 for (-1)*— 4(-1)°

10(a)(ii)

(0, 0) and (3, -27)

B2 for 4x* — 12x* [ = 0]
or B1 for 4x* or 12x*

AND

M1 for derivative = 0 or their derivative = 0
M1 for 4x(x — 3)[= 0]

B1 for
[x=]0and[x =] 3 or [y =] 0 and [y =] 27
or for one correct coordinate pair

10(b)

B1 for each

d _ _
or M1 for Ey=px” " 2gx!

4a)

m = 3.4 oe final answer

M1 for 12 + 5 < 8m — 3m or better
or 3m — 8m < -5 — 12 or better
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4(b) x=—0.75 oe 3 | M1 for 15(2x+5)=14(3—x)
B1 for 30x+75=42—14x or better
4e) | 3x* ~16x—-35[=0] or M3 | M1 for x* +2(4—x)’ =67
2
3y" =8y —351[=0] or (4—y)’ +2y* =67 seen
B1 for 16 —8x+x” or 16—8y+ y*
Bx+5)x—-7)[=0] M1 | or for correct factors for their equation
or B3y—17)(y +3)[=0] or for correct use of quadratic formula
or completing the square for their equation
=7, y=-3 B2 5
LY Blforx=7,x:—§
5 2
x:—g,y=5§ 0rf0ryz—3,y:5§
or for a correct pair of x and y values
5(2) (4x-5)(x+3)+(x+1)(x—3)=342 M2 | M1 for (4x—5)(x+3) or (x+1)(x—3)
or or for 2x(4x—5) or (3x—6)(x—3)
2x(4x - 5) —(3x - 6)(); —3) =342
4x* +12x-5x—15 oe and M2 | M1 for each
x> +x-3x-3 oeseen
OR
8x* —10x and 3x* —15x+18 seen
5x% + 5x —18= 342 leading to Al | no errors or omission
¥ +x-72=0
5(b) (x+9)(x-8) M2 | B1 for (x + a)(x + b) where ab=—T72
ora+ b=1and g, b are integers
8, -9 B1
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9(a)(i) 3 2 | M1 for 8y =3x+ 20 or better
8
9(a)(ii) | (0,2.5) oe 1
(b)() 15.6 or 15.62... 3 M2 for\/(9 _ _3)2 f(2- 8)2 o6 Seen
or M1 for (9——3)2 or (—2—8)2 oe seen
9(b)(ii 5 3 -2-8
®)i) y= —gx+ 4 oe M1 for gradient S oe
M1 for substituting (6, —1) into a linear
equation oe
9(b)(iii 6 3 4
(b)) y=§x—§ oe M1 for gradient —1/ their[—%)
B1 for midpoint at (3, 3)
M1 for their midpoint substituted into
y =theirmXx+coe
10(d)(Q)) |x+5 2 | B1 for linear equation with positive gradient
or intercept 5
10(a)(i)) | 2 sinx oe 2 | B1 for recognition of sin or cos(x — 90)
10(b) tangent ruled at P B1
13to 1.4 B2 | dep on tangent drawn
M1 for rise/run
11(a) 4 1
11 52 2 2
® M1 for f(8) seen or 7><—x3—4
x —
11(c) x> -4 1
1(d) | 7x* -21x+12 op X0 21x+12 3 | M1 for (7x—4)(x—3)+2x2x
2(x—3) 2x—6 B1 for denominator 2(x—3) or 2x—6
final answer
11(e) -3 2 [ M1 for 7x+14—-4=-11
11(f) [p=]0and[p=]1 2 | B1 for each
12(a)(i) 5 | B2 for 12x* —3[=0]

ol

or B1 for 12x” or—3

M1 for their derivative = 0 or dy/dx =0

B1 for [x =] — % and ' or one coordinate pair
correct
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12(a)(ii) 1 . 3 | B2 for one correct with reason
5 4 | Max with reason or M1 for correct attempt to find
) e.g. 2nd derivative/gradients/sketch
(E, 2] Min with reason
12(b) line y =x+3ruled M2 | Bl for [y =]x+3identified
orrulesy=x+kory=px+3
-0.7t0 —0.8 Al
2.7t02.8
S5(@)i) |2.7t02.8
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5(a)(ii)

tangent ruled at x = -2

B1

6to 10

dep on B1 or a close attempt at tangent at
x=-2

or M1 for rise/run for their tangent, or close
attempt, at any point

Must see correct or implied calculation from
a drawn tangent

After M0, SC1 for gradient of tangent (or

close attempt) in range embedded in
y=mx+c

5(a)(iii)

y=2x—2ruled
andx=-29t0-2.8 cao

B2 for correct ruled line

or B1 for short line or for freechand line or
broken line or ruled line with gradient 2 or
with y-intercept at —2 (but not y = -2)

5(b)

A(4,17) B (-1.5,0.5)

B4 for (—1.5, 0.5) and (4, 17), or for
x=4andx=-1.5
OR

B3 for A(4, 17) or B(-1.5, 0.5)
OR
M1 for2x*2x—7=3x+5 oe

AND

either

M2 for 2x + 3)(x — 4)

or M1 for 2x(x —4) + 3(x — 4)
orx(2x + 3)—4(2x + 3)

or (2x +c)(x + d)

where cd=—-12 orc+2d=-5
[c and d are integers]

OR

M2 for

—theirbt \/ (their b)* — 4(their a)(their c)
2(their a)

or M1 for \/(.‘fhez'ir"l.'))2 — 4(their a)(their c)

or for p =—their b, r = 2(their a) if in the

p+vq p-+q
form o
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8(a) ab(3a — b) final answer B1 for a(3ab — b*) or b(3a® — ab)
or ab(3a —b) seen
8(b) x > 7.5 final answer B1 for 1243 <5x—3x oe
8(c) 27281 B1 for two of 27, x° and »'* correct
8(d) 1 M2 for 4 = 6x + 2x or better
0.50r —
2
or
M1 for 2(2 —x) =6x oe
8(e) 2x* + 5x% — 23x + 10 final answer B2 for correct expansion of three brackets

unsimplified

B1 for correct expansion of two brackets
with at least 3 terms correct
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10(a)(1)

A(-4, 0)
B(1,0)
C(0, -4)

B3 for A and B correct
Or B2 for B (-4, 0) and A (1, 0)

Or B1 for (x + 4)(x — 1) or for

34432 —4x1x—4

2
and B1 for A or B correct

B1 for C(0, —4)
OR

SC2 for —4, 1 and —4 in correct positions on
the graph

10(a)(ii)

2x + 3 [ + 0] final answer

B1 for answer 2x +c or forax + 3, a # 0 or
for correct answer seen

10(a)(iii)

y=Tx—8oe

B2 for answer 7x — 8
OR

M1 for [gradient =] 2(2) + 3 FT their part
(a)(ii) of the form ax + b

Mi1dep for substitution of (2, 6) into

y = their mx + c oe

10(b)(1)

Correct sketch

B1 for one correct section out of 4

OR

B1 for two properties correct from

e  Crosses x-axis at (0, 0) (180, 0) and
(360, 0) only
Correct curvature in each section of 90°
Asymptotes at x = 90 and x =270

10(b)(ii)

125.5 or 125.53 to 125.54
and
305.5 or 305.53 to 305.54

B2 for one correct angle
or Bl for —54.5 or —54.46... or for 2 angles
with a difference of 180.

5(a)

1.48

B2 for 7x +2 = 12.36 or better
or M1 for 3x + 2(2x + 1) [= 12.36] or better

5(b)

1.75 orli
4

B2 for 18x — 14x = 7 or better
or M1 for 18x=7(2x + 1)

5(c)

[0].8 oe

B2 for 4(2x +1)=13x

or M1 for i: 13
x 2x+1

or correct equation to find number of cakes
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5(d)

M2
E"‘ 10 __ 45 oe B1 for 20 seen or seen
X 2X + 1 X 2x +
90x>—-5x—20[=0 B2
* =01 e B1 for 20@x+D+10x _ 45 or better
x(2x+1)
(9x +4)(2x — 1) [= 0] or for M2 | FT their 3-term quadratic

——1£4/(-1)° —4(18)(—4) o

2(18)

M1 for factors that give two correct terms
when expanded

or for correct discriminant or correct 2—
a

provided quadratic formula is in correct form

1 B1
[0].5 or 2 final answer
7(a) 2,4.5 2 | B1 for each
7(b) Correct graph 4 | B3 FT for 6 or 7 correct points FT their table
or B2 FT for 4 or 5 correct points FT their
‘ table
or B1 FT for 2 or 3 correct points FT their
table
7(c)i) |-0.5t0o-04 1
7(c)(it =1-xruled 2 1
() znd M1 for [y=] 1 —xor {x2+—=} 1-x soi
X
1910175 or B1 for 1.9 to ~1.75
7(d) Any integer > 2 1
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10(a)@) |10
10(a)(ii) |-19 FT 1 -2 their (a)(i)
10(b -
®) ITX oe final answer leorx=1—2y0ry+2x=lor%=%—x
or y— 1 =-2x or better
10(c) 1
— oe
2
10(d) 4x* — 8x + 2 final answer M1 for (1 —2x)(1 —2x) — (1-2(1 —2x)) or
better
B1 for 1 — 2x — 2x + 4x*
B1 for — (1 — 2 + 4x) or better or [+] 1 —4x
or for correct answer seen then spoiled
10(e) x final answer
10(f) 3125
10(g) 25
10¢h -2
®) B1 for Lor 0.04
25
7@3G | B-x)3+x) 2 | M1 for 83 +x) —x(3 +x)
or3(8 —x) +x(8 —x)
or (a — x) (b + x) where ab =24 or
a-b=35
T(@)(ii) |[e=]1-3 3 | FT their (a)(i) for a and b
[6=18 B1FT for each of a and b or both correct
[c=]24 but reversed
B1 for [c =] 24
T(a)(iii) |8 3| M2for 5-2x
or M1 for 2xor5—kx, k20
7(b)(1) | Correct sketch: 4 | B1 for positive cubic shape with max on
positive cubic shape and max on the the y-axis or to the right of y-axis
y-axis or to the right of y-axis B1 for root at (-1, 0)
with one root at (-1, 0) B1 for turning point at (3, 0)
and B1 for y-intercept (0, 9)
turning point at (3, 0)
and If 0 score SC1 for all three intercepts on
y-intercept at (0, 9) all labelled axes identified
7(b)(ii) | x*—5x*+3x+9 final answer 3 | B2 for correct expansion of three brackets

unsimplified

B1 for correct expansion of two brackets
with at least 3 terms correct

205



9(a)

2,3,4,5

B1 for 3 correct and no extra or 4 correct
and one extra
orMlfor 1<x<5

9(b)(i)

3y (2y — 5x)

B1 for 3(2)7 — 5xy) or y (6y — 15x) or for
the correct answer seen and then spoiled

9(b)(ii)

y-3x)(y+3x)

Bl for (y+3)(y-3)

9(c)

dx+5
(x-D2x+1)
4x+5

or ——— final answer
2x —x-1

M1 for3(2x+1)—2(x—1) oeisw

M1 for (x — 1)(2x + 1) oeisw

9(d)

(1.74, 721 to 7.24)
and
(-3.74,-9.20t0 -9.22) cao

For the y values accept any value rounded
to 2 decimal places in the given range

B5 for (1.74, 7.21 to 7.24)

or (-3.74 ,-9.20 t0 -9.22)
orx=174andx= —3.74

OR

M2 for 22 +4x—13=0
or2y? +4y—133=0

or M1 for 2x*+7x—11=3x+2
2
) _
ory—Z[y—J +7(y 2] ~11
3 3

AND
FT their quadratic expression (not
2%+ 7x—11)

4++/4% —4x2x—13

2x2

M2FT for —

or —IJ_r\/E oe
2

or M1FT for V42 —4x2x-13 oe
~4+k or 4k
2x2 2x2

or (x+ 12 [—132—1=0]

or for

10(a)

-23

M1 for 4 — 3(3%) oe soi

10(b)

4;—)6 oe final answer

Ml forx=4-3yory+3x=4
orx+3y=4
y 4 x 4
or —=—+x o0eor —=—+y 0e
-3 3 -3 3

10(c)(i)

1+ 6x final answer

M1 for 4 — 3(1 — 2x)
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10(c)(ii) | 20 —36x 4 | B3 for 20 — 36x seen in working then
or 4(5-9x) final answer spoiled
OR
M1 for (4 — 3x)* + 4 — 3x —9(x* + x) or
better
B1 for [(4 — 3x)*=] 16 — 12x — 12x + 9%’ or
better
B1 for answer 20 — kx or k—36x oe
or answer 20 —36x + kx>  k#0
10(d) 1 2 L
D) 0e M1 for 3*)%or9¥=9 2 oe
5(a) -2.1,1.6,-1.7,2.1 3 | B2 for 3 correct
or B1 for 2 correct
5(b) Fully correct curve 4 | B3FT for 8 or 9 correct plots
or B2FT for 6 or 7 correct plots
or B1FT for 4 or 5 correct plots
5 M2
© line y = %(1 —x) ruled M1 for line with gradien f%
M1 for line through (0,%) but not y = %
-2.15t0-2.01 B2 | B1 for two correct
-0.45 to 0.2
22510245
5(d) number of intersections of their curve and 1 | strict FT for their curve
the line y =1
8(a) -3 1
8 2
® 12 oe M1 for 3 soi
11 3
x+2
8(c) 64x —45 final answer 2 | M1 for 8(8 X — 5) —5 isw
8(d) x+5 oe final answer 2 | M1 for ascorrect first step y+5=8x,
Y
—=x—-—orx=8y-5
§ " 8 4
8(e) 8x° +11x-13 3 | M1 for (8x—5)(x+2)—3 oeisw
BT final answer
x+

B1 for common denominator (x+2)
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8BA | (8x-5)"+6 =19 M1
64x* —40x — 40x + 25 Bl
64x2 —40x —40x +25+6=19 oe Al | with no errors and must show
leading to 16x% —20x+3=0 (8x- 5)2 +6 =19 with no omissions after
this
8O | o+ /(1-120)* -4(16)(3) 2| B1 for([-120)* ~4(16)(3) o better
oe
2x16
——]20
or B1 for ﬂ oe or
2(16)
[-120-q
2(16)
0.17 and 1.08 final ans 2 | B1 for each
If 0 scored, SC1 for answer 0.2 and 1.1
or answer — 0.17 and —1.08
or0.174... and 1.075 to 1.076 seen
or 0.17 and 1.08 seen in working
10(a) correctly equating one set of coefficients M1 | or making x or y the subject of one
equation correctly
correct method to eliminate one variable M1 | or substitution for x or y for their
rearranged formula
x=7 A2 | Al for one correct value
If A0 scored, SC1 for 2 values satisfying
y=-3 one of the original equations
or if no working shown, but 2 correct
answers given
10 2 3
®) M1 for y= 5 0
(x+3)
M1 for y= thelrlz oe
(7+3)
OR
M2 for 8(2+3)" = y(7+3) oe
10(c) x > -5 final answer 3| Mlfor3x-6<7x+14

M1 for their(—6) —theirl4 <7x—3x oe
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2(a)

2,2,6

B1 for each

2(b)

Correct graph

B3FT for 10 or 11 correct plots
or B2FT for 8 or 9 correct plots
or B1FT for 6 or 7 correct plots

2(c)

-33t0-3.1

FT their graph

2(d)

y=-2xruled

M1

or B1 for y=—2x stated

—2.6t0-2.45

Al

2(e)

3ordors

FT their graph
Allow more than one correct value

7(a)()

1.991 x 10°

B3 for 1991 or 1.99 x 10° or 1.991... x 10
or B2 for 1990 or 1991. ...

OR
M1 for 104.3x 26.5+ %x (-2.2)x 26.5

oe

B1 for their seen value correctly rounded
to 4 sf

B1 for their seen value correctly
converted into standard form

7(a)(i)

2(s —ut)

p oe final answer
t

M1 for correct multiplication by 2 oe
M1 for correct rearrangement to isolate
term with a

M1 for correct division by £

for 3 marks e.g. cannot have a fraction in

. 2.
denominator nor <+¢° in numerator

7(b)(i)

(2x+3)(x—-1)—(x+1)(x —2) =62

M1

2x* +3x-2x-3 oe

or X’ +x-2x—-2 oe

B1

X +2x—63=0

Al

Established with no errors or omissions

7(b)(ii)

(x+9(x-7)

B1 for (x+ a)(x+b) where ab=—63 or
atb=2

or for x(x—7)+9(x—"7) or for
x(x+9)-7(x+9)

7(b)(iii)

20

FT 2 x their positive root + 6
M1 for substituting their positive root into
four lengths or for stating 2x + 6
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9(a) 82 2 | M1 for (3%)*+1 soi by (3%)*+1 or g(9) isw
9 2
®) x+2 final answer M1 fory+2=7xor%:xf% or

x=Ty-2

9(c) [a=]1,[6=]2,[c=]2 3 B2 for x* +x* +x* +1+1
or M1 for (x* +1)* +1

9(d) 3| M2 for 7x—2=4

5 o¢ or M1 for 3*= 81 soi f(x) =4
or for 3% =81 or better
3(b)iil) | (5r-9)2r-1) [=0] B2 | or B2 for e.g. 5r(2r — 1) — 9(2r— 1) and then

S5r—9=0and2r-1=0

or Bl for 5r(2r—1)-92r-1)[=0]

or 2r(5r—9)—1(5r-9) [=0]

or (5r + a)(2r + b) [ = 0] where a, b are integers
and ab=+9 or2a+ 5b=-23

If 0 scored, SC1 for 5#—9 and 27 — 1 seen but
not in factorised form

[r=] % oe [r=] %oe

B1
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4(a)(1) 1.5 oe
4@ | (0,2)
4(b)(1) y =-2x+ 6 oe final answer B2 for y=-2x+c¢ oe
or y=mx+6 oem=0
or for answer — 2x + 6
or B1 for [gradient =] —g oe or ¢ =+ 6 soi
4(b)(i1) ¥ =0.5x—1.5 oe final answer B1 for [gradient = ] — 1 divided by their gradient
from (b)(i) evaluated soi
M1 for substitution of (9, 3) into
y = (their m)x+ c seen in working
4(c)(i) 12.6 or 12.64 to 12.65 M2 for \/(8 — 2 4+(5-1)2 oe
or M1 for (8 - —4)2 + (5 - 1)2 oe
4(c)(ii) 2,3) B1 for each
5(a) 2.45,0.25,-0.25 B1 for each
5(b) Fully correct smooth curve B3FT for 6 or 7 points
or B2 FT for 4 or 5 points
or B1 FT for 2 or 3 points
5(c) 0.7t0 0.8 FT their curve
5(d)(®) Correct ruled line M1 for good freehand,

or ruled line with gradient —1.05 to —0.95

or ruled line through (0, 2) but not line y =2
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5(d)(ii) Both intersections of their (b) and 2 | Strict FT intersection of their (b) and
their (d)(i) their (d)(i)
BI1FT for one correct
OR
B2 for 0.27 to 0.28 and 2.38 to 2.39
5 M1
© Substitutes x = /2 into 1 =
2x 4
OR
Identifies y = 0 oe
OR
Correctly manipulates to a single
fraction
2-x7
e.g. oe seen
X
Concludes ‘read the graph at y =0’ Al
oe
OR
. 1
Manipulates 0 = — — X e
2x
leading to x> =2
OR
States oe = 0 leading to
x
X =2
6(a) x2 +4x — 21 final answer 2 | B1 for three of xz, +7x,—3x, - 21
6(b)(@) 5¢*(3p* — 5¢) final answer 2 | Bl for 5(3p%¢” —5¢°) or ¢*(15p* —25¢) or
q(15p¢-25¢%) or 54(3p°q - 54°)
or for correct answer seen
6()(ii) | (2g+5k)2f +3h) final answer 2 | Bl for 2g(2f +3h)+5k(2f +3h) or
21 (2g +5k)+3n(2g + 5k)
or for correct answer seen
6(b)(iii) | (9% + m)9%k —m) final answer 2 | M1 for (9 + m)(9 —m)
or for correct answer seen
6(c) 5.5 4 | M1 for 5x3(x—4)+x+2=5x6

M1 for 15x— 60+ x+2 =30 FT their first step

or 3x712+%:6

If MOMO, SC1 for 3x —12+x+2=300¢

Mildep for 16x =88 FT their previous steps
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2(a)

-10

M1 for —17 — 3 = 7x — 5x oe or better

2(b)

-1, 0, 1, 2 final answer

B2 for 3 correct values and no incorrect values
or 4 correct values and one incorrect value

or M2 for 7%<n€2 oe

or M1 for —%<n§k or k<n<2 oe

2(e)(i)

ag

2(c)(ii)

125x*y® final answer

B1 for 2 correct elements if in form kx"y™

2(c)(iii)

[

4

4y
3x

final answer

3t )7
B2 for [m] o€ seen
y

OR

B1 for 3x* or 4!
and

641° (5]
M1 for [2_}1] oe

12
Tx

0 )
If 0 scored, SC1 for o3 o 2333%
27x 0.25y

S(a)()

-3

5(a)(ii)

6.2t0 6.4 oe

M1 for 3 seen or used

3(b)

y=35—3xruled

B1 for y = 5 — 3x soi or ruled line with gradient
— 3 or with y — intercept at 5 (but not y = 5)

or

B1FT for incorrect line equation/expression
shown in working and their line correctly drawn

-03t0—-0.2
1.65t0 1.8

B1 for each, dep on y =5 — 3x drawn
or FT their line provided equation/expression
shown in working, dep on B1FT for line

5(c)

Tangent ruled at x = -2

B1 for correct tangent

—4.5t0-2.5

Dep on B1 for tangent or close attempt at
tangent at x = -2

M1 for rise/run also dep on tangent drawn or
close attempt at correct tangent

Must see correct or implied calculation from a
drawn tangent

5(d@)

8,4, 0.25 oe

B1 for each

5(d)(ii)

Correct graph

B2FT for 6 or 7 correct plots
or B1FT for 4 or 5 correct plots

5(d)(iii)

1.8t0 1.9
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7(a) [y=14x+5 3 | B2 for answer [y =] 4x + ¢ oe (c can be numeric
or algebraic)
OR
M2 for y=9_9-(=3) oe

x—1 1-(-2)

OR
M1 for ?__3 oe or for
M1 for correct substitution of (-2, —-3) or (1, 9)
into y = (their m)x + c oe

7(b) 76[.0] or 75.96... 2 | M1 for tan[ ] =4 oe

T(c)(i 3
©O 4 1,23 B2FT for [y =] - 1 x+e
4 8 their gradient from (a)
oe
(c can be numeric or algebraic)
OR
M2 for 2% = _1 oe
x—3.5 their gradient from (a)
OR
M1 for — _1 soi
their gradient from (a)
M1 for correct substitution of (3.5, 2)
into y = (their m)x + c oe
7(c)(ii —4.5,4 2 -8
X ( ) B1 for each value or for [ 5 ] seen
8(a)(ii)(b) | @x+3)x—-7)[=0] M2 [ M1 for
4x(x —7)+3(x—T)orx (4x +3)—7(4x + 3)
or for (4x + a)(x + b) where either ab = -21 or
4b+a=-25
If 0 scored, SC1 for 4x + 3 and x — 7 seen but
not in factorised form
B1

7and —=
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7(a) 9 3 | M2 for 0.42x + 0.42 = 4.2 oe or better
or M1 for 0.21x + 0.21(x + 2) oe [ = 420 or
4.20]
or for 21x +21(x + 2) oe [ = 420 or 4.20]
or for 420 + 21 oe [=20]
7(b) S5r+p=245 B1
2r+3p =215 B1
45 3 | Findsp
M1 for correctly equating coefficients of »
M1 for correct method to eliminate »
OR
M1 for correctly making  the subject of one
of their equations
M1 for correctly substituting their correct r
to form an equation in p
OR
Finds # first
M1 for correctly eliminating p from their
equations
M1 for correctly substituting their value of »
to find p
7(c)( M1
©O |12, 6
x x-1
12(x — 1) + 6x = 5x(x — 1) M1 | Dependent on previous M1 earned
May be over common denominator
5x* —23x+12 =0 reached, with at Al
least one more line of working and
with no errors or omissions
7(c)(i1) (5x — 3)(x — 4) final answer 2 | B1 for (5x + a)(x +b) with ab=12 or
a+5h=-23
or for Sx(x —4)-3(x—4) or
x(5x-3)—-4(5x-3)
7(c)(iit) 3 1 | FT from their two brackets in (c)(ii)
— oeand 4
5
7(c)(iv) 3 cao 1
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9(a) x+y>=6o0e B1 for each
y<xoe
x<8
9(b) 4x + 6y < 60
9(c) Correct region indicated cao B1 for x + y = 6 ruled and long enough
B1 for x = y ruled and long enough
B1 for x = 8 ruled and long enough
B2 for 2x + 3y = 30 ruled and long enough
or B1 for ruled line through (0, 10) or (15, 0)
butnoty=10orx=15
9(d)(1) 6,6
9(d)(ii) 34 M1 for trying 4x + 6y with (4, 3) or (5, 2) or
(6,1) or (7,0)
3(a)(1) (3,5.5) B1 for either value correct
3(a)(ii)

5 7
= x + — final answer
4 4

5
B2 for answerzx + ¢ oe or for correct

equation in different form

or M1 for

oc

and M1 for correct substitution shown of (1,
3) or (5, 8) or their (a)(i) into
y = (their m)x + c oe
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5(a) 3.5,15, 39 B1 for each
5(b) Correct graph B4 for correct curves but branches joined or
touching y-axis
or B3FT 10 or 11 points
or B2FT for 8 or 9 points
or B1FT for 6 or 7 points
Blindep two separate branches not touching
or crossing y-axis
5(c) 0.5t00.6and1.3to0 1.6 B1 for each or both correct but in reverse
order
5(d) 1
5(e)(1) y=3x+1ruled B2 for correct ruled line that crosses their
and 0.3 to 0.49 curve
or B1 for y = 3x + 1 soi or freehand line or
ruled line with gradient 3 or with y — intercept
at 1 (butnoty=1)
5(e)ii) |[a=]1-6 M2 for x*+ 2 —4x = 6x> + 2x? or better seen
[b=]1-2
[c=]-4 or B1 for each correct value to a maximum of
2 marks
If 0 scored, SC1 for answer [a=]6,[b=]2
and [c=1]4
or for x° + 2x — 4x* = 6x*+ 2x° or better
7(a)() 13
M1 for h[—} oe soi or 27*
30
7(a)(iii) —x Ml for x=7—-2yory—-7=-2xor7—-y=2x
oe final answer 7
or —2=—L+x oe
2 2
7(b 0.75 oe final answer
®) M1 for 10 __
2x+1
M1 for 10 = 8x + 4 or better
7(c) 70-19x  70-19x M1 for x + 10(7 — 2x) or better isw
x(7 - 2x) or T — 2 final B1 for common denominator x(7 — 2x) oe isw
answer
7(d) 3 final answer
8@ m—1 oe final answer Ml forSp=m—Torp+ % = %
8(a)(ii) M1 for first correct step isolate term in p or

[i@ or [i]ﬁ oe

final answer

divide by +2
M1 for second correct step FT their first step
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2(a)() 2a+a+2b+3b+10=180 1
leading to 3a + 5b = 170 without error or
omission
2(a)(ii) 8a+3a+2b+b+50+4b—2a=360 1
leading to 9a + 7b = 310 without error or
omission
2(a)(iit) Correct method to eliminate one variable M1
[a=]15 A2 | Al for each correct value
[ b=]25 If 0 scored, SC1 for two values that
satisfy one of the equations or for two
correct answers with no/incorrect working
2(a)@iv) 30 1
2(b) 150r 711 or 3 2 | M1 for 6x =—12 + 3 or better
2 2
2(c) 3x+3 oe final answer 3 | M1 for 8x — 12y =5x-3
or 4x—y :5(5x73)
MIFT for isolating the y term correctly
2(d) ox® 2 L
M1 for (3x%)* or (729.7c18 )3 seen
or for 9x* or kx® as final answer
2(e) X ool o 3 | M1 for x(x + 5)
_x75 nal answer niww M1 for (x _ 5)(x + 5)
3(a) 5,-3,21 3 | B1 for each
3(b) Fully correct curve 4 | B3 FT for 9 or 10 points
or B2 FT for 7 or 8 points
or B1 FT for 5 or 6 points
3(c) -2.9t0-2.7 2 | B1 for 2 correct values
0
1.7t0 1.9
3(d) Tangent ruled at x =2 B1
10to 14 B2 | Dep on correct tangent or close attempt at
tangent at x =2
M1 for rise/run also dep on correct
tangent drawn or close attempt at tangent
Must see correct or implied calculation
from a drawn tangent
3(e) 6 1
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9(a)(@)

9(a)(ii)

M1 for h(0) or 3° or better

9(a)(iii)

9 — 45 final answer

9(a)(iv)

15 — 2x? final answer

M1 for 2(9 — x?) =3 or better

9(b)

x+3
final answer

M1 for x=2y— 3 or y + 3 = 2x or better

or Z=X*§
2 2

9(c)

1.8 or 1i or 2
5 5

M1 for 10x—-15=3 or 2x73=%

9(d)

—1 and 4 nfww

M1 for 9 — (2x - 3)*=-16

Al for 4x* — 12x — 16[= 0] oe

M1 (dep on first M1) for correct factors or
use of formula or completing the square
for their 3-term quadratic

OR
M1 for 9 —y=—-16

Al fory? =25
M1 (dep on first M1) for 2x — 3= +5

9(e)

D | —

10

x+1-2c=3x(x+1)

M2

M1 for a common denominator of
x(x + 1) seen

or attempt to multiply through by
denominators

or for M=3

x(x+1)

3x% + 4x — 1[= 0] oe nfww

Al

[x:]f4i\/4274x3x(71)

2x3

B2

B1FT for /42 —4x3x(-1) or better

2
or for [x + 2}
3

—4+ 4
B1FT for \/q_ or JE
2x3 2x3

2
or for fgi l+ 2
3 3 \3

—1.55 and 0.22 final answers

B2

B1 for each

or

B1 for —1.548 to —1.549 and 0.215...
or for —1.55 and 0.22 seen in working
or for —-0.22 and 1.55 as final answer
or for—1.5 or —1.54 and 0.2 or 0.21 as
final answer
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3(a) 0 -0.17 24 B1 for each
3(b) Fully correct smooth curve B3FT for 9 or 10 correct points
or B2FT for 7 or 8 correct points
or B1FT for 5 or 6 correct points
3(c) x<0.17 to 0.25 B2 for strict inequalities or one correct
and x>2.25 to 2.3 or B1 for 0.17 to 0.25 and 2.25 to 2.3 seen
3(d)(i) y=4—x oe final answer Bl for 4—x or y=k—x or y=4+kx oe
3(d)(ii) correct ruled line FT if in form y = mx + c oe (m, ¢ #0)
0.125t0 0.2 and 2.15 t0 2.2 B1 for each
4(a) [+]Vk —s final answer M1 for 1> =k—s
4(b)(i) (x=5)(x+5) final answer
4(b)(ii - _
o)) | x=5 o fnal answer M2 for (x—7)(x+5)
x=7 or M1 for x(x+5)-7(x+5) or
x(x - 7)+ S(x —7)
or (x + a)(x + b)
where a+b=—-2orab=-35
4(c) 4x* - Tx -8 M1 for (x—8)(x+1)+3xxx oeisw
——or
x(x+1) B1 for common denominator x(x+1) oe isw
2 — p—
w final answer
X +x
4(d) 3,4, 5, 6 nfww B2 for 3 correct or 4 correct and 1 extra
18
or M2 for n>§oeand n<6
or M1 for 18 <8n [ 30 + 3n]
or [18 —3n <] 5n <30 seen
6(a) y>x
x=15
y<50
x+y<70
6(b) Four correct ruled lines and correct all lines ruled
region indicated B1 for y = x broken
B1 for x=15
B1 for y =50 broken
Bl for x+y=70
6(c) 189 M1 for (21, 49) seen

or for 2x +3y written for a point (x, y) in their
region where x and y are integers
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10(a)

10.8 or 10.81 to 10.82

M2 for \[(6--3)* +(-2-4)" oe
or M1 for (6773)2 4—(7274)2 oe

10(b)(1) 6,4 B1 for each
10E)E ) 2 M1 for 12-(4) oe
10(b)(iti) y= flx +4 oe final answer M1 for gradient = 1 or N S
2 2 their (b)(ii)
M1 for (2, 3) substituted into their y=mx+c or
y=n=m(x-x)oe
5(a)() (2n+m)(m—3) final answer 2 | M1 for m(2n+m)-3(2n+m) or
Zn(m - 3) + m(m —3)
5(a)(ii) (2y-9)(2y+9) final answer 1
5(a)(ii)) | (z—4)(¢r-2) final answer 2 | Bl for (t—4)(r-2) seen and spoiled
or M1 for #(t—2) — 4(t— 2)
ort(t—4)—2(t—4)
or (t+a)(t+b)
wherea+ b =—6 orab =+8
5(b 4
®) [X=]2i M1 for xk =2m—x or k=2%m—1
k+1 x
2m

Ml for xk+x=2m or k+1=—
x

M1 for x(k+l) =2m
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5(c) correctly eliminating one variable M1

x=16 Al

y=1-2 Al | If 0 scored SC1 for 2 values satisfying
one of the original equations
or SC1 if no working shown, but 2
correct answers given

5(d)(i - = M1 -
(d)(@) 3m 4(m + 4) 6m(m + 4) or 3m—-4(m+4) [=6] oe
m(m + 4)
Im—4m —16 = 6m> +24m M1 | removes brackets correctly
6m:+25m+16 =0 A1l | with no errors or omissions
S| a5+ f(25) -4(6)(16) 2| B1 for \/(25)2 —~4(6)(16)) or better
2x6 2
or or B1 for [m + E]
> 12
-25 25 16
|22 = _
12 ~ [12) 6 and if in form P+\/; or £ Jg
r r

B1 for p = —-25 and r = 2(6)

—0.79 and -3.38 2 | B1 for each

final ans cao

SC1 for 0.8 and -3.4

or for —0.78 and -3.37

or —0.789... and —3.377...

or 0.79 and 3.38

or —0.79 and —3.38 seen in working
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7(a) x=0 1
7(b) Tangent ruled at x = 0.5 B1 | No daylight between tangent and curve
at point of contact
—-91t0-6.5 2 | dep on ruled tangent or close attempt at
tangent at x =0.5
M1 for rise/run also dep on tangent or
close attempt at tangent at x =0.5
7(c)(@) 0 2.4 orbetter 4 3 | B1 for each
7(c)(ii) Correct smooth curve 4 | B3FT for 6 or 7 correct plots
or B2 FT for 4 or 5 correct plots
or B1 FT for 2 or 3 correct plots
FT their table
7(d) x* +3x+4=10-8x”and correctly 1
completed
7(e) line y =—2x+ 2 drawn and 3 | B2 forruled y=-2x+2
—0.45 to —0.35 nfww or B1 for —2x + 2 seen or for line
y=-2x+cdrawnor fory=cx+2
(c #0) drawn
and B1 for —0.45 to — 0.35 nfww
4(a)(i) 243p" final answer 2 | B1 for answer 243p" or kp'® (k #0)
4(a)(ii) 9x)* final answer 2 | B1 for answer with two correct elements
in correct form of expression
4(a)(iii) m> 1
— final answer
25
4(b) 10 4 | B2 for x = 8 or for

[length of rectangle =] 31
or M1 for 5x — 9 =3x+ 7 oe or better

310
(3xtheirx+7)
310
or —————

(5xtheirx —9)

M1 for

Alt method using simultaneous eqns
M1 for 5xw— 9w =310

and 3xw+ 7w =310
M1 for equating coefficients of xw

M1 for subtraction to eliminate term in
xw
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6(a)

~2[.0],-0.2,25

B1 for each

6(b)

Fully correct curve

B4 for correct curve, but branches joined

or B3FT for 9 or 10 correct plots

or B2FT for 7 or 8 correct plots

or B1FT for 5 or 6 correct plots
and

B1 indep two separate branches not
touching or cutting y-axis

6(c)(@)

Correct tangent and
3ggrad< 5

B2 for close attempt at tangent to curve
at x =— 2 and answer in range
OR
B1 for ruled tangent at x =— 2, no
daylight at x = -2
and Mldep (dep on B1 or close attempt
at tangent) [at x = -2] for rise

run

6(c)(ii)

[y =] their(c)(i) x + their y-intercept final
answer

Strict FT their y-intercept for their line
M1 for y = their(c)(i) x + any value or
‘c’ oe seen

or for y = any value(non-zero) x or ‘mx’
+ their y-intercept seen oe

6(d)(@)

1.05to 1.25

6(d)(i)

-23t0-22
-04t0-03
03t00.4

B1 for each
After 0 scored B1 for y =—4 ruled

6(¢)

[a=]2
[b=] 24
[n=]5

B2 for 2 correct or for
2x° + 24x* [-3 =0]

or B1 for 1 correct or for

2x° -3+ 4(6x%)
6x°

If 0 scored SC1 for 2x° seen in final line

of algebra

[=0]oe

8(a)(@)

M1 for h(0) or for 283"

8(a)(ii)

10
2" +1

M1 for g(%) or for

224



8(a)(iii - 3 -
(@)(iid) 10-x or 10 —1 final answer M2 forx = 0=y or better or
X x y
xy =10 - x or better
ory+1= 10
x
or M1 for x(y + 1) =10 or y(x+ 1) =10
orx= iorx+ 1= 10
y+1 y
8(a)(iv) 5 1
8(b) _3x? +5x+18 3 8-3x)(x+1) +10
X TOXT0 eal answer M1 for ( iCag)
x+1 x+1
B1 for — 3x* — 3x + 8x + 8 [+10]
2(a)(i) | D [ B1 for each
2(a)(ii) 14, oy iy ey — 2 B1 for each
2(b) Fully correct smooth curves B3 for correct curve of y =2*
or B2FT for 4 or 5 correct points
or B1FT for 2 or 3 correct points
B3 for correct curve of y=14—x>
or B2FT for 4 or 5 correct points
or BIFT for 2 or 3 correct points
2(c)() 35t03.7
2(c)(ii) 2.65t02.8
2(d)(@) Correct line Ruled, through (4, 2) and gradient —4
2(d)(ii) Tangent B1 for each
(2,10)
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5(a) 15.6[0] 4 | B3 for 20900x = 326040 or better
or M2 for 18500x + 2400(x — 2.5[0]) = 320040
or M1 for 18500x or 2400(x — 2.5[0])
5(b)(i) (y+12)(y—7) final answer 2 | Bl for (y+a)(y+b) whereab= — 84
or a+b=5or y(y+12)-7(y+12)
or yy-7N+12(y-17)
5(b)(ii) 38 cao 3 |B2for y=7
or M1 for y(y+5)=84 oe
5(c)(1) 168(m —0.75) + 207m =100m(m — 0.75) M2 | May be all over common denominator
o¢ M1 for 168 or 207 used
m m—0.75
OR
207 =100m — 168 - 75 + E
m
at least one interim line Al | No errors or omissions
leading to 50m* — 225m + 63 =0
5(c)i) | (10m—3)(5m—-21) B2 | M1 for (10m+a)(5m+b) where ab=63

OR

(29 J(-225)% - 4(50)(63) .

2(50)
OR
225 (225 63
m=—-=,|—| —— oe
100~ \L100) 50

or 5a+10h=-225
or  10m(5m—21)—3(5m—21)
or  5m(10m —3)—21(10m - 3)

OR

M1 for \/ (-225)* —4(50)(63) or for p = (-225),

r=2(50) if in form p+\/3 or Pi\l;
r r

OR
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9(a) y=-2x+5 oe B2 for -2x+5
or
M1 for gradient= -1 +% or better
M1 for substituting (1, 3) into y = (their m)x + ¢ oe
If 0 scored SC1 for (1, 3) satisfying their wrong
equation (¢ # 0) with gradient # %
9I(b)( >2
® x oe SC3for x>2 and y<5 and y> %x
y<5 oe OR
Bl forx>2
Blfory<5
y=—x oe 1
B2 fory > Ex
or M1 fory > kx (k>0)
OR
SC2 for all three boundary lines identified but with
incorrect sign(s)
If 0 scored SC1 for one or two correct boundary
lines with incorrect sign(s)
9(b)(ii) 5,4 M1 for one trial of an integer point inside region or
for 3x+5y =35 drawn
10(a)() 26 M1 for g(5) or for (x2 +1)2 +1
10@Gi) | X +4x+5 Ml for (x+2)° +1
10(a)(dii) | S M1 for 2x-3=7
10(a)(i
(@)(1v) x+3 oe M1 for x=2y—-3 or y+3=2x or sz,i oe
2 2 2
10(b)(i) [0].70 cao B1 for [0].696 to [0].697
10(b)(ii) | 4 cao
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3(a)

0 -2 09

B1 for each

3(b)

Correct curve

B3 FT for 9 or 10 points
or B2 FT for 7 or 8 points
or B1 FT for 5 or 6 points

3(c)

—0.45 to -0.35
1
2.35t0 245

FT their graph
B1 for each in the correct position
If zero scored, SC1FT for 3 correct values

3(D@)

y=1-x oe

Blfor y=1-kx oe,k#=00r y=k—x oe
orl-x

3(d)(ii)

Correct ruled line and
2251024

B2FTdep for correct ruled line

or B1 dep for line through (0, 1) when
extended but not y = 1 or with gradient
—1.1 to —0.9 or correct line but frechand
or SC2 for y =x — 1 ruled after answer
v =]x—1in (d)()

and

B1 for 2.25 t0 2.4

3(e)

Correct tangent and
1.7t03.7

No daylight between tangent and curve at
x=-0.25. Point of contact is the midpoint
between two vertices of daylight and this
point of contact must be between —0.35
and —0.15
B2 for close attempt at tangent at
x=-0.25 and answer in range
OR
B1 for ruled tangent at x = —0.25, no
daylight
Consider point of contact as midpoint
between two vertices of daylight, the
midpoint must be between x = —0.35 and
—0.15
and M1 dep on B1 or close attempt at
tangent at x =—0.25 for e

run

8(a)

(5, 6)

8(b)

[y =]—%x+3 nfww

B2 for [y =]—%x+c nfww

or M1 for 2% using any two of (-5, 7)
run

(0, 3) and (5, 1)
and B1 for [y=]mx+3 (m#0)
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8(c) 4 2 | FT their gradient from 8(b)
y=- 35 x-2 oe
B1 for y = (their gradient)x + ¢ (¢ not 0)
orfor y=mx-2 (m#0)
or for —ix —2 alone
8(d)a 3
(D y= E.1c+4 oe M1 for —% from 8(b)
4 their gradient
M1 for (8, 14) substituted into
their y=mx + c or y-14 = m or better
x—8
8(d)(i1) 8.54 or 8.544... 3 | M2 for (14— their6)* + (8 —their5)* or
better
or M1 for 14 —their 6 and 8 —their 5 seen
8(d)(iii) | (4,6) 2 | B1 for each
9(a)(i) 72 1
m
9(a)(ii) 72 1
m+0.9
9 (b) 72 72 4 M1 | FT their (a)(i) and (a)(ii) if expressions in
— = =4 oe
m m+09 m
72(m +0.9)—72m = 4m(m +0.9) oe M1 | Dependent on M1 and correct fractions
[72m —72m]+ 64.8 = 4m” +3.6m oe Al
nfww
Correct completion to Al
10m? +9m-162=0
9(c)(i) 3.6 and —4.5 final answer 3 | B2 for (Zm + 9)(5m —18)or
~9++/(9)* —4(10)(-162
\/( ) ( X ) or better
2x10
or B1 for (am + b)(cm +d) where ac = 10
and either bd = -162
orad+bc=9
or for \/ (9)2 —4(10)(-162) or better or
-9+
—\/‘; or better
2(10)
9(c)(ii) 20 1
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11(a)

5(m—2p21m+2p2) final answer

3 | M2 for (Sm +k)m + j)where kj =—20p°

or 5/+k=0
or M1 for S(mz —4p4) seen

11(b)

[P=] _1004 final answer
TR

100+

M1 for 1004 = 100P + PRT

or for 4 = P(1+ E)
100

M1 for 1004 = P(100 + RT) or for

or for 1004 = P(1 + RT) after
1004 = P + PRT as first step

2(a)

M1 for30+2x=9—-12xor
10 + 2;vc =3 —4x
3

M1 for collecting their terms correctly to
reach ax="5b

2(b)

6ab*(2b + 34°) final answer

M1 for any correct partial factorisation seen
or for correct answer seen

2(e)(®)

104°¢’ final answer

B1 for final answer with 104"’ or 10a°¢* or
ka’c®

2(e)(ii)

6

d _
—5- or 8a° ¢ final answer

c

6 k

., 8a a
B1 for final answer with —— or —;- or
c c
6

ka

or for correct answer seen

2(d)

0.5 or l
2

Ml fory= —
()c+2)2
B1 for k=50

or
M2 for 2(3 + 2)* = (8 + 2)* oe

2(e)

2 2
Tx—x Tx—x

or oe final answer
2 (x — 2) 2x—4

M1 for 5 x 2 — (x — 5)(x — 2) oe seen

M1 for common denominator 2(x — 2) oe isw
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5(a) -3,17 2 | B1 for each
5(b) Fully correct curve 4 | B3 FT for 10 or 11 points
or B2 FT for 8 or 9 points
or B1 FT for 6 or 7 points
5(c)(i) Correct ruled tangent for their curve 1
through (0, —17)
5(c)(i1) (1.7t02.2,-1t0 2.5) 1
5(c)(iii) [v =] 9x — 17 final answer 3 | M2dep for answer [y =] 9x[+] — ¢
OR
Mi1dep for gradient = % for their tangent
run
at any point
B1 for answer [y =] kx[+] — 17 (k= 0)
5(d) v =3x+ 2 ruled correctly and 4 | B2 for y = 3x + 2 ruled
—2.2..t0-2.1 or B1 for [y =] 3x + 2 soi
—0.6 to 0.4 or y=3x+ kruled
261028 ory=kx+2butnoty=2
B2 for all 3 values
or B1 for 2 values
6(a) 0.6 1
6(b) 50.7 3 1
M2 for 1.2 x 19+ 5(19 +12)x 1.8 0e
or M1 for method for finding any relevant
area
6(c) 17.9 3 | M2 for their 50.7 - 1.2 x 19 [- 10] oe
or M1 for 1.2 x 19 oe seen isw
4(a) -1,3 B1 for each

231



4(b) Correct graph 3 | B2FT for 6 or 7 correct points
or BI1FT for 4 or 5 correct points
4(c) Correct ruled tangent 3 | B2 for close attempt at tangent at x = —4 and
and -2 < gradient € —1.5 answer in range
OR
B1 for ruled tangent at x = —4 with no daylight
and
M1 for rise/run also dep on close attempt at
tangent. Must see correct or implied calculation
from a drawn tangent.
4(d) -3,3 1
4(e) Correct graph 4 | B3FT for 7 or 8 correct points
or B2FT for 5 or 6 correct points
or B1FT for 3 or 4 correct points
4(DH(3{) 3.6t03.85 1
4(f)(ii) x > their (£)(i) 1| FT
4 2 3 M1 13 9 4
@ X 0 A 4y Allow — for —+—
4 x «x 4 x X X
52 Al
9(a) 0 1
9 5 2 1
® M1 for 3(3")+4 or better or f(g) or f(3™)
9(c +1 2 1
© x oe final answer Ml for x=2y—1 or y+1=2x or%zxfg
or better
9(d) 9x +16 2 | M1 for3(3x +4) + 4 oe
9(e) 9x? +24x+16 2 | B1 for three terms from 9x* +12x +12x +16
correct
9(H) 27 2 | M1 for x = h(their g(2))
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3 (@ 00.50e 1.25 oe L,L1,1
(b) Fully correct smooth curve 4 B3 FT for 7 or 8 points
or B2 FT for 5 or 6 points
or B1 FT for 3 or 4 points
(©) 3.6t03.8 2 M1 for y = 3.5 soi
) line y=x+1 ruled M1
-1.55t0-1.40 4.55t04.8 Al Al | If 0 scored SC1 for y =x+1 stated or
implied
or for 2 correct values given
€ @ Point plotted at (5, 5) 1
(i) Tangent ruled from A4 1
(iii) 1.2to 1.4 B2 B2 and M1 dep on reasonable attempt at
tangent from (5, 5)
M1 for change in y/ change in x of their
ruled line
5 (a (@ (3x—1)(x+4) 2 M1 for (3x+b)(x+c) with bec =—-4
or 3c+b=11
or for 3x(x + 4) — 1(x + 4)
or forx(3x— 1) +4(3x-1)
1
(ii) goe and —4 1
® @ 2x2(x—4)—2(2x+11) =(2x+11)(x—4) M2 M1 for common denom
or better 2(2x+11)(x—4) seen
or attempt to multiply through by denoms
of for 2(x—4)—-(2x+11) [: l}
(2x+11)(x—-4) 2
2x? +11x —8x — 44 or better B1 or for other correct relevant 2 bracket
expansion if alt method used
4x-16-4x-22=2x" —8x+11x—44
2% +3x—6=0 Al correct solution reached with all brackets
expanded and no errors or omissions seen
2
=3+(3) —-4(2)(-6
(ii) ( )2 3 (2)(=6) 2 B1 for (3)2 - 4(2)(76)) or better
X R
or (er—] oe
4
3+ -3-
and B1 for \/E or \/l; or better
2(2) 2(2)
3 |57 3 /57
or —=+,[~—oeor —=—,[~— oe
4 V16 4 Y16
—2.64 and 1.14 final ans cao B1B1 | SC1 for—2.6 or-2.637...and 1.1 or

1.137...
or —2.64 and 1.14 seen in working
or 2.64 and —1.14 as final answers
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9 (a) x<10 oe 1 Accept x<9
y=2oe 1 Accepty>1
(b) x+3y<2loe 1 Mark answer line isw
(© ruled broken line x =10 B1 orruled linex =9
ruled line y =2 B1 or ruled broken line y =1
ruled line from (0, 7) to (21, 0) B2 SC1 for line with negative gradient
correct only at (0, 7) or (21, 0)
correct region indicated cao 1
@ o 4 1
(ii) 20 1
11 (a) 4 5 6 7 1
8 16 32 64 128 3 B2 for 3 or 4 correct
or B1 for first 2 correct
If 0 scored, SC1 for 4 values correctly
doubled FT one error
(b) 2" oe 1
© @ 2+4+8=14 1
16-2=14 1 or for 14 +2=16=2"
(i) 62 2 B1 for each
and
6
(iii) 2" 2 0e 1
(iv) 9 1
4(a) -1.6t0 -1.4 1
4(b) -0.5 1
4(c) k>-4 2 | B1 for identifying the -4
or for horizontal line drawn y = —4
4(d) y=x->5ruled 3 | B2 for correct line and 2 correct values or
and no line and 3 correct values
-2.3t0-2.1 or B1 for no line and 2 correct values
-1.2t0o-1.1 or B1 for correct line
1.3to1.4
4(e) Tangent ruled at x =1 B1 | No daylight at point of contact. Consider
point of contact as midpoint between two
vertices of daylight, the midpoint must be
between x = 0.8 and 1.2
—6to 4 2 | Dep on B1 or close attempt at tangent at
x=1
M1 for rise/run for their tangent at x =1
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6(a)(i)

—7x + 55 final answer

M1 for 8x + 20 or —15x + 35
or answer —7x + k or kx + 55

6(a)(ii)

x* — 14x + 49 final answer

M1 for 3 of x* — 7x — 7x + 49

6(b)(0)

—-18

M1 for a correct first step ie correctly
multiplying by 3 or correctly dividing by
2 or for correctly subtracting 5

M1 for correctly reaching ax = b from
their first step

6(b)(ii)

15

M2 for 6x —4x=21+9 oe

or

M1 for 6x — 21 or correct division by 3

or for correctly reaching ax = b from their
first step

6(b)(iii)

5 and -5

B2 for 50or-5
or M1 for [x* =] (74 + 1) + 3 or better

7(a)

(-0.5, 3)

B1 for one correct value

7(b)

[v =1-2x + 2 final answer

M1 for or better

M1 for substitution of (-3, 8) or (2, -2)
or their midpoint into y = mx + ¢ with
their m

7(c)

y=-2x+7o0e

2FT

FT their (b)
M1 for y = (their-2)x + k (k+2)
ory=kx+7(k#0)

If zero scored, SC1 for (their - Z)x +7

7(d)

x—2y+9=00r2y—x—-9=00e

B3 for any correct equivalent in wrong
form

Or

M2 for y = 2 x + k oe (FT negative
reciprocal of their gradient in (b))

or M1 for grad = % (FT negative
reciprocal of their gradient in (b))

M1 for substitution of (1, 5) into
y=mx + ¢ oe with their m
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8(b)(1) x (x—25)=2200 1 | and no errors seen
BONE) | _(25)+/(-25)* - 4(1)(~2200) B2 | B1 for/(-25)? - 4(1)(~2200) or better
or
2D 25Y
better or for x—? oe
or B1 for 29+ \/E or ~(25)- JE
20 2
or both
2
or for E+0r— [EJ +2200
2 2
—36.04 and 61.04 final answer B1,B1 | If BOBO, SC1 for values in ranges
—36.042 to —36.041 and 61.041 to 61.042
seen
or for answers —36[.0] or —36.042 to
—36.041 and 61[.0] or 61.041 to 61.042
or —36.04 and 61.04 seen in working
or for —-61.04 and 36.04 as final ans
4(a) -1.75t0-1.7 1
1.7to 1.75 1
4(b)(1) | Correct ruled solid tangent at 1
(-1.5,3.5)
4(b)(ii) | -7 to-5 2 dep | dep on close attempt at ruled solid tangent at x =—1.5 in
part (b)()
M1 for rise/run dep on close attempt at ruled solid tangent
atx=-1.5
4c)i) |1 1
4(c)(ii) | Correct curve 3 | B2 for 4 or 5 correct points
or B1 for 2 or 3 correct points
4(d)i) |-0.95t0—-0.8 1
1.1to 1.45 1
4(d)(ii) | their (-0.95t0 0.8 )<x< 1FT | correct or FT their (d)(i)
their( 1.1 to 1.45) oe
4(e)d) | 0.125 oe and 0.03125 oe and 1
0.000976 to 0.000977 oe
4(e)i) |0 1 | accept zero, nought, etc

236



7(2)(1)

4.5 or 4% or % final answer

M2 for [2](4x + 7) = [2](6x — 2) oe

or M1 for 2(2x + 6) + 2(2x + 1) oe

or 4(3x —1) oe

or M1 for correctly reaching ax = b from their linear
equation

T@)[) | (2x+6)(2x+1)=3x—1)° M1 | May be seen in different stages
5x* —20x—5[=0] oe B3 | B1 for 4x* + 2x + 12x + 6 or better
B1 for 9x* — 3x — 3x + 1 or better
—~(-20) + ,'(_20)2 —4(5)(=5) M2 | FT their 3 term quadratic provided formula used or
26) complete the square
—(-20)+
oe M1 for /(-20)* —4(5)(-5) oe or if in form %5)\/;
or w FT= their quadratic
2(5)
or for completing the square
M2 for 2 1+ 2
or M1 for (x — 2)?
4.24 or 4.236... cao B1
7M®)i) | (x+5)(x—1) final answer 2 | Bl forx(x—1)+5(x—1)
or x(x + 5) —[1](x + 5))
or for (x + a)(x +b) whereab=-35
orath=4
7)) | 5(x+1)—-8x=x(x+1) M2 | Could be seen in different stages
_ M1 for 5(x + 1) — 8x seen or for common denominator of
S5x+5-8x=x"+
or >x x=rowx x(x + 1) for LHS or both sides soi
—5and 1 cao A2 | Al for x* +4x—5[=0]oe
9(a)(i | 100 1
9(a)(ii 92.3 or 92.29... to 92.31 3
(@)1 or 0 M2 for 200+ 2+ oe
60
or M1 for 200 + their time interval
or M1 for 10 soi oe
60
9(b)(i 240 nfw 3
®)X) e M2 for 4 E-r-ﬁ =100 oe
2160 60
or M1 for any correct relevant area seen in terms of ¥
9(b)(ii) | 2 2FT | FT for their (b)(i) ~ 1080 to 3 sf or better
= oe
9 M1 for their (b)) x - 200

soi

1
3600
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10(a) -11
10(b) 7 M1 for 3x — 2 = 19 or better
10(c) 25 M1 for 3x3" —2o0e
10(d) 9x* — 8x + 2 final answer M1 for (3x—2)* +3x—2+xo0e
B1 for | (3x-2)" =| 9% —6x—6x+ 400
10
© x+2 oe final answer leorx:By—Zory+2:3xor%:xfé or better
3(a) 0 225 2 125 4 | B1 for each
3(b) Fully correct smooth curve 4 | B3 FT for 7 or 8 points
or B2 FT for 5 or 6 points
or B1 FT for 3 or 4 points
3(c) 1 1
3@ | [y=lx+1 1
3(d)i) |—2.2to-2.1 1
—0.45 to —0.4 1
0.51t0 0.6 1 | If zero scored, SC1 for their line in (d)(i)
drawn.
It must be of the form y =mx + ¢ (m = 0)
and drawn ‘fit for purpose’
3(e) -1.33<k<0t00.1 2FT | FT Strict ft of their max point and min

point dep on cubic graph or accept correct
answer from calculus

B1 for each

If zero scored, SC1 for two correct values
reversed
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7(2)

[x=]-5

=17

with correct working

4 | M1 for correctly equating one set of
coefficients

M1 for correct method to eliminate one
variable

OR
M1 for correctly rearranging one equation

M1 for correct method to eliminate one
variable

Al x=-5
Al y=7  both dep on M2

If zero scored, SC1 for 2 values satisfying
one of the original equations

SC1 if no correct working shown, but 2
correct answers given

7(b) [a=] 36 3 | B2 for either correct
[b=]-6 or
M1 for a=b* ot for x* +bx+bx+b” or
better or for (x — 6)* seen
and M1 for 2b=-12soi
7(c) 7x* —12x-10 oe final answer o 4 | B1 for c'ommon denom (2x-5)(x-1)
(2x-5)(x-1) seen oe isw
M1 for x(x —1)+ (3x +2)(2x—5) soi isw
B1 for 6x> —15x+4x—10 soi
3(a) 3 M1 for 11x — 3x =—7 — 15 or better
-2.750r— 2—
4
3(b)(i) (x + 11)(x — 2) final answer M1 for (x + a)(x + b) where ab =-22
ora+b=9
3(b)(ii)) | —11 and 2 final answer
3(c) _ 2a —2a fww M1 for clearing the x term in the denominator
[x]= 2-y or y-2 n M1 for correctly removing the bracket (expand
final answer or divide by 2)
M1 for factorising to obtain single x term
M1 for their factor and division
Incorrect answer scores 3 out of 4 maximum
3(d) x M1 for x(x — 6)

—— nfww final answer
x+6

M1 for (x + 6)(x — 6)
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4(a) 10, 7 2 | B1 for each value
4(b) Correct curve 4 | B3 FT for 10 or 11 correct points
B2 FT for 8 or 9 correct points
B1 FT for 6 or 7 correct points
FT their table
4(c) -1.7to-1.55 1 | FT their graph if one answer
4(d) Tangent ruled at x = 3.5 B1 | No daylight between tangent and curve at point
of contact
6.5t0 11 B2 | dep on tangent drawn or close attempt at tangent
atx=3.5
M1 for rise/run also dep on tangent or close
attempt atx = 3.5
4(e) line y = 2x + 10 ruled 4 | B3 for correct line (could be short) and 1 correct
AND value
-13t0-1.1 or B2 for correct line (could be short)
1 or Bl for [y =]2x+ 10 seen
4.1to04.25
If zero scored, SC1 for no/wrong line and 3
correct values
7(a) -7 1
7 2
®) A or better M1 for g(4%) soi or 4 or better
64 4
7 - 2
© X e final answer leorx:3—2y0r2x:3—yor§:%—x
or Z=2 oe as final answer
7(d) g M1
Correctly interprets the indices M1 | Dep on previous M1
1 4
eg x4 or4*x — or
g 42x 42x
64 Al
6 nfww Correct completion with no errors
7(e) 1.5 2 | B1 for 4" =8 or better
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10(a) M2 2 2 2
12,52 = x* + 8.5 - 2 x x x 8.500560 0e isw MI for cos60 = X 45> ~123°
2xxx8.5
156.25 = x* +72.25 - 8.5x A1l | or better
2%*—17x—168=0 A1l | with no errors or omissions
0O | -7+ J-17)> - 4(2)(-168) 2 | B1 for /([-117)* — 4(2)(—168) or better seen
2x2 _
and ifin form 297 —4
-
Blforp=[--]17and r=2x2
14.35, —5.85 final answers 1,1 | SC1 for 14.352 to 14.353 and —5.853 to —5.852
seen
or 14.3 or 14.4 and —5.8 or —5.9 as final answers
or —14.35 and 5.85 as final answers
or 14.35 and —5.85 seen in working
10 122 0or 12.17... nfw 3 j i
(c) or nfww M2 for their 14:35x51n46
sin58
or M1 for sin46 __ sin 58
CD  their14.35
5(a) 320r3.150r3.152 t0 3.153 2 | B1 for each
5.2 0r5.190r 5.20 or 5.196...
5(b) Correct graph for 0.5 < x < 3.5 4 | B3FT for 6 or 7 correct points
or B2FT for 4 or 5 correct points
or BIFT for 2 or 3 correct points
5(c) 1.7t0 1.8 1FT | FT their graph if one answer
5(d)(i) | Any integer k> —1 1
5(d)(ii)) | Any integer k<-1 1
5(e) Tangent ruled at x = -3 B1
25t04 B2 | dep on tangent drawn at x = -3 or close attempt at

tangent at x =3
M1 for rise/run also dep on tangent at
x = -3 or close attempt at tangent at x = -3
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5(f)(1) |y =6 —xruled accurately M2 | M1 for correct line but freehand or ruled line
gradient —1.1 to —0.9, or through (0, 6)
butnoty=6

2.85<x<3 Al
5(H@) |[a=]8 4 | B3 for 2 correct
[b=]-48 or x° +8x° —48x* —16=0 seen
[e=]1-16 or —x° —8x° +48x*> +16 =0 seen
or M2 for correct multiplication by 8x*
or B1 for answers + 8, + 48, + 16
2,3
or M1 for w=6fx
x“x8
or M1 for correct multiplication by 8
or M1 for correct multiplication by x*
8(a)(i) | 7a+9p =354 oe final answer 1
B(a)(i) |[[a=1]121 3 | M1 for correctly eliminating one variable
[p=123 Al fora=21
Al forp=23
BN | 2 1
x
(b
)@ 2 3 _, M1
x x-1
2(x -1 +3x=2x(x—1) oe Mildep | Both sides of the equation could be over x(x — 1)
at this stage
Dep on M1 or 3 term equation with fractions but
one sign error
2x—2+3x=2x>-2x oe Al | Answer reached with one correctly expanded line
2% —Tx+2=0 seen and no errors seen
8(b)(iD)(b) [ 7y _ Bl 2
VT -4(2)(2) or for (xZJ
4
S \/E ——7- \/g B1 7 7\
%2 or %2 or for Z+or— —1+[Zj
3.19 only B2 | B1 for 3.19 with other root

or for 3.2 or 3.186... isw other root
or for 0.31 or 0.314 or 0.3138 to 0.3139
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9(a)

9(b) 2. M1 for 2(1-2x)=x+4
9(c) —2x — 7 final answer M1 for 1 —2(x + 4)
9(d) 26 B1 for h(5) soi
or M1 for (x2 + 1)2 +1
9(e) 1-x oe final answer M1 f;)rx =1-2y or2x=1-yor
2 P ory—1=-2x
2 2
9(f) [p=1-20 B3 for [hgf(x)] = 4x” —20x + 26 seen and not
lg=126 spoilt by further working
or
M1 for (1 -2x) +4
M1 dep for (their (5-2x))" +1
B1FT dep for
25— 10x —10x +4x°
2(a) 343 1
2(b)(i) 1 1
2(b)(ii) | x'° final answer 1
2(b)(iii) | 9x'® final answer 2 | B1 for x'? or x'® or (3x®)° seen
2(c)(d) 2(x — 3)(x + 3) final answer 2 | M1 for (2x + 6)(x —3) or (2x — 6)(x + 3)
or (x—3)x+3)
2(c)(ii) 2(x+3) or 2x+6 3 | M2 for (x + 10)(x - 3)

x+10 x+10
final answer nfww

or
M1 for (x + a)(x + b) where ab =-30
ora+b=7
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7(a) 9,-6,9 3 | B1 for each
7(b) Correct graph 4 | B3FT for 6 or 7 correct points
or B2FT for 4 or 5 correct points
or B1FT for 2 or 3 correct points
7(c) -3.5t0-3.35and 0.8 t0 0.9.. 2FT | FT their graph
BI1FT for either
7(d) o % or 1 % or 1.25 3 | B2 for cither correcSt )
or M1 for [2]| x+— | seen isw
49 1 4
b= —-— or -6— or—6.125
8 8 or for 2x* + 4ax +2a* + b
8(a)(i) 5 1
3(a\(ii
@G | 3 1
2
8(b) {4 J 2 | M1 for 5x— 4 =0 soi
—, 0] oe
5
8(c) y=-0.2x + 11 final answer 4 | M2 for y =—0.2x + c oe (any form) FT their
()
or
B1FT for grad = = soi
their (a)(i)
and M1 for substitution of (10, 9) into their
equation
8(d) 2,6) 3 | M1 for elimination of one variable
Al forx=2ory=6
8(e) 13 3 | M2 for (4 + 9) x their 2 + 2 oe

or
B1 for 9 oc or 4 or -4 seen

244



9(a)

10

x—0.5

oe final answer

Accept
P 2x -1

9(b)(M)

10 ,Q =0.25 oe

x—05 x

M1

FT their (a)

10x — 10(x — 0.5) = 0.25x (x — 0.5)
(0]5

M1

Clears algebraic denominators or collects as a
single fraction FT their algebraic fractions dep
on two fractions with algebraic denominators

10x — 10x + 5=10.25x* — 0.125x or
better

B1

Expands brackets

2% —x—-40=0

Al

Dep on M1M1B1 and no errors seen

9(b)(i)

1t - -
J1)? —4x2x 40 .
2x2

B2

B1 for +/(—1)* —4(2)(—40) or better
——1 I
or B1 for 2+\/E or \/q_

x2 2x2

or both

—4.23 and 4.73 final answers

B1B1

SC1 for —4.229... and 4.729. ..

or for —4.23 and 4.73 seen in working

or for —4.73 and 4.23 as final answer

or for 4.2 or —4.22 and 4.7 or 4.72 as final
answer

9(b)(iii)

2 [hours] 7 [minutes]

B2 for 2.11 or 2.114 t0 2.115 or 126.8 to 126.9
or 127
or M1 for 10 + their positive root from (b)(ii)

()
(b)

(©

3.5[0] 1.94 3.11

Fully correct curve

—0.7to-0.6

B1 for each

B3 FT for 10 or 11 points
or B2 FT for 8 or 9 points
or B1 FT for 6 or 7 points

B1 indep two separate branches not touching or
cutting y-axis

SC4 for correct curve, but branches joined
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(i)

(e)

-1
25

—0.6 to — 0.5 with correct ruled line

Correct tangent and
0.5 € grad € 0.85

1£ 0,0, M1 for y = 2.5 — x oe seen in working
B2FT for drawing their ruled line from (d)(i)

or M1 for ruled line through (0, 2.5)FT or
gradient -1 FT

B2 for close attempt at tangent at x =2 and
answer in range

OR

B1 for ruled tangent at x = 2, no daylight at
x=2

Consider point of contact as midpoint between
two vertices of daylight, the midpoint must be
between x = 1.8 and 2.2

and M1 (dep on B1 or close attempt at tangent
. rise

[at any point ] for ——
run

()

(b)

(©)

()

15 nfww

x+6 nfww final answer

x—2

W nfww final answer
+

—Tx-1 —Tx-1
5 or
x™ -1 (x-1D(x+1)
final answer

M1 for y=k\(x+2) oe
Al fork=3

B2 for (x+ 6)2 oe

or SC1 for (x+a)(x+b) where ab =36 or
a+b=12o0rx(x+6)+6(x+6)

B2 for (x—2)(x+6)
or SC1 for (x+a)(x+b) where ab=—12or

atb=4orx(x+6)-2(x+6)
orx(x—2)+6(x—2)

M1 for szX_a or W«.F:-JX—a
a

M1 for next productive step

M1 for 2nd productive step
M1 for 3rd productive step
M1 for final step leading to a =

M1 for common denominator (x— 1)(x +1) isw
M1 for (x—2)(x—1)—(x+3)(x+1)

B2 for x> -2x-x+2—(x*+3x+x+3)oe
or B1 for either expansion
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11 (@ @ |11
(ii) | 14x+3 final answer
(b) 17-21x final answer M1 for 7(2-3x)+30e
(©) —é M1 for 3(2-3x)=7 oe
M1 for correct first step
(d) -13 M1 for 2-3(x+4)—(7x+3)=0
M1 for —-10x-13=0 oe
If 0 scored, SC1 for answer — 0.7 oe after
2-3(x+4)—7x+3=0shown previously
5 (a) 9 1
10.5 1
(b) Fully correct curve 5 SC4 for correct curve, but branches joined
B3 FT for 9 or 10 points plotted
or B2 FT for 7 or 8 points plotted
or B1 FT for 5 or 6 points plotted
and B1 for two separate branches not
touching or cutting y-axis
© 2.1t02.6 1
85109 1
(d) 2,3,5,7 2 SC1 for correct 4 values and no more than
one extra positive integer or +2, £3, +5,
+7
or 3 correct values and no extras
(e (-2,-12) 1
® @ 20+ x% = 5 M1 Multiplication by x
B2 -20=0 Al No errors or omissions
(i) Fully correct curve y = x* 2 SC1 for U — shaped parabola, vertex at
origin
(iii) 2.5t03.5 1
(iv) 3.[0] to 3.1 or FT their answer to (iii) 1FT FT dep on (iii) > 0
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(@ @

(ii)

()

b ®

(ii)

=] %(80—2::)

A= zheir%(SO -2x)xx oe

A=40x—x"and x* —40x + A =0

(x—-30)(x-10)

30,10

(—40)* —4(1)(200) or better

p=——40and r=2(1)

586

34.14

@ 200
x x+10

200(x+10)-200x 2000
x(x+10)

C x(x+10)

16 [min] 40 [s]

M1

M1

Al

B2

B1

B1

B1

B1
B1

Al

40 — x is enough

No errors or omissions

B1 for x(x — 30) —10(x — 30) [= 0]
or x(x — 10) — 30(x — 10) [= 0]

or

SC1 for (x+ a)(x+b)

where ab=3000ra+ b=-40

or for (x — 20)?

p+\/(; p_\/; or both

or
¥ r

or for 20 £ /200

Must see

If B0, SC1 for 5.9 or 5.857 to 5.858
and 34.1 or34.14...

or 5.86 and 34.14 seen in working

or —5.86 and —34.14 as final answers

or M1 for 2% or 200
x x+10

soi

No errors or omissions

B2 for 0.27 or 0.278 or 0.2777 to 0.2778

or % [h] oe

or 16.6 or 16.7 or 16.66 to 16.67 or ?
[min]
or M1 for

2000 + 80(80+10) or 2 _ 200
80 90
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(a) 2 2 Milfor2x+1=1+4
(b) 17 2 B1 for [h(3) =] 8 soi or 2x2" + 1 oe
x-— v 1
(c) 5 oe final answer 2 M1 for y—1=2x or 5=x+5
or x=2y+1
(d) 4x* +4x+5 final answer 3 M1 for (2x+1)* +4
and B1 for [(2x+1)* =] 4x* +2x +2x +1
or better
() V2 or 141 or 1.414.... 1
) -1 1
. 1 1
(@ @ —Ex+2 oe 3 SC2 for y =—5.r+c oe
or SC1 for y=kx+2 oe, k=0
or
. -2
M1 for [gradient =] )
and M1 for substituting (4, 0) or (0, 2)
into y = (their m)x + ¢
- 16| o 4 | P
(ll) a2|:+b2 2131’{2‘*2 +bT =1 1
and ! = 4%
1
ofl| 4 ol | 22
ElCa v e
and i = 2™
. 3 K 3
(b) (i) 1.73 or 1.732.. or \/3 M2 for T:Z or better
2 g2
or M1 for 2—+k—:1 oe
16
(ii) 81.8 or 8178 to 81.79 3 M2 for 2xtan_l {@] oe
or M1 for tan = thel;ﬁ oe
¢) (i n final answer
© @ 87 final 1
i n final answer their (c)(i) x 9 in terms of &
ii 72n final 2FT FT th i) X 91 f

M1 for area factor of 32 or 9
or [new a] = 12, [new b] =6
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2 (@ @ |5 1
@ |1 oe !
2
(i) oo 2 M1 for 2** = 2° oe or better
or SC1 for either denominator or numerator
of index correct in final answer
(iv) | —Zoe 2 M1 for 3* = 37 oe or better or
1 -3x 1 2
- =| — | or better
3 3
2 .
or SC1 for 3 or any negative index
(b) (y —10) (y + 3) seen B2 B1 fory (y—10) +3(y - 10) [= 0]
or y(y+3)—10(y + 3)[= 0]
or for (y+a)(y+b)[= 0] where ab=—30
ora+b=-17
orfory—10[=0]and y + 3 [= 0]
10 and — 3 final answers B1
4 (a @ 2,05 or—l 2 B1 for each
2
(ii) | Complete correct curve 5 SC4 for correct curves but branches joined
or touching y-axis
, or B3FT 9 or 10 points
or B2FT for 7 or 8 points
or B1FT for 5 or 6 points
i
\/ 1 and Blindep two separate branches not
= touching or crossing y-axis
(b) —195t0—-1.8 3 B1 for each
—04t0-02
205t02.2
(c) Any integer k where k < — 3 1
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(i)

Correct line y =— 5x — 2 ruled
and

-04t0-02

0.551t0 0.75

[a=]5and[b=]-2

M2 for correct ruled line

or M1 for correct line but frechand

or for ruled line gradient — 5

or ruled line y-intercept — 2, but not y = — 2
and A1 for each correct solution dependent
on at least M1

If 0 scored, SC1 for both correct with no line
drawn

B1 for one correct value
or M1 for x> +5x%—2x—1=0 seen
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8 (@ @ |-3 2 M1 for [g(1)=] -2 provided not used in a
product
or for 5[ij + 7 or better
x-3
. 4
(ii) final answer 2 M1 for ——
S5x+4 5x+7-3
(i) 4+3x0ri+3 final answer 3 M2f0rxy=4+3x0ry—3=iorx=i+
x x x v
3
orz= 33y
¥y
4
or M1 forx = 3 ory(x—3)=4orx-3=
y -
4
y
orx(y—3)=4
(iv) |2 1
() (@) |Gx+TNDx-3)=4 M1
5x_15x+ Tx—21 =4 oe B1 Condone omission of ‘ =4’ for the B mark
5x?_ 8Bx—25=0 Al Dep on M1B1 and no errors or omissions at
any stage seen
4V
i) | (-8 ~4(5)(-25) or better Bl | orfor [g} oe
p+la _ p-a
p=—(-8)and r=5x 2 oe B1 must see r or . or both
2 2
or for i+ 4 +5 or 412 +5
5 5 5 5
—1.57 and 3.17 BIB1 | §C1 for final answers 1.6 or
—1.574to—-1.575and 3.2 or 3.174 to 3.175
or—1.57 and 3.17 seen in working
or for —3.17 and 1.57 as final ans
9 (a) 19[.0] or 18.97.. nfww 3| M2 for J3——2) +(13-—3)" oe

or M1 for (4——2)* + (13 —— 5)? oe

252



(b)

(©)

(@)

y=]3x+1

y=3x-50e

y= —lx+E oe isw
3 3

2FT

B2 for answer [y =]3x + ¢ oe or
answerkx+ 1 (k#0)

13--5
and M1 for correct substitution of (-2, —5)
or (4, 13) into y = (their m)x + c oe

or M1 for oeor3

FT their gradient from (b)
M1 for y = mx — 5 with other m, m #0
or y = {their gradient from (b)}x + ¢

If 0 scored, SC1 for answer 3x — 5

B2FT for —%x +¢ (c can be numeric or

algebraic)
FT —1/ their gradient from (b)
or M1 for —1/ their gradient from (b) soi

and
B1 for [midpoint of AB =] (1, 4)

and M1 for substitution of (1, &) or (k, 4) into
a linear equation

()

b)) @

(i)

x> % oe final answer

(y — 6) (x + 3) final answer

8(x + 3y)(x — 3y) final answer

12 . e
B1 for ? oe in answer with incorrect or no

sign
or M1 for one correct step e.g. 5x > 9 +3

Mlfory(x+3)-6(3 +x)
orx(y—6)+3(-6)

M2 for 2(2x + 6y)(2x — 6y) or

(8x + 24y)( x — 3y) or (8x — 24y)(x + 3y)

or 4(2x — 6y)(x + 3y) or 4(2x + 6y)(x — 3y)
or (4x — 12y)(2x + 6y) or (4x + 12y)(2x — 6y)
or M1 for 8(x* — 9%) or (x + 3p)(x — 3y)

©

final answer nfww

ryr=

p+7

M1 removes fraction correctly

M1 collects terms in r

M1 removes  as a factor from their terms in
r

Mi1dep divides by bracket to leave » and
denominator simplified
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(i)

(i)

b O
(i)

(i)
©

@

10

—3.4to-3.3 and 0.4 to 0.3
and 1.6 to 1.7

y=-23to-2.1oe
y=10to 10.10e

2,-1,4

Fully correct curve drawn

—34to-3.2and 1.8t0 1.9

3.2 oe

2FT

B1 for each

B1 for each

B1 for each

SC3 for correct curves but branches joined or
touching y-axis

or B2FT for 8 or 9 correct plots
or B1FT for 6 or 7 correct plots

and B1 indep for two separate branches not
touching or crossing y- axis

B1 for each

FT 2 = their (a)(i) + 3
M1 for f(-2) = 10 or their (a)(i) used
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7 (@ (@ A2 10 0.5 0e M2 | M1 for 12 or 10
x-1 x x-1 X
_ 10 12
12x — 10(x — 1) = 0.5x(x — 1) or better M1 |FT ———1:0.5 only
X X =
Brackets expanded
x* — 5x — 20 = 0 with no errors or Al Dep on M3 and brackets expanded
omissions seen
(i) 5
’(—5)2 — 4(1)(=20) or better B1 Seen anywhere or (x — E)z oe
p=—(=5),r=2(1) or better Bl | Must be in the form p+ya or ]
r F
2 2
or for §+ 3 +20 or S_f2 +20
2 2 2 2
~2.62,7.62 final answers BIBL | §C1 for— 2.6 or—2.623 to — 2.624 and
7.6 or 7.623 to 7.624
or —2.62 and 7.62 seen in working
or answers 2.62 and — 7.62
(iii) | 1 [ hr] 49 [mins] 2FT | FT 12 + (their +ve root — 1)
or 0.5+ 10 + (their7.62) in hrs and mins,
rounded to nearest min
M1 for 12 + (their +ve root — 1)
or 0.5+ 10 + (their 7.62)
Mb) @ [25 1
@) | 1312.5 final answer 3 M2 for any complete correct method

eg25x10+2+45%x25+5%x25+2
M1 for any correct method for a relevant area
under the graph
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(a) 092,....,...,05—-1,...., ... ,— 1, 3 B2 for 4 or 5 correct
0.5,....,...,092 or B1 for 2 or 3 correct
(b) Fully correct graph 5 B4 for correct graph but branches joined
OR
B3FT for 11 or 12 correct points
or B2FT for 9 or 10 correct points
or B1FT for 7 or 8 correct points
Blindep for a branch on each side of the
y-axis, without touching it
(¢) (i) | Correct ruled line through (-2, 1) and 2 B1 for straight line with gradient —1 or cutting
(2,-3) y-axis at —1 or correct line but freehand or short
correct ruled line
(i) | 0.7 t0 0.95 1
(i) | [p=]2and [g=]-2 3 | B2for xX’+2x*—2=0 oe
or Bl for x* —2=—x* —x* oe or better
or 1+1—%+x [=0] or better
X
d @) (1.3t1.6,0) 1
(ii) | Ruled line from (0, —2) to intersection 1FT
of their graph with positive x-axis
(iii) | Tangent [ to curve ] 1
Aor(1.3t01.6,0) 1
(a) 323 + 323 _ 36 oe three term B2 | Bl for 323 seen oe or seen oe
x x+2 X x+2
equation
323(x +2) + 323x =36x(x +2) oe M1 | i.e. for clearing the fractions (or all still over
323x + 646 +323x common denominator) or reducing the two
or " =36 oe algebraic fractions to one fraction and
X(x+2) expanding the brackets in the numerator
36x? —574x—-646=0 Al | answer reached without any omissions or errors
18x2 —287x—323 =0 with at least one intermediate line with brackets
expanded after M1
() @] 17,19 1
G| (....... +19)(.......... -17) 2 SC1 for( ....... +a)(oeeennnnn. + b) where a, b
are integers and ab =323 ora + 18h =-287
19 : "
(i) | 17, = oe IFT | FT their (b)(ii)
(c) 11 cao 1
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(a) 236 3 B2 for 243 and 7
or M2 for 3% —(2(3) +1) oe
B1 for h(5) or {(3) soi
or M1 for 3! —(2(3%) +1) or better
(b) 6x + 1 final answer 2 M1 for3(2x+1)-2
(c) x < 3 oe final answer 2 Mifor1+2>3x—2x or2x—3x >-2-1o0e
@ -2 1
2 y 2
(e) oe final answer 2 M1 forx=3y—-2ory+2=3xor ;:x—g
® 6x2 —x+3 3 M1 for 5 + (2x + 1)(3x — 2) or better isw
Toxtl final answer B1 for common denominator 2x + 1 isw
® 9 1
(a) 1 1
1 1
(b) Fully correct graph 4 B3FT for 6 or 7 points plotted
or B2FT for 4 or 5 points plotted
or B1FT for 2 or 3 points plotted
© @ -1 <ans <-0.8 1
1.25 <ans <145 1
25<ans<2.6 1
ii <ans <
(@) ~0.7<ans <-0.5 2 M1 for evidence of y = —x or x? —x’+l==x
d @ y=1to1.1 oe 1FT | FT only if a clear maximum point
y=-0.410-0.33 oe 1FT | FT only if a clear minimum point
(ii) —0.4t0-0.33 oe 1FT | Correct or FT their graph
d @ x+y=9 oe 1
=2 oe 1 If zero scored, SC1 forx+y>9
and y>2
(i) Fully correct diagram with
unwanted region shaded 4 B1 for 2x + 3y =24 ruled
B1 for x +y =9 ruled
B1 for y =2 ruled
(iii) 20 1
[x=17 1
v=]2 1 If zero scored, SC1 for 2x + 3y evaluated from

integers
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7 (a) 54.50 final answer 2 B1 for 54.495 to 54.496 or 54.5
or M1 for 200 + 3.67
. 1000
(b) @) final answer 3 M1 for 1000 (x + 1) — 1000x
x(x+1) M1 for denominator x(x + 1)
(ii) 1000 _1000 _ 4.5[0] oe M1 Allow their (b)(i) for first M1 only for a single
x o x+l fraction
1000
bk C 1 ltiplying by algebrai
orrectly multiplyin; algebraic
1000 =4.5x (x + 1) Midep denomin);tor PYymeby a8
4.5% +4.5c— 1000 =0
9x" + 9x 2000 = 0 Al Equation reached without any errors or
omissions and at least one step after clearing
the denominators of the fractions still with
brackets included
~9+,/9% — 4(9)(~2000
(i) 2(9() X ) 2 B1 for /9% —4(9)(-2000)
If in form p+\/q_ or P—\/E then
F F
Bl forp=-9and r=2(9)
-1542 Bl SC1 for answers
14.42 B1 —1540r-1542t0-15.41
and 14.4 or 14.41 to 14.42
or for— 14.42 and 15.42
or — 15.42 and 14.42 seen but not final answer
Answers without working only score B1, B1
or SC1
(iv) 69.34 to 69.37 final answer 2FT FT 1000 + their positive x with final answer
must be 2 dp rounded up or down to 2 dp
or M1 for 1000 + their positive x
9 (a @ 1.5 oe 1
(i) oe final answer 3 M1 for correct removal of fraction
y-2 M1 for collection of terms in x and factorises
OR
M1 subtracts 2 from both sides
M1 multiplies by x to remove fraction
and
M1 for correct division by expression of the
form ay + b, aand b # 0
(b) @) -3 1
(ii) 65536 final answer 2 B1 for h(16) oe e.g. h(2*)
(i) -6 2 M1 for 2 —x = 2%0e
@iv) 3 1
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©
@

®

(i)

—4.5and 10.5

Correct curve

5

Line y =15-3x ruled

and
—0.4to —0.31
0.35 to 0.45
221023

[a=] 6
[b=] 14
[c=] 0

B1 for each value

B4 for correct curve with branches joined

OR

B3 FT for 9 or 10 points

or B2 FT for 7 or 8§ points

or B1 FT for 5 or 6 points

and

B1 independent for one branch on each side of the
y-axis and not touching or crossing the y-axis

B3 for correct line and 2 correct values

or B2 for correct line

or M1 for ruled line with gradient —3 or through
(0,15)

or SC2 for no/wrong line and three correct values
or SC1 for no/wrong line and two correct values or
for correct freehand line

B2 for 6x° — 14x* + 2 =0 oe

or

M1 for correct removal of denominator or
collection of terms on one side

(a)
()
©

@

225 oe
x>=35

x—-7x+3)

1227 + xy— 6)°

final answer

final answer

final answer

M1 for 8x+4x=22+5 or better
M1 for 6x—2x > 14 or better
M1 for x(x+3)-7(x+3)orx(x—7)+3(x-7)

or for (x + a)(x + b) where ab=-21 or a+b=-4

M2 for 12x*+ 9xy — 8xy — 6
or
M1 for any two of the four terms correct
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5 and —2 oe
2

M2 for 12x22x—-1D)+(x+3)2x-1) = 12 x
3(x+3)oe

or

M1 for a common denominator with 2 or more of
the terms

and

B2 for 2x* + 17x— 135 [=0] oe

or

B1 for 48x—24 or 2x*—x+6x—3 or
36x + 108

or 2xX°—x+54x-27

or 132-12x

or 37x+111-2x"—6x

and

M2 for (2x+ 27)(x — 5) or their correct factors or
formula

or

M1 for 2x (x —5) +27(x—5) or

x (2x +27) - 5(2x + 27)

or (2x + a)(x + b) where ab=-135 or
a+2b=17

260



