The diagram shows a tree of height 18 metres and a mast on level ground.

Not drawn
accurately

Mast

Level ground

30m

65m

The mast is about to fall over, pivoting about its base.

Could it hit the tree?
Show clearly how you decide.

(4 marks)



10

A, B and C are points on a circle, centre (.

Angle BAC = angle OBC = x.

A Not drawn
accurately

(4 marks)

B
c
Prove that angle BOC = 90°
. 3x2 —x-14 | x+2
Simplify fully -
ox% -4 3x% 4+ 2x
ANSWET .ottt et

(5 marks)



12 Make x the subject of = = 4 _ =
X

AMISWET L.ouit ittt ettt ettt sttt ettt (5 marks)

15 (a) Use the equilateral triangle PQR to show that cos 60° = %
P
Mot drawn
accurately
2Zcm 2cm
R Q
2cm

(2 marks)



15 (b) Intriangle ABC, angle BAC = 60°

Mat drawn
accuratedy

24 25 +1

x+3

Use the cosine rule to show that x =4 + 27

{6 marks)



3 {lan‘c)=E=£ M oe e B _m
Y30 65 93 18
m=18 xg5 M1
30
39 A1
(65 — 30 =) 35 and their 39 and Yes B1ft
8 Angle BOC = 2x M1
Angle at centre = 2 x angle at
circumference
Angle BCO=x M1 Isosceles triangle
Isosceles triangle
x+x+2x=180 M1
Angle sum of triangle = 180
2x =90 Al
10 (3x-7)(x+2) B2 B1 For numerator
(3x—2)(3x+2) B1 For denominator
(Bx2+2x=) x(3x+2) B1
(their fraction) x H3x+2) M
x+2
A1

_\'(Sx - 7) or 3x2 — 7x
3x -2 3x-2




12 Multiplies throughout by x or y or 3 M1
or xy or 3x or 3y or 3xy
36x = 12y - xy A1
Collects terms in x on one side from M1
their equation
eg, 36x +xy =12y
Factorises to x(........ ) M1
eg, x(36 +y)=12y
12y A1 oe
¥ =
36+ y
15(a) Shows 60° angle and a right-angled B2 B1 Any 2 of the 3 criteria shown
triangle (with right angle marked) and
side 1(cm)marked
Alt15(a) | 22=22+22-2 x 2 x 2 cos60 M1 oe
4 =8 cos60 A1
15(b) | (2x+1)%=(2x+4)?+(x +3)% - M1
2(2x + 4)(x + 3)%
4x?+2x+2x+1=4x>+8x + 8x + M1 Any of the 4 term expansions or all four
16 +x2 + 3x + 3x + 9 — (2x2 + 4x + 6x with < 3 errors
+12)
4x%+2x+2x +1=4x2+ 8+ 8x + A1 All correct
16 +x2+3x +3x+ 9 — (2x% + 4x + 6x
+12)
12 -8x=12 or x2-8x-12=0 A1 oe Must be simplified to 3 terms
(o eI 812 ipeir 12+ (1eir 82 M1 oe Substitutes x =4 + 247 in their
2 2 equation
o — B2 JE8)2 4 x1x-12
2 %1
x=4+ 28 A1 Shows substitution satisfies the correct

Must reject the other solution

equation.




11({a) Here s a right-angled triangle.

Mot drawn
accurataly

1em

- 45

Tem

Show clearly that  sin 45° = 31.5

(1 mark)

11(b) Here iz a ranghe.

Mol drawn
accurately

Work out the value of {.

BRIEWET e e e s degress (5 marks)




13

16

Waork aut the value of x if =

BREWET T = ooooieceeeieeecees e e cmees e em smn s e eeenarrtsanesnnnn (4 marks)

n is a positive integer.
Prove that (n+2)%+ (n+1)> -1 is always a multiple of 4.

(6 marks)



11(@) | V(12 +13) =12 B1
11(b) sin@ _ sind5. M1 J6 J3
= T = or ————— = ——
V3 J6 sind5c  sinB
M1
sin = E x L
N
: V3 V3 =12 f M1
sinb=— or or .|—
J12 12
sinB=— Al
0 =30° A1

13 jr—__,!,_“ s M1
&
(8x) = 4v15 M1
Bx=16 = 15 M1
x=)30 A1
Alt1 T
o« 2427 45 M1
13 3
Wl2 = 2415 M1 y=15x4
’ 2
W2x) = B0 M1
(x=)30 Al
Alt 2 b 453 M1
13 -
doe M5 M1
33
_18%15 M1
x =
(x=1)30 A1
Alt 3 W(Bx) = 44/5+3 M1
b (Bx) = (240) M1
a0 M1
T
=130 A1
Alt4 M1
B_T a5
13 4
M1
B — Jan
>
y= 3x80 M1
B
=130 A1




16

n® +dn+ 4 M1

ne+2n+1 M1

20" + @+ 4 A1

2n®+3n+2) A1

2(n+1)in+2) M1 Explaining that
20 +6n+4 or 2(n+3n+2)
is divisible by 2 scores this mark

[m+ 1) and (n + 2) are consecutive Al

numbers so onae of them is even.

So two factors of 2 ... hence divisible
by 4




4

() is the centre of this circle.

Work out the value of x.

LET .

x* =6 and y'3=64

Waork out the value of =
y

Mot drawn
accurately

S degrees (3 marks)

........................................................................ (4 marks)



9 A and B are regular polygons.
An exterior anghe of A is x. Mat drawn
accurately

l 1
[} [
!
i

e N

Here is some information about therm.

A:B
Ratlo of exterior angles 1:3
Ratio of interior angles T:6

9 (a) Write down an exprassion in x for an exterior angle of polygon B.

9 (b) Prove that polygon A has 30 sides.

{5 marks)



15 2 _dx+S=afr+ b)Y 4

Work out the values of o, band c.

= s eees st amnnn B = g i (4 marks)
4 {7 is the centre of this circle.
Mot drawn
b accurately

/57
L

Work out the value of x.

o225

........................ lHIHiIH|S—|¢rlr‘-rll-|+|-~|<|-lcirll--rH‘-~H-l|-l||-||-rlirllllr|1~|+|-~1rn--



¥ =6 and y =64

Work out the value of -
¥

...........................................................................................................

T
DT T e S
= 3b e I -

.......................................

..............................................................................................................

ANSWET vvvvererenmresnns . "L&-L[ .......................................... (4 marks)

9a)
3

9b)

180 —3z 6
80—z T

1080 — 62 = 1260 — 21z

15z = 180



2 A B= v b 2
15 " —dx+5=alx bt Compl el (= Squ e

Waork out the values of @, b and ¢,

...................................................................................................
:
-3 2{x-N"¢ A

...................................................................
..............................................................................................................
..............

..............................................................................................................



7

The diagram shows a cyclic quadrilateral ABCD.

ADE is a straight line.
CE is a tangent to the circle.

Mot drawn
accurately

Write this ratio in its simplest form

V12 : Va8 : V300



10 The #'" term of the linear sequence 2 7 12 17 is5n—-3

A new sequence is formed by squaring each term of the linear sequence and
adding 1.

Prove algebraically that all the terms in the new sequence are multiples of 5.

{4 marks)
1" OABC is a kite.
¥
t 8 Mot drawn
accurately
C (0,4
0 A(12,0) “x
1 (a) Work out the eqguation of AC.
BUTTEWVEIT .« e oo e e eeeee s ee e e s eme et e memeee s e emes e reemnenn (2 marks)

11 (b) Work oul the coordinales of B.



The diagram shows a cyclic quadrilateral ABCD.

ADE is a straight line.
CE is a tangent to the circle.

Mot drawn
accurately
Work out the size of angle x.
CADCE (180 (3N s AT Copesshe. angied. 1. Cac iz, el
............................................................................ 802 d 90 N
it DL 2 IR0.5 AT S B s s
B A0 T b.f)......(..ﬂ:.!l‘i.¢f}.-f?5;...&q.gmmt...lrh.c.«m.} ............................ —
vt 5 VB0 T B EL T M e
A= s 5—19 .................................. degrees (3 marks)

Write this rafio in its simplesl form

VAZ . VA8 ;. 300
ﬁl—ﬁﬁr’: ........ - TV L S




10 The i term of the linear sequence 2 7 12 AT . is 5n—3

A new sequence is formed by squaring each term of the linear sequence and
adding 1.

Prove algebraically that all the terms in the new sequence are multiples of 5.

......................................................................

............... Gl bt 2

.................................................................................

................................... B A R R R e R R R R R R R BN L RN A AR AT R Ry

(4 marks)

11 OABC is a kite.

4 g Mat drawn
acourately

0, 43

a

1 A {12, 0) X
11 (a)  Work oul the equation of AC.
andint s = e s

pnswer..... A2 o Ve o+ 4. (2 marks)

11 (h]  Work cul the coordinates of B.
onlIB a Deepen e e B e
atakereat s (@000 3 Epestin 2 80 E L A
A et et B A s
A ez s W w4
T T SO C I

BN = T T )
B o L N

D2 e B 35 2 B T
ST MUY G T/, T S A————

Ll

Answer (oo i Lk ) (6 marks)




4 P=4x and Q=Tx
P increases by 25%
Q decreases by 40%
MNow, P is 28 greater than Q.

Work out the value of x.
[4 marks]
Answer
1 3 .
10 Rearrange — =4 - = to make x the subject.
xy ¥

[3 marks]



12 In the diagram,

A s the point (15, 0) and B lies on the y-axis.

Angle ABC = 20" and tan # = ;

yr

Mat drawn
accurately

i

Work out the egquation of the line BC.

[4 marks]

Answer

2
1 3
14 Work out the value of [32 + SzJ

You must show your working.

[3 marks]
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D, E, F and S are points on a circle.
RSTis a tangent.

The straight line EDT is parallel to FS.
DS=D0T

Mot drawn
accurately

Prove that FD is parallel to RST.

Use angle DTS as x to help you.
[5 marks]



Alternative method 1

1.25 x 4x or 5x M1 oe
0.6 x7x or 4.2x M1 oe
their 5x = their 4.2x = 28 oe eg their 5x = their 4.2x + 28
or 0.8x=28 M1dep dep upon at least one of previous M marks
earned
x=35 Al
Alternative method 2
two numbers in the ratio 4 : 7 M1
correct increase by 25% and decrease If difference is not 28, then first numbers
4 by 40% calculations and comparison M1dep must be clearly rejected
with 28
second trial with correct calculations M1de correct first trial means 2nd and 3rd M
and comparison P | marks scored automatically
x=35 Al
Here are some of the possible alternatives
1_ (3] .
-= _|.'| 4- —i multiplying through by v
x L)
A correct first step using algebra
i
1=xyd-= | multiplying through by xyv
h 4
M1 1=4dxy = 3y multiplying through by xy
v =49’ - 3r  multiplying through by 1’
1 =4¢v-3 making the RHS an
xy ¥ algebraic fraction
1+3x=4 rearranging and making the
Xy LHS an algebraic fraction
Following two of the above alternatives ...
y =dx? = 3oy
Further correct algebra which leads to y=x(4y*-3y) M1idep gained
10 " :
an equation that is one step from the
final answer.
Midep | 4 4y 3v=4
x¥
1+ 3x =dxy
1=dxy - 3x
1 =x(dy-3) Midep gained
b= — b= — L
Tody-3 To3-4y
‘= ) =y
T4yt - Iy —4y?
A correct final answer in any form _ 1 _ -1
A X - 3 D x= 3 "
1|4——J _\|——4J
¥ )
1
x= —_y
]
\ ¥y




5x15
= M1
3

or

25 seen as the length of OB or the
coordinates of B

gradient AB =0 — their 25 or - 5 M1 oe
15-0 3
gradient BC = -1 + (their - g) or % M1 oe
y=3x+25 A oe eg y=15x+25 or Sy=3x+ 125
5 25

Additional Guidance

We must see y = ... for A1 (or any other correct equation)

12 Look for this in their working if it isn't written on the answer line.
A sign error in their gradient AB, after a correct expression, can be recovered.
eg gradientAB=0- 25 = 25 =5
15-0 15 3
gradient BC=3 (positive gradient because they can see it from the diagram)
5
equation BCis y=3x+25 __this scores 4 marks
5
similarly, recovery can be from ..
gradient AB = 25 = 5 .. without seeing 0 - 25
15 3 15-0
... and can still lead to 4 marks
Alternative method 1
111 3 13 3 3 o8
32 %32 432 %32 +32 %32 +32 %32
M1
or allow an eror in one term
WINI # BNET + VAT + 2ZTN2T
3o 9 or 27 Midep
48 Al
Alternative method 2
%3 and N3 M 3%3 must come from correct working
(4437 Midep
48 Al
14
Alternative method 3
oe
M1
3 x 47 Midep | oe
48 Al




18

' base angles of isosceles triangle DST

Angle D5T = x M1 but we do not require a reason for this mark
Angle DFS=x angle in altemate
segment either of these angles with a correct
or M1 reason scores this mark
Angle RSF=x corresponding no reason or an incorrect reason is MO
Here is a complete example ...
Further evaluation of angles, with
correct reasons, to arrive at a stage angle DST=x
where ...
angle DSR = 180 - x angles on a
either it is possible to use the Mide straight line
converse of a theorem a
angle RSF = x corresponding
or ... which leads fo the fact that
DTSFis a paralielogram angle FDS = x FDS = RSF, angle in
alternate segment
A statement of the angles, or the angle DSR + angle FOS
values of the angles, that will complete Mid =180 -x +x
the proof ... the angles must be clearly =P = 180
identified B
A statement of the comrect reason to FD is parallel to R5T because these angles
accompany these angles, thus Al add to 180 ... using the (converse) of the

completing the proof

co-interior angles thearem




5 Solve 3 (2\:’?—10] =2

[3 marks]
x=
8 ABC is a straight line.
A is the point (—4, 5)
C is the point (20, -7)
AB:BC=5:3
A(-4,5) Not drawn
accurately
B
C (20, -7)
Work out the coordinates of B.
[4 marks]
11 A cone has base radius r cm, perpendicular height # cm and slant height / cm
The curved surface area is 607 cm?
[=3r
Work out the value of /1.
Give your answer in the form a+/10 where a is an integer greater than 1
You must show your working.
[5 marks]

Volume of cone = %mzh

Curved surface area of cone = -/ i I




13 Provethat  (3x+5)°—5x(x+10)>0 forall values of x.
[4 marks]

18 ADEF is a trapezium.
ABCD is a straight line.

BCEF is a square of side+/6 cm

F E

MNot drawn
accurately

V6 cm

60" { a0°

18 (a) Showthat AB=+2cm
[1 mark]




18 (b) Show that DE=2+6cm

[1 mark]
18 (c)  Work out the perimeter of the trapezium ADEF.
Give your answer in the form  1+/2 +w+/6  where 1 and w are integers.
You must show your working.
[3 marks]

Answer cm




Solve f(x+1)—f(2x)=05

You must show your working.

[6 marks]

orfx =9 ordx =18 or x=9°

24x =10 =2° or 2Jx-10=8 M1
mer__=18

2 +10 8+10
Vi = > or Vx = 5 Mi1dep

x=81

Al + 81 scores A0

Additional Guidance

Alternative method 1

+(20- -4)or= (5--7)

allow on diagram

or M1
+24 or £12 seen
.5 3 . oe
using < or 3 % t their 24 or £15 or £9
or M1dep
% or % x & their 12 or +7.5 or +4.5
(11, —2.5) A2 A1 for each

Alternative method 2

(x=) (3(-4) + 5(20) )
8

or

(v=) (3(5) +5(-7))
8

oe (condone 1 numerical error)

M1

(x =) (3(=4) + 5(20))
8

and

(v =) (3(5) +5(-7))
8

oe

M1

(A1, -2.5)

A2 A1 for each




11

Alternative method 1

nxrx3r=060n M1 oe
P#=20 or r=+20 or r=2./5 Al oe
(1=) 320 or (I=) 645 A |
or (1=)180 or [*=180
(h* =) (3420)* - (420)° oe using their / and r (this is independent
1 _ T _ =2 so [ and r can be anything)
or (hﬁ ) {&E}‘ {Z‘E}\ M1 condone missing brackets
or (h* =) (J180)* - (420)°
or (h* =) 160
(h=)410 A1
Alternative method 2
/ oe
T % ix!= 60mn M1
=180 or [=4/180 A1 oe
or [ =320 or =645
=20 or (r=)420 or(r=)2J5 A1 |oe
(h* =) (3420)* - (+20)° oe using their / and r (this is independent
1 _ T _ Za2 so [ and r can be anything)
or (h__ ) {ﬁﬁ}‘ {2"5}\ M1 condone missing brackets
or (h* =) (J180)* - (420)*
or (k' =) 160
(h=)410 A1




Alternative method 1

Oy +15x + 150 +25 = 5x° = 50x allow only one error in sign, omission or
coefficient but not in more than one of these
or
. . could be written as 2 separate expansions

Ox” +30x+25 -5 = 50x M1 orina grid
or
9x® +15x +15x +25
and Sx’ =50x or Sx*+50x
4x* =20x+ 25 Al
4yt =20v + 25 factorises or completes the square or uses
and the quadratic formula correctly. Answer

(2x j_:|" or (2_1._5“2_1._51 required for M1 dep

. Midep

or 4(x-25f

or x=25 or b’ =4ac = 0from

guadratic formula

s 3 v—25) oe there must be a stated conclusion

(2x-5) or 4{\ ) (are squared Al eQ equal roots and positive quadratic so

terms) and so are always = 0

must be greater than or equal fo zero

Nel

Alternative method 2

&<

SE

13 x® £ 15x +15x +25 — 5¢° — S allow only ane emor in sign, omission or
coefficient but not in more than one of these
or
§ , could be written as 2 separate expansions
Ox” +30x+ 25 =5x" = 50x M1 orin a grid
or
9x” 4+ 15x + 15x +25
and —5x°=50x or  5x +30x
4y’ —20x+25 Al
4yt =200+ 25 uses calculus to find stationary poinf
2 lculus to find stationary point
d
and d._ = 8r — 20 and is zerc when Midep
x
x=25
Tests for minimum by using eg x =2 oe there must be a stated conclusion
and x = 3 or by using 2nd derivative
or concludes argument by saying this Al
Is a positive quadratic curve with
minimum point (2.5, 0), hence always
Alternative method 1
J6 B oe must see tanB0 oe and some evidence of
(AB =) 60 = \Tj =z B1 manipulation with 3 oe as well as the final
answer to award B1
Alternative method 2
18a Use of 1: 2 +f3 triangle and showing oe must see the triangle drawn and labelled
that our triangle is an enlargement B1 or the ratio clearly seen and the scale factor
d 0 clearly stated
scale factor JZ-
Additional Guidance
Alternative method 1
“(a _u(a oe must see sin30 oe and some evidence of
(DE=) ——— = - = 2\15 B1 manipulation with 0.5 oe as well as the final
sind0 0.3 answer to award B1
Alternative method 2
Use of 1: 2 : 4f3 triangle and showing oe must see the triangle drawn and labelled
180 eur triangle is an enlargement B1 or the ratio clearly seen and the scale factor

scale factor JE-

clearly stated

Additional Guidance




iB \E oe
AF = = —=2
cosfill 0. Ji
or AF = BF = Jg - 215 allow 245 or Jg for this mark seen on the
sin &0 3 B1 diagram or clearly shown in working
-l
or AF? = (+f2)* + ()",
an AF = J:E or ?qg
CD = 6 «tan 60 = fF =43 o
=18 or 3.2
or CD = DE cos 307
3 .
18c :2.‘-'§x£:\fs_x.,ﬁ 81 allow f& =3 ur_.J‘IB or 342 for this
2 mark seen on the diagram or clearly shown
= Ji§ or 3.2 in working
or
cD* =(246)" - (6)" =18
so CD = J‘E or SqE
SJZ- - 44@ Bldep | dependent on B1, B1 already awarded
Additional Guidance
Condone brackets missed off if recovered
AF and CD could be seen in part {(a) or part (b) so could be awarded B1 in part
(c) i used correctly
x-2 x+1-3 or 2x-3 oe .
v+ ? et 1) Ir M substituting comrectly in at least one
expression
4_1:(_\- —-2) and (2x+2)2x _3] oe (could be from using a different
' denominator)
—-2)- Ty —
ar 4"‘('1' 2} (2 + EI—X 3) correct numerators or an expression for
i both, which need not be simplified
or dx? —8x—dx’ +2x+6 Mid
P | do not award any follow through marks from
aor 6-6x an error in first M mark
or 2x(x-2) and (x+1)(2x-3) this one comes from a denominator of
dx(x+1)
4_1:(_\- -2)- [2_\: +3]’_2_-¢ _3] oe but needs to be the correct egquation
= Wy +
0.5x4xx Ze+ 1) setting up the quadratic by multiplying the:
RHS by the product of the denominators
Midep
could be scored by both sides of the
equation still having the same denominator
19
dep on both previous M marks
4z +}U.'c—f: =0 Al
aor 2y +5x-3=0
(4x—2)x+3)=0 correct factors or correct use of quadratic
formula
or (2x—1)2x+6)=0 Midep | oo
or (2x—1)x+3)=0
0.5 and -3 Al both answers needed




