All questions are taken from AQA Level 2 Further Maths papers that are free to find online and are
guestions that could be found on a non-calculator GCSE Maths exam.

This resource is designed for students revising GCSE maths and not Level 2 Further Maths. The paper
numbers are given for refrence only.

Practice Paper Set 1 Paper 2

4 The diagram shows an isosceles triangle ABC, with AB = AC.
Ya
Not drawn
C (5.6) accurately
B (7, 4)
A (2,1)
0 x

Work out the area of the triangle.

ANSWET oot eeeses s s siesenesese s eeneenens. UNIESZ (5 marks)



7 The diagram shows a vertical mast, AB, 12 metres high.
Points B, C and D are on a horizontal plane.
Point C is due West of B.
The angle of elevation of A from C is 35°.
Point D is due South of B.
The angle of elevation of A from D is 23°.

A

Mot drawn

accurately

12m
c 35 (s
23
D
7 (a) Calculate the distance CD.

BISWET oot ee et evven e s senassae e s aneenas metres (6 marks)

7 (b) Calculate the bearing of D from C.
Give your answer to the nearest degree.



1

11 (a)

11 (b)

11 (c)

11 (d)

You are given that x=5" and y=5"

Write 5™ 2 interms of x.

Give your answer in its simplest form.

M+H
Write 5 2 interms of x and y.




Midpoint of BC attempted M1 (6, 5)
(125446,
2 2
AM? attempted M1 32 or AM= 32
(their 6 — 2)° + (their 5 — 1)®
% x their 4/8 x their 432 M1
8 A1ft | ft From BO M3
Alt4 | Surrounding 5 * 5 square drawn M1
Anyoneof%XSXSor %x2x20r M1
l x5x3
2
Allthreeor%xBxS. %xzxz, A1
l x5x3
2
25 — their 7.5 — their 2 — their 7.5 M1
8 A1
M1
7@ | jan3s= 12 o tan23= 12 tan55= 2¢ or tane7= B2
BC BD 12 12
M1 BC=) 12 tan 55 or (BD=) 12 tan 67
(BC=) —2_ or (BD=) —2 (B8C=) (80=)
tan35 tan 23
(BC =) 17.13(7...) or 17.14 M1
(BD =) 28.27(02...) A1
Jtheir 17.142  their 28.272 M1
33.05(..) or 33.1 A1ft | ft their BC and their BD
70) | ., their 283 M1
their 17.1
58.7° to 58.9° A1
149° Alft | ft their 58.7° if M1 earned




M@ | 5"x5° M1

25x Al
1) | =« B1 | oe
b
M) |y oryxyxy B1
11(d 101 B2 ;
@ 1 3.3 oe eg, o

1 1
B1 x2 or y2 or Jx or ylrl._ or
™

52 x52




Practice Paper Set 2 Paper 2

11 The nth term of sequence Xis an+ b

The nth term of sequence Yis bin+a

11(a) Show that the sequences have the same first term.

11 (b) The 2Znd term of sequence X is equal to the 3rd term of sequence Y.

Showthat a=2h

11(c) Prove that
nth term of sequence X _ 2Zn +1
nth term of sequence Y n+2

(2 marks)

{3 marks)



13 Cylinder A has radius xcm and height xcm.
Cylinder 8 has radius ycm and height 2ycm.

Mot drawn
accurately
A x B 2y
You are given that
total surface area of cylinder A = total surface area of cylinder B
13(a) Showthat x*= %yz
(4 marks)

13(b)  Which cylinder has the greater height?
You must show your working.

Answer Cylinder ..o |2 MEFKS)



17

17 (a)

17 (b)

The population of Japan, J, is 1.30 = 10°
The population of Brazil, 8, is 1.95 = 10°

You are giventhat J:B =x:x+5

Work out the value of x.

ANSWET X ™ i ceaicmissimmis s et e it s immts s st e (3 marks)

The population of Pakistan is P.
You are giventhat J: P = x:x+4

Work out the population of Pakistan.
Give your answer in standard form.

AIISWET it e o s st e e e st s st e (2 marks)



11(a) ax1+b=a+b and B1
bx1+a=b+a
11(b) 2a+b or 3bt+a M1
2a + b= 3b + a (leading to a = 2b) A1
11(c) 2bn + b M1 Allow for correct numerator or
bn +2b denominator correct
b(2n+1) or b(n+2) M1 Factorises either their numerator or
their denominator
A1
M and shows simplification
b(n+ 2)
13(a) | mw?+ m?+2m? (= 4m?) M1 oe
mx? + mx? + 4nx? (= 6mx?) M1 oe
Their 47x? = their 6my? M1 Allow if equating curved surface areas
Shows working leading to xZ= %yz Al
13(b) 3 M1 oe
xX= =y
2
B and x=12..y A1 oe
which is less than 2y
17() x  _ 13(0)x10® MI | o eg X5 -3
x+5  195x108 x 2
1.95x = 1.3(0)(x + 5) M1 oe eg, 2(x+5)=3x
10 A1
17(b) their_1l]+4 % 1.3(0) x 108 M1 thei_r10+4 % 195 x 10°
their 10 their10+5
(= 182000000) (= 182000000)
1.82 x 108 Alft ft Their 10 if answer in standard form




Practice Paper Set 3 Paper 2

2 h is 60% of m.

2 (a) Write an equation connecting A and m.

2 (b) Also, ris 75% of m.

Work out /i as a percentage of r.

.......................................... (1 mark)

rerreeeenneees Y0 (2 marks)



7 (a)

7 (b}

Triangle ABC is isosceles with AC = BC
Triangle CDE is isosceles with CD = CE
ACD and DEF are straight lines.

Mot drawn
accurately

Prove that angle DCE = 2x

(2 marks)

Prove that DF is perpendicular to AB.

(3 marks)




11 The disgram shows part of a skate ramp, modelled as a triangular prism.

ABCD represents horizontal ground.
Thie vertical rise of the ramp, CF, is T fest.
The distance BC = 24 feet

E

wertical risa

You are given that  gradient = ———
horizontal distance

11(a)  The gradient of BF is twice the gradient of AF.

Wirite: down the distance AC.

11{b) Greg skates down the ramp along FB.

Howy rmiuch further would he travel if he had skated akong FA?

Mot drawn
accurately



12 fir)=x*+px+g for all values of x.

pand g are integers.

f{0) is an odd number.
f{1) is an odd number.

Show that p is an odd number.

C=3.t+? and D=4.r—11

18 x+1 2+ 3

Work out the value of xwhen C+ D=5

o ;’3 -m-ar.;tsJ

cninnnnn (5 Marks)




21

O thie disgram
« Aand C ameon the y-axis
e Cis{lT)
«  the equsation of the line throuwgh A and B is y=2x +1
« BT is perpendicular to AB.

.‘I
& Mot draswn
accuratahy
c
&
A
/ ’ )

Work ocut the ares of triangle ABC.



x*+ax? + bx + 150 factorisesto (v +c)f(x +d)

a, b, c and d are positive integers and ¢ = 1

Work out the values of a, b, c and d.

BNISWET @ = oooiiiiiiiie i ies e ssms e srsssn s b st s s ssn s sn b

vensesiennes (B MMErks)



2(3) h=0.6m B1 oe eg h= ﬂm
' 100
2(b) their 0.6m (=0.8) M1 oe
0.75m '
80 A1ft ft From their 0.6
T(a) ZCBA=x M1 oe
and
base angles of isosceles triangle
(are equal)
ZDCE = 2x Al ZACB=180 - 2x
and and
exterior angle = sum of interior angle sum of triangle = 180
opposite angles
and
LDCE=2x
and
(adjacent) angles on a straight line add up
to 180
SCA “Correct’ solution without reasons
7(b) SCDE=(180-2x) + 2 M1 LCED=(180-2x) + 2
and and
base angles of isosceles triangle base angles of isosceles triangle
(are equal) (are equal)
90 -x Al
ZAFD =180 —x —(90 - x) Al ZFEB=90—-x
and and
angle sum of triangle = 180 vertically opposite angles
and
ZEFB=180—-x—(90 —x)
and
angle sum of triangle = 180
SC2 "Correct’ solution without reasons
11(a) 48 B1
11(b) | 7%+ 24 (=625) or M1
7% + their 487 (= 2353)
77 + 047 aor M1 JB25 (=25) or
|77 + their 48° +/2353 (=[48.5, 48.51])
77 + their 487 — [77 + 247 M1 [48.5, 48.51] - 25
[23.5, 23.51] Alft ft Their 48 and M3
12 gisodd (because f{0)=g) B1
f(1)=1+p+g M1
1+g iseven and even + odd = odd Al oe eg, odd + odd + odd = odd




18

(Bx+ TH2x + 3) + (x + TH{dx - 11) [

M1

=5)
(x +T2x + 3) )
Bv? + 14x + Ox + 21 M1 oe
or 4 terms with any 3 correct
4%+ dx - 11x - 11
or
(5)(2x® + 2x + 3r + 3)
6x? + 14x + 9x + 21 A oe
or All 4 terms correct
4x® 4+ dx — 11x— 11
or
(5)(2x? + 2v + 3xr + 3)
Their 6x% + 1dx + 9x + 21 M1
+ their 4x% + dx — 11x — 11
= 5 their (2x” + 2x + 3x + 3)
5 Al
g
21 A(0,1) or AC=6 B1
) ) 1 B1 : =1
Gradient BC is “3 oe eq, equation BC y= _Er +7
ther 1o M1 2x+1-7 o
2x+1=their—-—x+7 =" = LS
2 oe eg " their 3
2%__{:6 (x=2.4) M1 oe eg, Sx =12
ft From their —%.‘c + 7 or their —%
% x their 6 x their 2.4 M1
72 A1ft | ft From B1 BOM3 or BO B1 M3
Alt 21 Gradient BC is —% B1 ce eg Equation BC _\'=—%:r +7
20417 _ e 1 M1 oe eg 2r+1=their—%x—.'r'
x 2
Br=12 (x=24) oe o1, =
eq 2_1 6
M1
ft From their—% or their —%x+?
y=58 Al
% x,[(their 5.8 - 7)* + their 2.4
M1
= f{their 5.8 —1)7 + their 2.4°
72 ft From BO M2 A1 M1 or
Alft

B1 M2 AD M1




25 Any 2 factors of 150 except 1 and 150 M1 2,75 or 3,50 or 5 30 or 6,25 or

10, 15

c=5and d=6 Al

1% (+) Bx (+) 5x (+) 25 M1 ft Theirc
4 terms with at least 3 correct

(o + 105+ 25)(x + 6) =x* (+) 1067 M1 | ft their c and their d

(+) 25x (+) Bx” (+) B0x (+) 130 Allow one error or one omission

x + 10x0% + 26x + 6x° + 60x + 150 A1ft | Fully correct for their ¢ and their d

a=16 and b=85 A1t ft Their expansion

AIt25 | x?+die? + 2ex? + Zede + cfc+ 2 M1 Allow up to two errors or omissions

Their ¢’d = 150 M1

c=5andd=86 Al

Theird + 2c=a or their 2cd +c*=5b| M1

a=16 Alft ft Their d + 2c and their ¢ and their d

bh=85 A1ft | ft Their 2¢d + ¢ and their ¢ and their d




June 2012 Paper 2

4 (a)

4 (b)

4 (c)

4 (d)

4 (e)

A sketch of y = ax? + bx + ¢ is shown.
The minimum point is (2, —3).

Va
y=ax? +hx+c

(2, -3)

For the sketch shown, circle the correct answer in each of the following.
The value of a is

Zero positive negative {1 mark)

The value of ¢ is

Zero positive negative {1 mark)

The solutions of ax? + hx + ¢ =0 are

both zero both positive both negative one positive and
one negative
{1 mark)
The number of solutions of ax2 + hx +¢ = —6 is
0 1 2 3 {1 mark)

The equation of the tangent to v — ax? + hx + ¢ at (2, —3) is

x=2 y=2 x=-3 y=-3 {1 mark)



5 ABC is a triangle.
P is a point on AB such that AP = PC = BC

Angle BAC = x
A
Not drawn accurately
P
B - c
5 (a) Prove that angle ABC = 2x
.......................................................................................................................... (3ma.rk5j
5 (b) You are also given that AB = AC
Work out the value of x.
o ittt ettt e eht e bbbt s e aeean degrees (3 marks)
7 1<sm<5 and —S=n=2
7 (a) Work out an inequality for m +n.
ANSWET ..o EMANE s (2 marks)

7 (b) Work out an inequality for (m + n}z.




11

17

A sphere has radius x centimetres.
A hemisphere has radius v centimetres.
The shapes have equal volumes.

Work out the value of E.

i
Give your answer in the form a where a is an integer.

ABCD i= a square of side length 4x.

E is the midpoint of BC.
DF:FC=1:3

Mot drawn
accurately

You are given that
area of triangle AEF = kx?

Work out the value of & .



21 The equations of three straight lines are
v=2v x+3v=0 2p=1x-7

The lines intersect at the points (), A and B as shown on this sketch.

Y
y=2u
B
o] :-.r
A
Zy=11x-7 r+3r=0

Show that  length (JB = length A8

(6 marks)



4 (a)

4 (b}

4 [c)

4 (d)

4 ()

A skelch of p = ax® + by + ¢ is shown,
The minimum point is (2, —3)

Y
" y=axZ b +e

o
-

——

2, -3)

Far the sketch shown, circle the correct answer in each of the following,

The value of a is N I shepe,
ZEr0 pasitive negative
The value of ¢ Is y I )

Zera positive

The solutions of ax? + b + ¢ =0 are

{1 mat)

{1 mark)

both zar both positive both negative ona positive and
one nagalive
A (1 mark)

Liih xo-aw D
The number of solutions of ax? -+ by +c = -6 is

1 2 3
Drrwa 1dag y: <h!

The equation of the tangen! o y = ax? + fx + ¢ at {2, 3} is

x=2 y=2 x= 3 y=-3

{1 mark)

{1 mark)



ABC Is a triangla.
F iz a polnt on AB such that AP = PC = BC

Angle BAGC = x
A

Mol drawn accurately

No

B

5 {a) Prove that angla ABC — 2x
ARz o (rogteles AN

AP 2 (8010 (enokes in s LB e reseeessssesssss s
RPL = 190~ (180 - 20) = b 2n { Asglea. e, Alraht Line 2 0%

ARz 2 (19050l Eriense )
{3 marks)

e

ré

b
5 (b) You are also given that A8 = AC oLoa-2x & PR
Work out the valua of x. A =5

B S 1 < S ——

1‘15 e s e e e senece HEGTEES (3 marks)

7 1=m<5 and Bzng?
7 (a) Work out an inequality for m +n. Add logyeHes

ﬁnamr".cd TN T _1 (2 marks)

7(b)  Work out an inequality for (m | u)?.
O A N Y A X T

Bule  genellef velue 05 g moz ) ead 02l

= [m+nt = 2% =06

AW ... L, <m0 = b B (2 marks)



11 A sphera has redius v cenllmatras,

A hemisphere has radius p centimetres. e
The shapes have equal volumes,

Wark out the value of ‘f

1
Giva your answer in the form o where a i3 an integer, @
—_ L2 3 e -
2

”iumbmwwq‘%ﬂx’*?ﬁm-"

a7 ABCD 15 a square of side length dx.

E is the midpaint of BC.
DF:FC=1:3

Not drawn
accurately

You are givan that

area of tangle AEF = kx?

Work out the value of &,
JAree o Stet s Gt s it M s
Ao a5 Vo Drr B s X
N 3 T PR TV S
Acea (B Yo e M 5 22
ST TR S N T P LT S




21 The equations of three straight lines are
y=2x +dp=D0 2p=1x-7

The linas intersect al the points O, 4 and B as shown on this sketch,

e
¥=2%
| i &= f.I;lirfs'll
2
11
a Fx
A
re
~ (0%, o2\
=127 x+3y=0

o9t
Sen nest ¥ 4

- fold
bpr wor'™?



Show that length (8 = length AB
2
FIen A wlﬁmh”m~§)mmﬂmr§m¢

Sab a2 2 LR
I ST TR T Y (1< e - = T SO
TR SO OO0 0 SN - Y T OO

Find Bl ohes 9.z 2o neah 2y oo D0
L

LA O T £ T S T SUU= § 0= 0 F
LB E T

LTS T3 W

. om = AB {6 marks)

Taiwrs mvsar far thn mawk soumotinem



June 2018 Paper 2

2 P (-3, -10) and Q (a, b) are points on a straight line with gradient 12
Work out one possible pair of integer values for a and b.
[2 marks]
7 PQRS is a trapezium.
YA
S5 a) R (9, a) Not drawn
accurately
Ol P00 Q (10, 0) ¥

The area of the trapezium is 83 square units.

Work out the value of a.
[2 marks]




12 (a)

12 (b)

2
Write gl + —— as a single fraction in its simplest form.
X

3x?

Answer
4 2
Show that Xy xt2 X
x+4 X 3x+12

simplifies to the form ax” + bx where a and b are integers.

[3 marks]

[4 marks]



14 (a)  Faciosefuly  12pg’r— 18pg™® = 24pg°r

[2 marks]
Answer
14 (b)  Faclorise fully  B(y+3)° +4(y+ 3
Give your anewer in its simplest form.
Do not attempt to expand (v + 3) or (v + 3)*
[3 marks]
Answer
14 (c)  Factorise fully 48— 75
[2 marks]




16 A=2-5x B=3x-1 C=x?

Show that (24+3B% = A+B+C
[4 marks]




17 A circle has equation ¥ +y?=29
P is the point (-5, 2)

17 (a) Show that P is on the circle.

[1 mark]

17 (b)  The tangent to the circle at P intersects the x-axis at point Q.

Work out the x-coordinate of Q.

You must show your working.

[4 marks]




23 Faor each of these two function machines, when the input is a the output is .

k>0 and k#1 and a>0
Input Output
®+ square add 3 multiply by & +®
Input Output
®+ multiply by & square add 3 +®

Work out an expression for a in terms of .

Give your answer in its simplest form.

24 Work out the value of p when

905 x g1 = 27% "

[6 marks]

[4 marks]

Answer




Any pair of integer values for « and b
for which b =12a + 26

B2

B1 Correct equation in any form

'r’";u—'|20rb+'|o—12(a*3}

eg

y——10

X—-—

or =12ory+10=12(x + 3)

orb=12a+ ¢ and ¢ = 26
ory=12x+cand ¢ =26
ar

=3 +kand -10 + 12k where
k is a non-zero integer

Additional Guidance

Examples of B2 responses

a=—4and bh=-22

ora=-2and bh=2

ora=-1andhb=14

ora=0andbh=26 B2
ora=1and bh=38

ora=2and b =50

ora=3andbh=62

ora=4and h=74

a=-3and b=-10is point P so will not score B2 (B1 possible)

-3+ 1and-10+ 12 B1
-3+ 2and-10+24 B1

any letter
18+ 4)xa(=83) Y
2 oe eg 12a = 126
1
ﬂr§*12w{=53} M1 or1~3~u+4xa+lx1xa{=53)
2 2
or Ba (= 63)
org3+6
1 2 A1

10.50r 10— or —
2 2

Additional Guidance

M1 is for a full area calculation (= 63)




12(a)

Valid common denominator with at
least one numerator correct

M1

b 2% 89x

or 5 and 5
Oy = 3x Ox x 3x

numerators and denominators may be
seen as products

a can be numerical or algebraic
b can be numerical or algebraic

Valid common denominator with both
numerators comrect

M1dep

—?'r and —6

gy? g2

2
or Txdr and

O x 3x°

2% 9x
O x 32

numerators and denominators may be
seen as products

Tx+6 or Tx+6
9x? (3x)?

with no further work

Al

Additional Guidance

2 .2
+ Txs + 6
21x :;I Bx 21x +;E X . v MZ2AD
27x 27x Ox
-1 -2
7x  +6Bx M2A0
9
Tx+ 6/ 9+ M2A0




12(b)

Changes division to multiplication

3x+12

x?

and inverts to

may be implied
M1

(3x + 12 =) 3(x + 4)

M1 may be implied

Correct expression written as a
single fraction or a product

may be implied by final A1
Ix(x+2)(x+4) (3x? + 6x)(x + 4)

must have eg :
. x+4 x+4
factor (x + 4) in a numerator and
denominator x + 4 or —F = x+2 3(x + 4)
or x+
correct expression written as a single ar F . 3(x + 2)(x + 4)
fraction or a product +4
must have denominator x° or x° or x or 3_r“'{_1- +2) or ¢ x x+2 x 3
i =
or S x 2
Al ar % x 3_\»"'
X
3x%(x+2)
or—5
X
2
or 3x“(x+2)
X
or 3x(x +2)

1
or x=(x+2)=3
or 3x{x + 2)

3+ + By

xlx+2)(3x +12)

x+4

Al SC2

Additional Guidance

The list of examples in the first A1 is not exhaustive

3x% + Bx with no incorrect working

4 marks

14{a)

6;1:;'2:'(215; —3r+4)

B1 correct factorised expression with a
commeon factor involving at least two
variables

eg pq(12q2r— 18q:‘2 + 24g¥)
B2 or Zqzr (6pg — 9pr + 12p)
or

common factor 6pg°r with two out of the
three terms in the bracket correct

eg quzr (2g — 3r + 4p)

Additional Guidance




Correct factorised expression with a
common factor

eg (v + 3)[6(v + 3)* + 4(v + 3)7]

M1 or 2[3(y + 3)° + 2(v + 3)]
or 2(y + 3F[3(r + 30 + 200 + 319

2y + 3 [Blr+3)+ 2
or 2(y +3)* (3 + 9+ 2)
or (v + 3)* [B(y + 3) + 4] Al
or (v+3)* (B + 18 + 4)
or (v+3)* 6y + 22)
20y +3)* 3y +11) A1

14(b) Additional Guidance

T
3(4 + 5x)(4 — 5x) B1 Partial factorisation
or 3{—4 — 5x)(5x — 4) 5 eg 3(16 — 25¢%) or —3(25x% — 16)

2
or =3(4 + 5x)(5x — 4) or (12 + 15x)(4 — 5x) or (12 — 15x)(4 + 5x)
or —3(—4 — 5x)(4 — 5x)
Additional Guidance
Brackets in either order for B2 or B1
—{75x7 — 48) BO
(—5x + 4) is equivalent to (4 — 5x) etc
14(c) .

Incorrect notation eg (4 + 5x)3(4 — 5x) B1




Alternative method 1

2(2 - 5x)+ 3(3r— 1)
M1
ord —10xor9 -3
4-10x+9xr—3=1-x M1dep
(1- .rj2= 1-2x+5° A1 must see working for M2
D _Br+3x—1+x=1_2cx+x? B1
Alternative method 2
4(2 — 5x) + 6(2 — Bx)(3x— 1) oe
. +6(2 — 5x)(3x — 1) + 9(3x — 1) M1 allow + 12(2 — 5x)(3x — 1) for
6
+6(2 — 5x)(3x — 1) + 6(2 — 5x)(3x — 1)
4(4 — 10x — 10x + 25x%) oe
+6(Bx — 2 — 1522 + Bx) must see expansions
+B(Bx — 2 — 15x% + 5x) must see working for 15t M1
+9(@%— 3x— 3x + 1) Midep | allow +12(Bx—2— 155" + 5x) for
= 16 — 40x — 40x + 100x" + 36x — 12 +B(6x -2 - 15"+ 5v)
—90x + 30x + 36x — 12 — 90x2 +6(6x —2 - 15+ 5x)
+30x + 8137 —27x— 27x + 9
1-2x+22 A1 must see working for M2
2-Br+ar—1+x%=1-2¢v+x? B1
Alternative method 3
2(2 — 5x) + 3(3x — 1 oe
( )+ 3( ) M1
ord—10xor9x—3
(4 —10x + 9x — 3) oe
=16 — 40x + 36x — 12 — 40x + 100x” must see expansions
2 2 M1dep
—90x? + 30x + 36x — 90+ + B1x°
—27x—12+30x—27x+9
1—2¢+2% Al must see working for M2
16
2-5x+3r—1+2=1-2x+27 B4
(—5}2 +2%=29 oe invelving use of -5 and 2
eg (-5-0%+(2-0)*=29
or (0-—5)* +(0-2)*=29
or |f(-5)2 +2% = J29
B or 28 — (-5 = 2*
or 29— 2° = (-5)°
17(a) or /20—(-5)% =2

ory29-22=-5




17(b)

Alternative method 1 Using gradients

(gradient OP =)

2-0
-5-0

or —g or-0.4
5

M1

oe
may be implied
egy=-— 2 x
5
or
gradient of tangent = g (with gradient

0P not seen)

(gradient tangent =)

-1 3 or 2 or25 M1
their — =
4]

oe

2
cormrect or ft their 3

y— 2= their 2 (x—-5)
2
ar
.5
0 — 2 = their = (x ——5)
2
ar

2=their9><—5+c
2

M1dep

oe
dep on 2nd M1

equation of their tangent with or without
substitution of ¥ = 0

implied by_\-—gx+ 2?9 oe

orﬂ—%r+ 22—9-:}3

- E or—-58
5

Al

oe
bt
allow {—E 0 |
5 4
2
SC2 answer —10 (grad tangent = EJ

SC2 answer —% or 4.2 oe

(grad tangent = —g )

Alternative method 2 Using similar triangles (see diagram in Additional Guidance)

a_2 oe equation
—== M1
2 5 any letter
15«:=g='=2{:-r.u=E M1dep
5 5
5 — their % Midep | 98P On M2
—% or-5.8 oe .
allow [—§ 0 |
5
sC2 =2
A1 answer —10 (grad tangent = E}
SC2 answer —% or 4.2 oe
5
(grad tangent = 3 )
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(@ + 3) % kor ka® + 3k

oeegb=!m2+3ﬁ-

M1
may be seen on diagram
(ak)P +3ora®k®+3 M1 oeegh=a’k*+3
may be seen on diagram
ka® +3k=a"k* +3 oe
equates and expands brackets correctly
M1dep
dep on M2
may include —b on each side
2 2
a(k-k)=3-3k 3 -3k 3k
s oe eg (a” =) or (a =) () 2=
or ka“(1-k)=3-3k k—k?2 k—k
or ka®— a* kP =3(1-K) 2 . 3k-3 -3
2 2 or {“ _} 2 l: { ) F]
ora(k—k7)=3(1-k) k= —k k< —k
or ka?(1—k)=3(1—k) y collects terms in o and factorises comrectly
1de i
or az{ﬂ-z —k)=3k—3 P | on atleast ;:ne side
3 must use ¢~ as a factor if awarding mark
or ka{k—1)=3k-3 for factorising ka®— a
or ia” — ka® = 3(k—1) dep on M3
or a®(k* —k)=3(k—1)
or ka®(k—1)=3(k—1)
2, 3(1-k) 2 2 _, 3(k-1)
( _J k{l'—:k) or (Iﬂ' _JI Oeeg{u _J k{k_,l}
3(1-4) M1dep | correct fraction with numerator and
or(a=) () K(1-%) denominator factorised correctly
dep on M4
“ k
(a—}JEGr (a—]f3 GEEQIH—J—GT{H—Jfa
k k) Al b

(a—}iJf; MSAO  (a —J—\(:: MSAQ
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Alternative method 1 Powers of 3

(320 or (3321 oe powers of 3
or eg 3" or 33
2x0.50+4
3 M1 or
a_,l:rl
brackets not needed if intention clear
eg 320.5,-
(3%)"% and 3*and (3%* " oe powers of 3
ar Mid eg 3" and 3* and 3%
=) 5 —_ ep
205 {33J2p 1 or
3" and 353
2x05p+4=3(2p-1) oe equation
or Midep | depon M2
ptd=6p-3
1.4 or 7 Al oe
5
Alternative method 2 Powers of 9
9".15,IJ-?2 or (91 .5)2.')—1 oe power of 9
M1 eg 9341—1 5
brackets not needed if intention clear
eg 91_52|-|-1
9®and (9"5¥" oe powers of 9
or " eg 9%and 9¥15
- 1dep
Qo5 4o {91 .5}2.11—1 ar
gl8P+2 5y %15
0.5p+2=1.5(2p—-1) oe equation
or Midep | depon M2
05p+2=3p-1.5
T Al oe

14 0r —
5




Alternative method 3 Powers of 27

¢ ETE I oe power of 27
273 2 1
.08 =
{ J M1 eg 273 "or 273"
brackets not needed if intention clear
205 p
eg 273
¢ 2\05p 4 oe powers of 27
{2?31 and 273 205, 4
Y, eg 273 and 273
ar
24 M1dep 1 .
273" and 273
2 4 1 4
=5 p+r— —p—
M2 273 3 or 273 3
g x 05p + i —2p—1 oe equation
3 3 dep on M2
or M1dep
1 4
—p+ = =2p—1
LA
oe
14 or 7 Al
5
Alternative method 4 Powers of 81
(81%95)°¥ or (810752 oe powers of 81
or eg 8102 or g1 157075
810'5,0'5/"‘ M1 or 810.25p~1
brackets not needed if intention clear
05057
eg 81
(81%%)%5” and (81°75)% - oe powers of 81
or eg 8192 and 81"% 075
8105091 ang (810752 el
81925+ anq g1 ¥ 075
05x%x05p+1=0752p—-1) oe equation
24 or M1dep | depon M2
0.25p+1=15p-0.75
14 or L a1 | ©®
5




June 2019 Paper 2

3 2<a<0 and -1<b<1

Tick the correct box for each statement.
[4 marks]

Always true Sometimes true Never true

a <0

1<bh <1




8 (a) A linear sequence has firstterm 7+ 125

The term-to-term rule is

add 9-245

One term of the sequence is an integer.

Work out the value of this integer.

[2 marks]
Answer
. . 3n? -1
8 (b) The nth term of a different sequence is 7.
n+
Work out the sum of the first three terms.
[2 marks]
Factorise fully  (p+6)'" —(p+6)"°
[2 marks]

Answer




12 The diagram shows a solid hemisphere.
The diameter is 12a cm

The volume is 4867 cm”®

Work out the value of a.
[3 marks]

Answer




2p+1 5

15 Rearrange m 3 to make p the subject.
P P
[4 marks]
Answer
16 The curve  y=2+/x—a +5 passes through the point (1, 8)
Waork out the value of a.
[3 marks]

Answer




17

18

Show that  (x + 1)(x + 3)(x + 4) — x(32 + 7x + 11)

can be written in the form  (x + a)(x + ) where a and b are positive integers.
[5 marks]

Solve Ax -5 =k? where k is a constant.

Give your answers in their simplest form in terms of .
[3 marks]

Answer




20 A, B, C and D are points on a circle.
D, E and F are points on a different circle, centre C.
DCE, ADF and BCF are straight lines.
angle DEF = x

Not drawn
accurately

20 (a) Prove that angle BAD = 2x
[3 marks]




20 (b) In the case when AB is parallel to DE, work out the size of angle x.
[2 marks]

Answer degrees




B4

B1 for each correct row

a-b>0 ] ]
3 Additional Guidance

Two boxes ticked in a row with other 3 rows fully correct B3
7+1245 +6(9-245) oe eg T+6x9 or 7+54
ar or Gx-2=-12
1245 +6(-245)=0
o allow 7+ 1245 +(n-1)9-245)

with n=7
12,5 <2./5=6 M1
or allow 7 + 1245 +n(9 -25)
states that need to add 6 lots of with n=6
(9-245)
or
Tth term
8(a)

61 Al

29 4 8

— or 5— or 5.8 oe 5—

5 5 e 10

82 11 28
B1 anytwoof 1, —, — o0& values
5 10
Additional Guidance
8(b) Terms must be evaluated for B1 unless correct answer seen
R B B0
1+1 4+1 9+1




Alternative method 1

(Second differences =) 4

second differences seen at least once and

or 2 M1 not contradicted
may be seen by the sequence
-3-2 3-8 (13-18 27-32) subtracts 2n” from the given terms
or M1idep
-5 -5 (-5 -B)
2 -5 Al oe eg 2n +0n-5
does not need terms collected
8(c) Alternative method 2
(Second differences =) 4 second differences seen at least once and
2 M1 not contradicted
or 2n
may be seen by the sequence
3a+b=3--3 oe
and substitutes a =2
Midep
or
b=0
2 -5 Al oe eg 2n +0n-5
does not need terms collected
Alternative method 3
Any three of
a+b+c=-3
da+2b+c=3 M1
Qa+3bh+c=13
16a +4bh + c =27
3a+b=3--3 oe
and Sa+bh=13-13 obtains two correct equations in same two
or Midep | variables from their equations
a=2andb=0
2 -5 Al oe eg 2n +0n-5
does not need terms collected
Alternative method 4
(Second differences =) 4 second differences seen at least once and
8(c) or 2 M not contradicted
cont may be seen by the sequence
2x1?+hx1-5=-3 2n® + bn — 5 = -3 with n = 1 substituted
or 2+h -5=-3 Midep | oe
or b=0 eg 2x2°+hx2-5=3
2 2
2n -5 Ad oe eg2n +0n-5
does not need terms collected




(p+8)'""(p +5) B1 (p+6)'°(p+6-1)

ar ar

{p+5)p+6)"° states x=p+6 and x'"(x—1)
B2 (any letter for x other than p)

ar

correct partial factorisation

eg (p+6)l(p+6)"-(p+6)7
or (p+6)°[(p +6)° - (p + 6)°)

Additional Guidance

Any shape of bracket may be used

(p+8)"(p +6)-1) B4

Missing brackets must be recovered

9
eg p+5p+ 6}"0 not recovered and B1 response not seen BO
Alternative method 1
1 4 3 ¢ 43
= x — = J0 = (Ba} oe 1xixj’rx'1z—ﬂ
2 3 M3%3 2 J
2 3 M1
£ 2
or3~:rr=-<21ﬁa or E*:‘T!{ﬁa}a
or 144ma’
12 o= 4867 r g & oe equation of form a’ = or calculation
1447 8 allow (6a)® = 729 or 6a=9
3 _ . (2 3 ‘l
orf:-dﬁﬁ-\—xﬁ; Al
3
or a =3.375
or ¥3.375
SC1 answer 0.75 oe
3 or 1 1 or 1.5 Al
2 2 or answer 1.19... or answer 4.95._.
Alternative method 2
A= 4B6T oe equation of form F=
E;n: or calculation
3 M1
or r* =729
or ¥729 or 9
ABEIT oe equation or calculation
. allow (6a)” = 729
12 Al
cont
of Ba=9
or 9+6
SC1 answer 0.75 oe
3 or 1 1 or 1.5 Al
2 2 or answer 1.19... or answer 495




Alternative method 1

Imp=32p+1)+p+5

or {m=)m+ﬁ

oe fractions eliminated
or common denominator

ip p 3p(2p +1 o pr+5
M eg (m=) !(!2 L,Mpz )
Bp+3+p+5 3p 3p
or (m=) - 3p 2 2
n
or (m=) 6p +3|.'J+2p +5p
3p
15 Imp=6p+3+p+5 oe brackets expanded and fractions
or 3mp=Tp +8 eliminated
M1dep eg 3mp2 = sz +Bp
implies M2
Imp-Tp=8 oe terms collected
8 -8 Mildep | eg p(3m—-7)=8 or Tp—3mp=-8
or or
Im -7 7—3m implies M3
= r p= —5 Al ce e =
P 3m-T P 7-3m 9 3Im-T7 P
Alternative method 2
(m =) 3(2p+1) . p+5 oe common denominator
ms) —— + ——
3p 3p 3p(2p+1 p(p+5
eg (m =) 22 2 ), plp a )
_ . Bp+3+p+h M1 3p 3p
ar (m=) T ay,
P 2 2
or (m=) Ep +3||'J+2p +5p
p
_7p+8 simplifies numerator and isolates term in p
3p _ T_nz +8p
7 8 eg m= ———
and m= 3t3s 3p
P
7 8 M1dep and m= %1—31
and m— E= 3 F
r 7_8
and m—- —= —
3 3p
implies M2
15 -
cont m-7_8 converts m — I to a single fraction
3 ap M1dep 3
implies M3
= or p= -8 Al oe e 8
P 3m-7 P 7—3m 9 Im-7 P




M1
or
2_ 52
3=2°(1-a) or 9=4(1-a)
a2 oe equation or calculation
1-a= [ 3
a \ 2J 1 85" 2
-—a=|—
eg 5 J
or 1—-a= —
Midep | or 1-a=225
16 or 9=4-4da g-4
or —
4-9 -4
o —
4 implies M2
5 1
—-— or =125 or -1 Al
4 4
x2 + 3x + x + 3 with three terms oe expansion attempt of one pair of
correct brackets
ar egi +% +4x + 3x + 12 with three terms
x% +dx+ k where k is a non-zero correct
constant ar
M1 x% + Tx + k where k is a non-zero constant
8g2 x’ +4x +x + 4 with three terms
correct
or
12 + By + k where k is a non-zero constant
P Do attempt at a full expansion with correct
3442+ 30 multiplication of their 3 or 4 terms
or AT+ 4+ o by one of the terms in the remaining
or 4x® +12x + 4x + 12 bracket
or 4x” + 16x + 12 oe eg
a3 12 or T+ 12x
Midep | or x®+4x+3r+12 or ¥+ 7x+12
{.rz + Tx + 12 must be from an attempt at a
17 full expansion)
or
Srar e a4 or X+ 5+ dx
or 3x® +12x +3r+12 or 3%+ 16x + 12
B+ 19y + 12 fully correct expansion
allow if terms not collected
Al eg
Frad e el 120+ dx+ 12
or ¥° +4x% + 3x + dx? + 16x + 12
B+ 12 ft M2AD
full simplification of
Alft o 5
their (x° + 8% + 19x + 12) - x° = 7 — 11x
their {.r3+ 8% + 10x + 12) must be a cubic
¥+ 8x+ 12 oe product of brackets
and Al

(x+6)x+2) or (x+2)x+86)
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Alternative method 1

x=-5= Li or x-5 =—£
2 2

oe linear equation

[ 2 .
eg x=5= L or.r=i +5
L 2

or 2(x-5)=k or 2x-10=k M1
of 2(x-58)=-k or 2x-10=-k
®=5) ar JE{_r—5}=Jk_2
k k k
x=5=— and x-5 =—— oe x=5=+ =
' 2 ' 2 ax 2
ar square root(s) must be processed
Al
2(x-=5)=k and 2(x-5)=-k implied by final A1
or
2x-10=k and 2x-10=—k
LN 5 and _k 5 oe simplest form
2 2 10+ 10 -k
g —— and ——
2 2
Al
k+10 k-10
or and ——
-2
or 505k
Alternative method 2
4x% —40x + 100 - &2 (= 0) M1 expands and collects terms
— 40+ J(-40)% —4x4x(100—k?) oo oq J0:V1BKZ 404k
2x4 Al 2 8 a8
implied by final A1
3 +5 and _k +5 oe simplest form
2 2 10+4 10 -k
and ——
2
Al
k+10 k-10
r —— and ——
2 -2

or 505k




20(a)

Alternative method 1

Full method leading to
angle BCD = 180 - 2x

M1

&g

angle CFE = x

and

angle FCE = 180 - 2x
and

angle BCD = 180 — 2x

Full reasoning for their method

Al

eg

(base angles of) isosceles (triangle are
equal)

and

(sum of) angles in a triangle (is 180)
and

(vertically) opposite angles

angle BAD = 2x
and

(opposite angles of) cyclic
quadrilateral (add to 180)

Al

must see M1

Alternative method 2 Working out angle DCF using angle at centre

angle DCF = 2x M1
angle at centre (is double angle at Al
circumference)
Full method leading to must see M1
angle BAD = 2x eq
and angle BCD = 180 — 2x
full reasoning for their method and
Al angle BAD = 2x
and

angles on a (straight) line (add to 180)
and

(opposite angles of) cyclic quadrilateral
(add to 180)




20(a)
cont

Alternative method 3

Working out angle DCF not using angle at centre

Full method leading to
angle DCF = 2x

M1

eg
angle CFE =x
and

angle DCF = 2x

Full reasoning for their method

Al

&g

(base angles of) isosceles (triangle are
equal)
and

exterior angle (of triangle is sum of interior

opposite angles)

Full method leading to

angle BAD = 2x

and

full reasoning for their method

Al

must see M1

eg

angle BCD = 180 — 2x

and

angle BAD = 2x

and

angles on a (straight) line (add to 180)
and

(opposite angles of) cyclic quadrilateral
{add to 180)

20(a)
cont

Alternative method 4

Full method leading to
angle DFC =90 -x
and

angle ABC =90 —x

M1

eq
angle CFE = x

and

angle DFE =90
and

angle DFC=90-x
and

angle COF =90 -x
and

angle ADC =190 +x
and

angle ABC =90 -x

Full reasoning for their method

Al

eg
(base angles of) isosceles (triangle are
equal)

and

(angle in a) semicircle (is 90)

and

(sum of) angles in a triangle (is 180)
and

angles on a (straight) line (add to 180)
and

(opposite angles of) cyclic quadrilateral
(add to 180)

angle BAD = 2x
and

(sum of) angles in a triangle (is 180)

Al

must see M1




20(b)

30

B1 correct equation or calculation
eg 90+ 2x +x =180

or 90 —x=2x

or 3x=90

or Bx =180

or 90+ 3

B2

Additional Guidance

lgnore any expressions for angles and any other calculated angles

Ignore any reasons




