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e You must have the AQA Formulae for A-level Mathematics booklet.
e You should have a graphical or scientific calculator that meets the Question Mark

requirements of the specification. 1
Instructions 2
e Use black ink or black ball-point pen. Pencil should only be used for drawing. 3
o Fill in the boxes at the top of this page.
e Answer all questions. 4
e You must answer each question in the space provided for that question. 5

If you need extra space for your answer(s), use the lined pages at the end

of this book. Write the question number against your answer(s). 6
e Show all necessary working; otherwise marks for method may be lost. 7
e Do all rough work in this book. Cross through any work that you do not want

to be marked. 8

9

Information
e The marks for questions are shown in brackets. 10
e The maximum mark for this paper is 100. 11
Advice 12
e Unless stated otherwise, you may quote formulae, without proof, from the 13

booklet. 14
e You do not necessarily need to use all the space provided.
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Answer all questions in the spaces provided.

1 The first three terms, in ascending powers of x, of the binomial expansion of

1
(9 + 2x)2 are given by

: i
2x)° ~ ———
9+2x)*~a+ 3 52

where a is a constant.
1 (a) State the range of values of x for which this expansion is valid.

Circle your answer.

[1 mark]
]x\<2 |x]<2 x| <1
9 3

+2 |z = ; + Z— '1 = + 1 ‘7- \ -_— L ‘ - \ \[ q

Circle your answer.

1 O

[1 mark]

(a+22) = 3 (1+zxn
=3 +(Jz.x%\:x T )
=3+ Llx+.-.
3
Hence, o=3.
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2 A student is searching for a solution to the equation f(x) =0 box

He correctly evaluates

f(-1)=—-1and f(1) =1
and concludes that there must be a root between —1 and 1 due to the change of sign.
Select the function f(x) for which the conclusion is incorrect.

Circle your answer.

[1 mark]
2x + 1
f(x) = fx) = x3 f(x) =
() =x () =x ="
‘f('xh% Wos WO root berween | owd -\,
3 The diagram shows a sector OAB of a circle with centre O and radius 2
A B
2
O
The angle AOB is 0 radians and the perimeter of the sector is 6
Find the value of 0
Circle your answer.
[1 mark]

@ V3 2 3

Ler\'ln AB =16
Perimerer : 20 + 2+2 =6
20 =2
o=\

Turn over for the next question

Turn over p»
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4 (a) Sketch the graph of For x=3, y=%-
For X 23,
y=4—|2x— 6| Y= - (22-6)
" Y= -2X +0
For 23,
(3 AR
\3 2Ilx-2
(5,0) 5
0 (1,0) X
(0,-2)
[3 marks]
4 (b) Solve the inequality
4 —|2x—6|>2
[2 marks]
4 -122-61>2
For x>3 12x-61=2x-¢.
n S case: &4 - (x-6)>2
S 10-2x22
2x ¢ 3
A’ LYy
For x€3%, |2x-6l= 6-22.
(A tn case: G- [f-2%x)22
2x 72 &
22
LQm\JoS.m".Aj_ﬂng resoulis 8(\)ej 2¢ x4,

0 4
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5 Prove that, for integer values of n such that 0 <n < 4 box
2n+2 > 3n

[2 marks]

Proot b:n) ex\oshon :

2n+7_ 3!\ 2n+7. S 3'\ ‘)
0| & l
| | 3 3
2|16 9
3 (32 23

NSNS

fvomn e tadde  we  lnave  proven tnak o add

egerns n socla tinak  Otnly, 27t 33"

Turn over for the next question

Turn over p»
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6 Four students, Tom, Josh, Floella and Georgia are attempting to complete the
indefinite integral

Jldx forx >0
X

Each of the students’ solutions is shown below:

Tom 1dx =Inx
) x
1
Josh —dx=kInx
X
1
Floella p dx =InAx
. [ 1
Georgia p dx=Inx+c

6 (a) (i) Explain what is wrong with Tom’s answer.

[1 mark]
M_—gmr%oﬂﬂ&_ﬂae congtont o} tntegration.
6 (a) (ii) Explain what is wrong with Josh’s answer.
[1 mark]
He Wnos RPUE  twe conSYon in e wxong plo.ce.
6 (b) Explain why Floella and Georgia’s answers are equivalent.
[2 marks]
oangureis o8 e sovwne.
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7 Consecutive terms of a sequence are related by
ypr =3 = (uy)?

7 (a) In the case that u, = 2

7 (a) (i) Findu,

[2 marks]
Ue= 3 -(u) = 3-(2)* =-)
Uy = 3- (WY =3-(-1)2=2
7 (a) (ii)) Find U
[1 mark]
uqo = -1
7 (b) State a different value for u, which gives the same value for U as found in
part (a)(ii).
[1 mark]
W=-2

Turn over for the next question

07
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8 Mike, an amateur astronomer who lives in the South of England, wants to know how
the number of hours of darkness changes through the year.
On various days between February and September he records the length of time,
H hours, of darkness along with ¢, the number of days after 1 January.
His results are shown in Figure 1 below.
Figure 1
HA
161
X
141
X
121
X X
10+
X x
81 X X
6_
4_
2_
0 T T T T T —>
0 50 100 150 200 250 350 ¢
Mike models this data using the equation
B . (2m(t +101.75)
H—3.87S|n( 365 > +11.7
8 (a) Find the minimum number of hours of darkness predicted by Mike’s model. Give your

answer to the nearest minute.

2w (E+101.35)

Minimum oot winen sm( 3695

-\,

[2 marks]

-3.%% + 1.3=3.8%

X = 44.9% invtes = inures

3 hows 50 wacnutes

0 8

Jun20/7357/1

Do not write
outside the
box



PhysicsAndMathsTutor.com

9

8 (b) Find the maximum number of consecutive days where the number of hours of
darkness predicted by Mike’s model exceeds 14
[3 marks]

Find  LivveS  wwnen WH=\4,
2w (E+101.35)

2.33 Sin { 365 ) + .3 =14
(zw (£ +101.35)
SN

365 = -1_39
£
2“‘& +|D‘-qs) 0-6%4% 2905
( 365 ) = so (432) - 0.4364 \/

21 (£ +101.35)
or ( ) = Sin-! (1—39

365 383/ T— 0.63§4 = 2.505
(21\'(& +|o|.=|s‘))
365 = 0636% 3 t = 365 (0.636u) - 101.35 = - 64.38
2w
2t 4101.35)
365 =2.505 3 t= 365 (2.505) — 10135z 42 33
T

Diﬂ:gvpnre-. 43-38 - [-64%38)= 108.9

= 108 consecohve dMJS

Question 8 continues on the next page

Turn over p»
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8 (¢) Mike’s friend Sofia, who lives in Spain, also records the number of hours of darkness
on various days throughout the year.
Her results are shown in Figure 2 below.
Figure 2
HA
161
14_ X X x
X X
12
x x
101 x *
X X
8_
6_
4
2_
0 ; ; ; ; ; ; —
0 50 100 150 200 250 300 350 1
Sofia attempts to model her data by refining Mike’s model.
She decides to increase the 3.87 value, leaving everything else unchanged.
Explain whether Sofia’s refinement is appropriate.
[2 marks]

+ron Mike.

10
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Turn over for the next question box
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Turn over p»
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9 Chloe is attempting to write ———— as partial fractions, with constant
(x+ 1)(x+2)

numerators.

Her incorrect attempt is shown below.

2x2 +x A B
Step 1 5 = + 5
x+Dx+2° x+1 (x+2)
Step 2 2x2 4+ x=A(x+2)° + B(x+ 1)
Step 3 Letx=-1=4=1
Letx=-2=B=-6
2x2 +x 1 6
Answer 5 = — 5
x+1Dx+2° x+1 (x+2)
9 (a) (i) By using a counter example, show that the answer obtained by Chloe cannot be
correct.
[2 marks]
2xt4+x =\ _ &
Cx+\) (x42)2 x+ (e 2y
For x=0, +he LHS of the identity oives O oy
the RHS gwver 1-6 - -1 . Thee valwes aw nor

r L‘— 2
eguo)  so Chloes owvswer is not covvect.

9 (a) (ii) Explain her mistake in Step 1.
[1 mark]

O

Chlee shold  Wane  included s wne ey 242 oN__+wne

rCSWr Whand  Side.

12
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9 (b)

2x2 +x

Write — =~ 1~
(4 1)(x + 2)2

22t + X = A o B 4+ C

as partial fractions, with constant numerators.

[4 marks]

(x4 ) (Z2+2D)* (x+\)  (ocr2)* Cct1)

A(x+2)t + B (x+0) + Clxs)(x42)= 222 +

Lot x=-|: A=

lg x=-2: -B =6 = B=-6

let x=0 : UA +R +2C =0

4 -6 +92C=0 = 2C=2 = (=1

So 22t +%x = |\ - b 4

(x+ ) (=+2)* (x+\Y  (oc+2)* x+)

13
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10 (a) An arithmetic series is given by
20
> @r+1)
r=5
10 (a) (i) Write down the first term of the series.
[1 mark]
Firsr +eem ocewrs ar €=5:  (4(5) +1)= 2|
10 (a) (ii) Write down the common difference of the series.
[1 mark]
U
10 (a) (iii) Find the number of terms of the series.
[1 mark]

L6

1 4
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10 (b)

10 (b) (i)

A different arithmetic series is given by
100
Z (br +¢)
=10

where b and ¢ are constants.

The sum of this series is 7735

Show that 556 + ¢ =85

Number of tergnsS @ n = 4]

[4 marks]

Ficst Yreem: 0= |0b+ C

Common _difference : d=b

Som o} series: (20 + (0-0Nd) = 3335

n |
z

4 (20100 +<c) + 90b) = 3335

(N

11[liob+<) + &5b]= 3335

55b + ¢ = 85

15
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Jun20/7357/1

Do not write
outside the
box



PhysicsAndMathsTutor.com

16

E;Ztg;);eM;;ite(e
10 (b) (ii) The 40th term of the series is 4 times the 2nd term.

box

Find the values of » and c.

[4 marks]
2nd term:  \lb 4+ C

40" termn: 49b +¢

(b +c)=49pn+ C
Lub + 4Cc = UAb+C
5b =3C ®

e . con. 55bt =85 O

Erom ()t 59h=33¢. Svoshtute into @D:  33C+c =85

= 34Cc=85

= ¢=2.5

From (@ b:_%(?..‘:')\:\.‘i.
5

SOI b=15

C=2~5.

16
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11

11 (a)

The region R enclosed by the lines x =1, x =6, y =0 and the curve

y=1In(8 —x)
is shown shaded in Figure 3 below.
Figure 3
VA
R
0 1 2 3 4 5 6 ™ x

All distances are measured in centimetres.

Use a single trapezium to find an approximate value of the area of the shaded region,
giving your answer in cm? to two decimal places.

[2 marks]
U:\n(g—X)
J
‘5{'\ =lal8-D=1n7 = 1.945910144...
3(5\: n(g-€6)=1n2 = 0.69314318

Area = L (6-1 (1. 945910149... + 0.694314718.)

=1
1

= £.5976%...

= 6.60 e

Question 11 continues on the next page

17
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11 (b) Shape B is made from four copies of region R as shown in Figure 4 below. box
Figure 4

Shape B is cut from metal of thickness 2 mm
The metal has a density of 10.5g/cm?3

Use the trapezium rule with six ordinates to calculate an approximate value of the
mass of Shape B.

Give your answer to the nearest gram.

[5 marks]
Am_o;_me_ﬁgnem = ,;_ w1 X [_ln7_+\h:, +2(103 + \al + a8 +\a€ﬂ
= 4.20563...
= 31.20563 em®

Area oL R = 3.20563 x4 = 28.82252 cm®

Z__MS =0.2ecm

Nowwe of 8 - 28.32252 x 0.7 = 5. 364504 cw’

5.36450% x 10.5
60.523292
6lq

J

u

Mass of B

18
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11 (c) Without further calculation, give one reason why the mass found in part (b) may be:

11 (c) (i) an underestimate.
[1 mark]

The drogezion oM lie bvelow +we coye 00

11 (c) (ii) an overestimate.
[1 mark]

Numbers in +he colcvahon Wove been rounded

Turn over for the next question

Turn over p»

19

Jun20/7357/1



PhysicsAndMathsTutor.com

20

12

12 (a)

12 (b) (i)

A curve C has equation

x3siny + cosy = Ax

where 4 is a constant.

C passes through the point P(\/é, %)

Show that 4 =2

[2 marks]
3
(B swnlF) + (3 - FA
15 (2) + 3 -4
2
3.1 .
2 2
A-2
2 .
Show that dy _ 2-3 siny
dx x3cosy—siny
[5 marks]

11’ SINY_+ Cosu = 2x
J ~

‘ > . . Y N o _‘_ 3

i\ﬁ. = 2 —3xtsiny

. J
x‘cosy - S\V\g

2 0
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12 (b) (ii) Hence, find the gradient of the curve at P.

[2 marks]
dy = 2 -3x%sing
=4
x‘cosy - S\V\g
A (3.F), dy= 2-3(BY sin(¥)
dx  (13)3 cos(T) - 5n(T)
-5
£
12 (b) (iii) The tangent to C at P intersects the x-axis at Q.
Find the exact x-coordinate of Q.
[4 marks]
At (EE) tve  avadient is -5 .
% J 5
3 - = -—_i_ (x —E\
6 ]
yu=-5Sx+5J3 +10
J 8 8 6

Fgx =53 +1x
® 3 3
x = J2 + 4w

15

2 1
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13 The function f is defined by
2x+3
f(x) = R 2
(x) P xeR, x#
13 (a) (i) Find £
[3 marks]
u=2x+3
J Tx-2
UWX=-2y=2x +3
J J
\‘ll'x -2%x = 20 +3
x (4=-2)= 2u +3
J J
X = 7_g +3
y -2
g"hﬂ: 2% +3 2 %2
o -2
13 (a) (ii)) Write down an expression for ff (x).
[1 mark]

(zx+3) -2
x-2

I

Gx + 6 + 3(x-2)

220+3 =2(x-2)

= Jx = X

=

2 2
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13 (b)  The function g is defined by *box
2 _
g(x)szsx xeR,0<x<4
13 (b) (i) Find the range of g.
[3 marks]
Moaxinaum : a(W=2(w)*-5 =6
J
2.
Minivaum : 2Xt -%X - 7t -5x =(x—§\,1 - 25
2 2 [ 16
Mincmom  point (% . ‘%\)
Range : {u -25 ¢, L4y
J 7 16 J

13 (b) (ii) Determine whether g has an inverse.

Fully justify your answer.

/ [2 marks]

alo) = 0 X 7/

d u

al(2.%5)=0

J

3 is mcm:}x {0 one Sa  AoeS vnor have oan __inverse.

Turn over p»
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13 (c)  Show that ) e ox
2x4 — b5x
2 gx) = Y
oy +3 f(x)_48—|—29x—2x
= SN =2 —8xt8
[4 marks]

f(x) P

2.7c+3)7- 2243
olfa) =2 lx-2)—-5[x-2
YA

2 (22¢ 43V = 5(72x+3)x-2)
2 (x-2)*

h

2 (4x? 4 120c +Q) = S (z2xz -x —§&)
2(x2 —4x +4)

BxZ +24x +\18 —10x? + 5x +30
XL — 8¢ 43

= 4% +29x —2x*
2xt —Bx +3

2 4 Jun20/7357/1
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13 (d) It can be shown that fg is given by

4x2 —10x + 6
fox) = — T~
gx) 2x2 —5x — 4

with domain {x e R:0<x<4,x#a}
Find the value of a.

Fully justify your answer.
[2 marks]

2t —-5x -4 =0

5+J25 -4 (-4)(1)

x =
2
x =5* {53
&
As  OL xcl A0
There gore a= 5+ 153

4

Turn over for the next question

Turn over p»
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14 The function f is defined by
f(x)=3"x—1 where x > 0
14 (a) f(x) = 0 has a single solution at the point x = o
By considering a suitable change of sign, show that « lies between 0 and 1
[2 marks]
$(0=3°Jo —f=-1 <O
-!:[I\ =23'JT -1 =2 S0
TVE cnoinge of sSign implies  fhere i 0. oDt present.
ThewesNe voot of IS behween 0 ond  \.
14 (b) (i) Show that
x
F) = 3 (12+\/);In 9)
[3 marks]
fOxd= 3% Jx -y
floy=2% XE -
fay = Lyda® 4 303 1
= 3> (_'z_x'lt + a3 x2)
=3 L 4 13.R)
\ 28x /

3* ( |+Zg\n3)

\)

- X (l+xln37“\
\RYA L S

= 3% [+ %xla)
\ & )

pYe)
7

L= 3% (14+2x1a9)

23x

2 6
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14 (b) (ii) Use the Newton—Raphson method with x4 = 1 to find x5, an approximation for o.

Give your answer to five decimal places.

[2 marks]
Tty = An= F(x
{"(Tv\\
(3""‘ (1+Xnlnq) 3% (14 Xnlnd)
2dxa
Xi=1
Bq SQbSﬁb!h'ﬂs %A __into abhove X2 = 0 53233]6.
&,Mbﬂs_zum_w i Ao = 0.4246536..
A = 0.42465 (5.d9)
14 (b) (iii) Explain why the Newton—Raphson method fails to find o with x4 =0
[2 marks]
For x.=0 o
Mﬁm(b\e-

Turn over p»
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Show that the exact area of the shaded region is

The region enclosed between the curves y =e*, y =6 —e2 and the line x =0 is
shown shaded in the diagram below.

VA

—

7

)

=Y

|
nt

6In4 -5
Fully justify your answer.
[10 marks]
Eind point of intR(Rchon: €% = 6- et
ex*+e? -6=0
(e% -1) (ef +3)=0

X z
€*=2 &« e*=2
Sace e% 20 o solutions o €% =-3
So 63’7 =2 3 9; =ln2
2 x=2Wn?
= x=ln%
LN
2 8
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TO Calcdoke  oxea B (see ds.gamm) we _indegrak
6-e%

Calci = e*

eroeew . 0 gnd ln 4
lak \nY

\n -
Areq_ - S{G‘ ezci)dx - jex d =|:6'X—7-€‘1i],,4- Lex_l
° 0

(ot - 26#)-(2)] - [(e")-()

[y

* Glnk - 2CM2+Z - E\ﬂq +)

Wy

= Lln% -2(2) +2 -4 41
= 6w -5

END OF QUESTIONS

2 9
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There are no questions printed on this page
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number Write the question numbers in the left-hand margin.
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