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Materials

e You must have the AQA Formulae for A-level Mathematics booklet.

o You shouid have a graphical or scientific caiculator that meets the
requirements of the specification.

Instructions

o Use black ink or black ball-point pen. Pencil should only be used for drawing.

o Fill in the boxes at the top of this page.

« Answer all questions.

= You must answer each question in the space provided for that question.
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).

e Show all necessary working; otherwise marks for method may be lost.

¢ Do all rough work in this book. Cross through any work that you do not want
to be marked.

Information
« The marks for questions are shown in brackets.
o The maximum mark for this paper is 80.

Advice
o Unless stated otherwise, you may quote formulae, without proof, from the
booklet.

e You do not necessarily need to use all the space provided.
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Do not write
- outside the
Section A box

Answer all questions in the spaces provided.

1 Find the coefficient of the x term in the binomial expansion of (3 + x)* §

z
r Circle your answer. |
1 [1 mark] |

12 27 54
3

O+ 4 (x)%3) + 4 ¢ ('@ 4 Cg(x){;g,)
Q

i

‘* 32 2

X A4 1AxXT 4 S x 4 08 x |
| B
| -1 (oefherert of x = log |
i
2 |

2 Given that QX__E find é—}—)

dx x x2

Circle your answer. 1
[1 mark] |

| —
d x |
;! -2
A - et = - |
d"l 2 |

{
!
!
|
4

Wy
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| | Do not write
! | outside the
i 1 |'3 ! box

3 The graph of the equation y = T is translated by the vector | 5 }

3 (a) Write down the equation of the transformed graph.

[1 mark]
4 = |
X =32

%

3 (b) State the equations of the asymptotes of the transformed graph.

[2 marks] |

% S net dekned at x = 3
Y has & Verb cad as%mp‘PH ol x=3 |

Al ’ f'—' !

IOV =x - L"’"" = = O

X+r A -1 x> 400 (-3, |
F o 7 |

._‘ (j \nou a l,\o(,'-,,on-‘ﬁ,f q_;,dm’g}a.{_, at cj:oi

/Irn? aJ(dePKf Ore . 5 o= 2 qnd \j-: O

Turn over for the next question

|
i
l
i
| |
; |
| |
|

|

|

|
|
|
l
|
|
{
|
{
j

Turn over p

I
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4

4 ABCD is a trapezium where A is the point (1, —2), B is the point (7, 1) and C is the
point (3, 4)

DC is parallel to AB.

AD is perpendicular to AB.

4 (a) (i) Find the equation of the line CD.

[2 marks]

AR |1 'quq(\fl o DC : Hoevefare

(3("2 C.'ddllen-’ of AR - Crac'-'eﬂt o,f; 4

Dao not write
outside the

box

/ C\faJv'en-f of AR = Y -4 = f'.zéfl .

)C'.__s(x [‘—'
2
/s Guadiend of De 5 |,
A(v-2) 6@, 2
E‘&uo\,kon o4 D¢ qi*en C (3'#
; &3 r . s\
| I B S
| I = U x-3 4
4 (a) (i) Show that point D has coordinates (—1,2) = 5w _52_ s marke]
t marks
AD rcrf)eml-'culm I AR
| Cheadied o AB X Gradvermr o3 AL =1
i
Geaditms of AD = - | - - =1 L -2
Giaditnt 0f AR -'3
Eaua’n'oﬁ of AD u-(-2) = -2 (1)
J F o
"j 4+ 2 = -ax+t2
- ﬂ = =KX=
“ﬁi"‘ AD and D (nHesedd b D
‘.'> ]/ b S S[ = = 2X i
73 /:2 |
j X F+ 5 = =5°
= X = -] g
. ' \ -— }
n L e S |
COoX = =) =2
i { 'j e Jun21/7356/1
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|

|

4 (b) (I) Find the sum of the length of AB and the length of CD in simplified surd form.

|

[2 marks] |

AB: p- A cD = D -C
s/t =1\ /a3 \
(TI=(5) ) %
: [6) R O
3/ — ()] = [eu)™ +¢2)* |
Asl = gt 43 - JH6+a =20
=T3¢ +q = Io Is
z m o QJ?
[q [« A+ b = 3[f 4287

(Ag]

3]s 2 B
(b) (ii) Hence, find the area of the trapezium ABCD.
‘ _\C /«b S - A [2 marks]
, = I U A
\L ( R) (-2)
A ks : (-2 )
( 4 / |
| Apl =]t + |
S | 20 e 2 J? [

-
—

Afem 04 -‘-(o\f( Zium

o

1
o

|

x AD x (Ag + (D)

« 205 x 58 |

s xsls
S xS |

|
}
|
05

Turn over p
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5 (b)

Sketch the curve

y=@-a)’@3

indicating the coordinates of the points where the curve and the axes meet.

- Xx) where 0 <a < 3

(

[4 marks] |
Y a ;
(0,3a i
o] (70) 30) ¥
LdLm Y=o y X4 ard x=3

(LQV\ x=0, (j:(—ﬂ)z(3> |
gz 3a’ |
Hence, solve ‘;
x a?3 x>0 ,r
giving your answer in set notation form. 5
[2 marks] |
X :’—‘- a ( ‘H/ue("? L La o0c ox s« behueen !
A  and 2 |

) {x.t 5 ‘ﬁcx& U 5 X a L x £ 3}

T
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Donptwn‘te
6 A curve has the equation y = e & -
At point P on the curve the tangent is parallel to the line x +8y =5
Find the coordinates of P stating your answer in the form (Inp, ¢), where p and ¢ are
rational.
% G [7 marks]
‘ 4 -2X
“"d‘{n-l' D-’f (j = P = dq %
Adx |
-2 3C 3
dy ~ -2 e
d >
l'f 'R‘f ‘l’anaen’t -}‘ 'f‘ﬂf Curve 13 upam(lfl ‘f‘"fee {-‘ne
"x'*gfﬁ =S ’H«lﬂ 'R«ev\ LJ”'J’L [nqve EQMCLI qfO\dserﬁJ |
X + X\_{ .
fy = - X+ &5 |
Yy = -0 ox + :5 |
g g
G cad ‘oot of e line <= I
I &
-2
= ~ ol £ S ' x=lnu
9 -2X
y - e 3
_ 22X < —alnyg —|ln 4
| € = 1 y = e ! = &
16 R
ax - ‘j - £
D) £ = [, \ = ,
Lte/ In1b6
ax ~
€ - 1b
= |
{nkoau(\'mj Losq';mm o bb‘,’e [6 1
Sides . u = | X ¢ (o
AX =
{ﬂ e - ’n ' 6 | 6
- 1 ~ ’ \
‘{5 Aax = [n16 ¥ P 13 (:ln'-f —
_______________ =1 lnlé >/
- 2 Turn over p
l Il IIIIIIII - I (16)"
Jun21/7356/1
x = |n Y




7 (a)

7 (b)

P

Scientists observed a colony of seabirds over a period of 10 years starting in 2010,

They concluded that the number of birds in the colony, its population P, could be
modelled by a formula of the form

P = a(10™)
where ¢ is the time in years after 2010, and a and b are constants.

Explain what the value of a represents.

‘s Hee

[1 mark]

a N aeloe

[Do'pulak'on

Show that logqg P = bt +logqga !’

[2 marks]
> a (10 s

i

Jun21/7356/1

Do not write
outside the
box

,nkoducim\ L03o\(f-"{w~ on boll sides: LOQ P - L03q 4 b{ L".S lo
be) ) [0 {0 t lo
L°5 P - Log (Q(lo )) c l
(o o \0 ~
| i \-H L05 . |
.. b t
| L°5(° Pz loa a 4 loglo Logiof’ : kog o b
|o 'i
i » Log P = bt 4|leg @
a
7 (c) The table below contains some data collected by the scientists. l
|
Year 2013 2015
t 3 5 '
P 10200 12800 |
logqg P 4.0086 A-1072
7 (c) (i) Complete the table, giving the log4g P value to 5 significant figures. |
| [1 mark] |
1 & = Q2018 - 20|00 =~ g s
i Lo P = L goo - “
| ﬂ - o] o IQ = Lf « [0 7 <
| R
1o
|
{
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Do not write
7 (c) (i) Use the data to calculate the value of @ and the value of b. et
. < bt 4 log a lea A= 4.ooyc LAmarks]
bLog (P = b X | S0 3b
|
H.o00¢6 = 3b + log o = ¢-0086 ~2 (o"wq?)
e
log a = 3-&607
~7e
7 LO = ‘00 -3
> 9 52 H {6 L e
L o2 = Sb + log «a S a = (o
<70
-~L P P | = "QSG
A:-locTa = &Y + §-00Cc -3Ip
A-lo12 - 4y.0606 - 3L . a - nmar6
6-00§6 - Zb b « 0-0443
2 A
% b - 6-0493
7 (c) (iii) Use the model to estimate the population of the colony in 2024, {
’ol’) [2 marks] |
P z Cl(!o &= nN256, [5 - o0-°o4q] F. Qoay-~aslo
[ 74
9) {te xO-D‘t’rﬁ/\ !
( - r2Aase ¥ (o
= MNas6e X v«-9 . 38ESYy.TT ¥ 35S55.¢
i
'
5 Fopu(akon fm 202% = 235§558S ’i
Question 7 continues on the next page
i Turn over p
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7 (d) (i)

State an assumption that must be made in using the model to estimate the population ‘

of the colony in 2024.
[1 mark]

The value of He Constant b does not
Change q{h( lo years Hol s 'n 2020

7 (d) (ii) Hence comment, with a reason, on the reliability of your estimate made in part (c)(iii).
[1 mark]

45 not vey rveliable | bpcause 14 ju enly
based on datq fcorr dwo years:

e

}
i
|
|

i

Jun21/7356/1
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8 (a) (i) Show that the equation

is equivalent to the equation

3sin0tan0 = 5cos0 — 2

(4cost - 3)(2cosfl +1)=0

|

Do not write
outside the
bhox

320
58-2) =0
R

SanO+Qn0:5co!0-?_ " I3 k]
{Cos*® — 6 cos® +Y4cosd -
5 inP -
SMO(.S ) S - 2 2(050(L1<osb~33+!(qt0_
i . (dewse - ) (acos® 41) =
35T o Sctos © - 2 )
Cos &
25in?@ = (os® (Scwe- 2>
3{in?® - Scos?B — 2cor0
Q,_H— (ARB 4 CosD -
D $5int® - | —cos?®
£ (t- coyle) = §cof2O _ n(oso
3 ~3CsiB = Scos?P - 2cosb
Scos?® + 3052 — 2Cos®H -2 -0
cos®*® _2¢08 0 ~2 =0
| 8 (a) (ii) Solve the equation
3sinftan = 5cos0 — 2
for —180° < 8 < 180°
[2 marks]
(Z‘C"’@ 3)(2c<>sa +1) =0
4ose -2 -o 200 4 = o
Acre - 23 QA¢os® = -l
Coes® = 3, cos® = 1
7 €
(7 Cof'/é/\ e = Cos"'[—f\
7% ) ; (74)
(] o
® = tuyiy , &= 420

L

Jun21/7356/1
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J" -
; 8 (b) Hence, deduce ali the solutions of the equation
i .. 1 1 1
l 3sm(§9) tan(§9) :5003(5()) -2
for —180° < 6 < 180°, giving your answers to the nearest degree.
° [2 marks]
© = ’_‘__'L!"qo or 1120
©
[ & = 4 41y o [ &= 1126
| o )
© = *+tga. ¥ € = 4 auyo
o
RBat  -180° 2 B £ k0
|
| — S |
- O = 4 g2-¥ |
Turn over for the next question
1
i
'1
L
|
i
1
| :
|
i
| i
1
s
|
|
Turn over p

i

Jun21/7356/1
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9 A curve has equation

a c
—~-~+bx2+—3 forx>0
X X

;:

| y=

where a, b and ¢ are positive constants.

The curve has a single turning point.

Use the second derivative of y to determine the nature of this turning point.
! You do not need to find the coordinates of the turning point.

Fully justify your answer,

[7 marks]
! 17 & 4+ bx 4 C
| 2 s X3
| u - C\d"/l + b 4 c:x“s'
. - —~
| dy - —Laxh 4 2px ~28cx
R— /
PR A
-< -
dly = - x-~3,a.x ? 4 2L 4+ 12cx
d_fl {2 /l
- -5
v 4% = 24 x % 4 ab 4 |2CX
| dx 2 L’
|
AS x7° y a.b and € are also 7 O : vH}UQ_FnrQ

E all Lecars must be ‘POJH'\'UQ-

gt

(.
IV (20 '-.r FOS;HJQ

1
>

/rLf'EF‘(t ’H.,A? +Urﬁ:nq Poict s O Miii MUk .
! 3¢

M

Jun21/7356/1
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|

|

< i

|

|

| i

|

| |

{ {

i !.

i

|

|

|

[

{
i

Turn over for the next question

!

i

! l
|
|

|

|

i i

) |

i

!

|

Turn over P

e
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[ |
5 Section B :
z‘ i
f %
Answer all questions in the spaces provided. }
l
i
pPJd ”’O\V\'{ = 3 + - Ji-l
3 - , -2 =1y
10 Two forces 9 N and 5 N act on a particle. ffﬂ'f € ?
| =171 IN
Find the resultant force. =1
Circle your answer. E
[1 mark]
g
~21 4 107 |
N N N
o) ) )
11 Jackie says:

“A person’s weight on Earth is directly proportional to their mass.”
Tom says:
“A person’s weight on Earth is different to their weight on the moon.”
Only one of the statements below is correct.
Identify the correct statement.

Tick (v') one box.

Jackic and Tom are both wrong.

Jackie is right but Tom is wrong.

Jackie is wrong but Tom is right.

Jackie and Tom are both right. v’

Jun21/7356/1

Do not write
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12 A particle P lies at rest on a smooth horizontal table.

A constant resultant force, F newtons, is then applied to P.

8
As a result P moves in a straight line with constant acceleration [ 6] ms-

12 (a) Show that the magnitude of the acceleration of P is 10ms—2
a:-\|& [1 mark]
6
“
l al = ﬁ ° 4+ ¢
= 100 - |©O
-
- ACc{lcraHmﬁ = 0o o
12 (b) Find the speed of P after 3 seconds.
1 . 1 mark
L-(“'"J (g(,{o\#'o.h °—f mwobon N = U 4 at [ ]

4= 0 aczle E=s 3
3N = o 4+ (o(2)
NV = 30 mS—'

2
12 (c) Given that F — [1 5] N, find the mass of P,

[2 marks]:

> 3 2 |

Moanitude of F - fQ 148 |

' J : |

> 6-2f |

{

t = o B g
| i
! gd'} F = Ma |
| |

25 = ((A) |

(o Vo ?

!

- m = 025 Kg ;

|

|

Turn over for the next question E

{

| |
|
| !
| |
Turn over p

i
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13

13 (a)

i
|
|
|
{

A‘Na above

A car, initially at rest, is driven along a straight horizontal road.

The graph below is a simple model of how the car’s velocity, v metres per second,
changes with respect to time, ¢ seconds.

V4
12 ==

Find the displacement of the car when 7 = 45

D\Upla(emcn* = A’Tea under He carve

1"

[, X 12 x (32 410)
2

[, x1a x 42
72

11

= Q252

Avca lo?[ow - 1/ ¥ § X [qx-.?z)

2

[, x ¢ x 13
.

. 52

D "rPla(Pmenr)- = 282 - §=2

= ZR00 m

i

[3 marks] |

|
!
|
|
|
|
|
i
|
!
l
|
|
i
|
|
|
3
{
|
|
i
i
%
1
|
i

i
|
!
|
|

Jun21/7356/1
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Do not write
outside the

12 (b) Shona says: | box

“This model is too simple. It is unrealistic to assume that the car will instantaneously
change its acceleration.”

On the axes below sketch a graph, for the first 10 seconds of the journey, which

would represent a more realistic model. (
[2 marks]

Va

| 2= - - — — = ——

~Y

!
|

{

|

i

|

{

i

| |
|

|

e

Turn over b

Jun21/7356/1
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Do not write
| utside thi
| 14 A particle, P, is moving along a straight line such that its acceleration ams—2, at any ! e

? time, ¢ seconds, may be modelled by

a=3+0.2¢

When ¢ = 2, the velocity of P is kms—1 !

14 (a) Show that the initial velocity of P is given by the expression (A — 6.4)m s !
N - j - d ¢ [4 marks]

(8}

(3+o-a’c dJt

W

3t +o0-2t" 4 ¢
2

b Nz 3k 4+ 0-ltT 4
\,(JLM {:-:Q, v =X
K = 2(2) + o-l(:’)-’-c |
K = 6 + o0-M +¢C
k 6 4 +C
o= K-~6-4

N/ P 2

EF 5Tt § BE-6° 9

"

<
10
CA

f\'hf'e \I =z € UUL\C N (":, O ) ({'& !‘n;h‘ql e IOC\,H

N2 o 4+ K-6-9

- '\):Q{-—g'q> m;‘

I

Jun21/7356/1
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14 (b) The initial velocity of P is one fifth of the velocity when ¢ =2
Find the value of k.
[2 marks]
K-”AC(\ I ! Veleca b Drf P - K
[ | - K. 64 (z'ﬂ;ka{ Vel“‘.b)
3
K - it ¥ = 6 ¥F |
P l
i g %
oAk = Y |
8/‘ g o € |
K = % |
]
- K - 3
Turn over for the next question
|
|
Turn over p

e

Jun21/7356/1
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15

15 (a)

i
|

[
|
i
{

In this question, use g =10ms—2

A box, B, of mass 4 kg lies at rest on a fixed rough horizontal shelf.
One end of a light string is connected to B.

The string passes over a smooth peg, attached to the end of the shelf.

The other end of the string is connected to particle, P, of mass 1kg, which hangs
freely below the shelf as shown in the diagram below.

Wall

Peg

Shelf

B is initially held at rest with the string taut.

B is then released.

B and P both move with constant acceleration ams 2

As B moves across the shelf it experiences a total resistance force of 5N

State one type of force that would be included in the total resistance force.

fheld-

M

|
|
|
|
i
{
|
|
]
|

|
|
i
§
!
|
{

[1 mark] |

‘:vfckOtn {Afce Iof{*ween B qncl "’CP lneav\'L()r\‘f'CJE

1
i
{
|
i
!
i
i

Jun21/7356/1
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15 (c) When B has moved forward exactly 20 cm the string breaks.

) Do not write
15 (b) Show that a = 1 | ourstr,c;:rne
(.' [4 marks]
net - M
foc B
— . ‘
i - ‘5 T 4 a --- (v i
. A ;
| 1" |
! l - mq = m(—a«) |
1 ez —a - o) =) T——(leo)-:—Q ,‘?T-ﬁ-lO:»Q
< -
J(O\vimL (1) omc’ Cf") \(:NL"'lGV\COcHL_&j
orm (1) T = 4a +5 |, veplacing IJr fal 1)
T T L=
4dg 4 5§ 10 = -a
Baz 5
| gL 5
| ;
| v & = |
i
i
|
|

Find how much further B travels hefore coming to rest.
[4 marks]

\felodﬂ of B betore Ko Sheivg beake:
u"“j pquakion Of pnokem N "=z U+ 2as |
U0 , &z | {=- 20 - o'i.?

Vi
1} —

[OO

NT - ey
e =3
i T 0" Y My

Acce\tvakon o4 B aH—cV Ho \“'Tn'r\? Lweouu

F = __ra |
il 5 = /4, a f
,a 7,_}2 Turn over p

L UL .

a = -|-235

Jun21/7356/1




| | oyt s
| g"’\;“j He Olfﬂ’wwc-e be fore B comes ¥ vest: e
U 2 a3
Voo U= Tp-yg f z ~1-25 5o
@ -(:)2+(7\)<-1-15‘/\§

15 (d) State one assumption you have made when finding your solutions in parts (b) or (c).
[1 mark]

{)/n\cr( X o our fe::‘.s{-ame 'LD H’A’ Mmohon
2') .ﬂ“rfnz\ s inextensble .

END OF QUESTIONS

|
{
{
{
|
|
{
|
i
{
{
i
!
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