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Materials

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

¢ You should have a graphical or scientific calculator 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.

o Answer all questions.

¢ You must answer each question in the space provided for that question.
If you require extra space, use an AQA supplementary answer book; do not
use the space provided for a different question.

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

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

Information
o The marks for questions are shown in brackets.
e The maximum mark for this paper is 100.

Advice

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

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

Find an expression for ?
X

Circle your answer.

[1 mark]
| dx 2x dx dx «x
|
| |
f i
! 2 The graph of y = 5" is transformed by a stretch in the y-direction, scale factor 5 *
! State the equation of the transformed graph. i
|
' Circle your answer. ;
[1 mark]
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A periodic sequence is defined by U, = sin (E)

2
State the period of this sequence.
Circle your answer.
[1 mark] |
8 2n @ |
The function f is defined by f(x) =e* 4, xR
Find f~1(x) and state its domain.
[3 marks]
c(x)=e*™"
o
X =&
e
(/\ (9 ) = a_y
== W/( 4) 1 ¢
= L) dn () + 3
Turn over for the next question
1
|
o ~ Turnover»
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5 A curve is defined by the parametric equations
x=4x2""43

y=3x2-

5(a)  Showthat & = _3 » o2
dx 4

3. (D x©

[3 marks]

8

% = A 278

A T
D %29

~ "} ?—6
e x?

5 (b) Find the Cartesian equation of the curve in the form xy + ax + by = ¢, where a, b

and c are integers.

[3 marks]
% =l " "XT e U wlg
o S . 28 s Bngt
x;?: 5=k ° % S A

r%
gl
w
]
~
{
Xz
1%
N~
)

(7—3\/\% 8) =1L

1‘3 + Sx "2:4, -5 <=2

xy tEx -3y = 2F

i
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(a)

(b)

Find the first three terms, in ascending powers of x, of the binomial expansion
1
of
4+ x

[3 marks]

1
Hence, find the first three terms of the binomial expansion of
P V4 —x3
[2 marks]
-_ & . 3 3 €
= T 1§ > 4+ 2s¢ X 3
3
( 10 S T )
Question 6 continues on the next page
7 = ~ Turn over b
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6 (c) Using your answer to part (b), find an approximation for J dx, giving your ‘
gy part (b) PP g g ¥ |
answer to seven decimal places. 1
[3 marks] |
1 ( _ ,
o ot dx = \
J " 2 13 - !
5 o J‘Z + g X 4 3B X Adx = i
p A e L s E i i
[—19‘+ G E  tEe® e b |
A an 7 ‘
= + [ + (92 — ‘
0.5[F229) \
| |
| |
6 (d) (i) Edward, a student, decides to use this method to find a more accurate value for the

e

integral by increasing the number of terms of the binomial expansion used.

Explain clearly whether Edward’s approximation will be an overestimate, an

i
|
|
underestimate, or if it is impossible to tell. \

[2 marks]
Eod on M.%me‘
i tetiony negle Wl Bohigl i,
so  Edunoad's aperesimalics M boe _on
_rdoreheale

£ i RS S = i , s S e

Jun18/7357/1




B TP CCATET BV A 0

S LS TR

R R R . s~

D L

7
B E v === Do not write
. . outside the
6 (d) (i) Edward goes on to use the expansion from part (b) to find an approximation ; box

1
for JO —dx
-2V4 —x3 |

Explain why Edward’s approximation is invalid.
[2 marks]

o - 4
e 2l
EAPEN

2 2 Y >

r

co'-Zerét;\/au\g&-

; Turn over for the next question
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7 (b)

7 (b) (i)

T

8

e e e | Do not write
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Three points A, B and C have coordinates A (8, 17), B (15, 10) and C (-2, —-7) | box

Show that angle ABC is a right angle. 3
[3 marks] |

AB? = (9% 4« ((F~0)" =FUF=katq= a2
BC®> (-15) L (-3-10)2= (3% (3= g0 209532 |
AC? = (-0 + (34125 (074 W =100 £ 56 =3¢ |
538 +99= L 1§ |
Cenve, ABC & a el o gled

P
- |
W i
|

\

|
|

A, B and C lie on a circle.

Explain why AC is a diameter of the circle.

[1mark]}
T agte subbomded by o dgiedss i 0%
arnd  ABL & o mght - angls bracgle .
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9
- 7 (b) (i) Determine whether the point D (-8, —2) lies inside the circle, on the circle or outside
‘ the circle.
Fully justify your answer.
[4 marks]
A (g/ J‘\ C (‘-l,*q’)
D (e ke o }m 3.5
: . 6% . ¥
'QAJLM & L T = (3 = \ﬁgz(
DM g/o« G hre s (’ g, = L)
(CY- "y (=2=50". =
Ve 5 =
VUt 6g=
Vi3 > Jisa
Turn over for the next question
|
|
i
|
- ~ Tum over »
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8 (a)

mi

10

The diagram shows a sector of a circle OAB.
C is the midpoint of OB.

Angle AOB is 0 radians.

A

\0\

o C B

Given that the area of the triangle OAC is equal to one quarter of the area of the
sector OAB, show that () = 2sin0

[4marks]
Trm,ié/& tes = ObsC
Use & ot mxm o riily
@A:f‘, . = '%r‘ Ps v
Reberngile. ion a5 {"”(1""\;9;(9
& e 7 s s 0
Coile, Boem = - 2P
% gt e mpries ©
‘g(’rz@ = ‘I‘Eftsc.&
Qe 8= & -
fr—
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11
8 (b) Use the Newton-Raphson method with /4 =, to find (3 as an approximation for 0.
Give your answer correct to five decimal places.
[3 marks]
c(d)= a-rs.@ =0
C { (0) = / - 166‘5'(9 -
e . B ~ L5 9
Tlorotlips i S = &, (- 2cos Oa
- 2¢l ™
<9 2 = 7 ¥ (- XeoTmt
- PR . R
= o { A
a b
m= 3
- X
- 3
@ 2= LS Tl it AN
3= 3 (— 2 eos (P73
G a=d-91 87
8 (c) Given that (0 = 1.89549 to five decimal places, find an estimate for the percentage
error in the approximation found in part (b).
1 K
Loar3r2 — |- gqSkq fmark]
vYyeyr™ = @ . q 2 g%
Turn over for the next question
’ LS ~ Turn over b
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9 (a)

e

12

An arithmetic sequence has first term @ and common difference d.

The sum of the first 36 terms of the sequence is equal to the square of the sum of the

first 6 terms.

Show that 4a + 70d = 4a2 + 20ad + 25d2

[4 marks]

Se = 20 ¥5d) » & 154

Sz = (8(22+35d) = 3a +630d

]

2ot €304= (60 +154)°

Blo Ltz ds REa 1 180ad 553"

ben i Sind & Yea®™ 4 " Pdad 50D

ird
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9 (b)

[ — — = — Do not write

Given that the sixth term of the sequence is 25, find the smallest possible value of a.
[5 marks]
At 5l=25 5 o= T2
U -a 15— Eea N |
kot 70552 2ba+202(5) + 15 G |
leo + |4(250) = ba® + ko (25-=) + (215-a)
o + 350 Ik o = ko 4 (00a - ko’ ya-50a+¢es
S50 -(Oa = a’+50a + £25
o + 60a +1¥5=0
Ca 5| atBs) =
O~= - 5 A = gg
= Mw & e & = SS
Turn over for the next question
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10 A scientist is researching the effects of caffeine. She models the mass of caffeine in
the body using

m = moe ™M

where mg milligrams is the initial mass of caffeine in the body and m milligrams is the

mass of caffeine in the body after ¢ hours.

On average, it takes 5.7 hours for the mass of caffeine in the body to halve.

One cup of strong coffee contains 200 mg of caffeine.
10 (a) The scientist drinks two strong cups of coffee at 8am. Use the model to estimate the |
mass of caffeine in the scientist's body at midday.
[4 marks]

- RE

M = ’)’SO/“‘G ebnatn .

e
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10 (b)

10 (c)
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o g = e = 3 i 2 | Do not write

The scientist wants the mass of caffeine in her body to stay below 480 mg

Use the model to find the earliest time that she could drink another cup of strong
coffee.

Give your answer to the nearest minute.
[3 marks]

LHQOQ'%%& 2 28
e,—'%s;‘lé £ i0- 2
L < lg (o 7)
A N 73 |
£ P.H 35
2k . S6

State a reason why the mass of caffeine remaining in the scientist's body predicted by
the model may not be accurate.
[1 mark]

On{%”@vé People prexesc Ca.%,%o,u;p_ ak
Ao b atne

20

Turn over for the next question
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11 (a) (i)

11 (a) (i) Use the iterative formula T, = ./607,2 +

16

The daily world production of oil can be modelled using box

' 5\t

where V' is volume of oil in millions of barrels, and ¢ is time in years since
1 January 1980.

The model is used to predict the time, T, when oil production will fall to zero.

Show that T satisfies the equation

T— 3/60T2+162;)00
16 Lo ls) S0 EE) = o .
So(3s) s (o400 GE)’

[3 marks]

SovY T ] (coT *
2Cce = (04 TRees
=7 - >

(‘é)oo =2 A0 % T8

Tk - 142000 + é0T7
T op 5 er

R = 3/60'(14 -‘—“67'5,.90

162000

, with Ty = 38, to find the

n
values of Ty, T, and T3, giving your answers to three decimal places.

[2 marks]

"‘l s b Co38” i L“%&g}“‘-

S S lklf. q€ 3

T2 = ":/;okhrle.?631 #‘%
TZ: L('Q,qgl !

1 (6 &
T = 3/ 60x%68Y ¢ ~ (o

3 =5%3.50k |

m '! Jun18/7357/1




11 (a) (iii) Explain the relevance of using Ty = 38

11 (b)

n

17

J
[1 mark]

SR repregp k Lo ysor 0\K |

|

From 1 January 1980 the daily use of oil by one technologically developing country
can be modelled as

V=45 %1068

Use the models to show that the country’s use of oil and the world production of oil ‘
will be equal during the year 2029. |

. [4marks]I
(o4 (00 ([£) e-6o(4 Vale 5w r0er®
Lts . RE&S .
koled o8 €9 .€1 c= %944 278 |
(=50 g.. %%-U¢ t=50 q., 4S5
Co Ltz g Sof '
Turn over for the next question
Turn over p
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12 plx) =30x3 —7x2 - 7x + 2
12 (a) Prove that (2x + 1) is a factor of p(x)
[2 marks]
Eocckar il orinss dc x4l 9 o gochor o
p(-2) =0 |
p(2):E30(F)7-3 (L) -3 (2) +2
5= Rgl+t ) 8D v lE)
- BL_2 .10
= TR L EE T
=0 =
12 (b) Factorise p(x) completely.
[3marks]‘
plx) = C2x+1)(5x" == +2)
?(f): ek By —2Y(3x-1)
\
r
i
I
I
I
\
!
|
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12 (c)

19

19

Prove that there are no real solutions to the equation

i
[

30sec? x + 2cosx
7 =secx + 1
30 Mo H2eov [ macks] |
=1 T Sec A\ |

B30 cec*x Ao X=@ FSeex + 3

30 see’x 4+t = Fgee Tx 4+F See x

-

2kae s Liges " ' Tiga, e 2O

{ Peses £l Senp o ~NE Réee s~ =0

-1 i€ 2
Cow = =, =, &

Turn over for the next question

|

Turn over »
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13 A company is designing a logo. The logo is a circle of radius 4 inches with an
inscribed rectangle. The rectangle must be as large as possible.

The company models the logo on an x-y plane as shown in the diagram.

yA

T

Pl
U
Bk 2

Mg

Use calculus to find the maximum area of the rectangle.

Fully justify your answer.

[10 marks]
B cecalie
»*
7 S )\
( /
\ /
X Z
\ /

i
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'Xi:g
5.5 i?.ﬁ
e orduy r~odrac

A= n = , %‘: -"(—(QI .
S H=Ue 4 o emmmmg
x4y - g
E+y"=¢
y'=2
g & LB

Turn over for the next question
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’[ 14 Some students are trying to prove an identity for sin (A + B). i box

They start by drawing two right-angled triangles ODE and OEF, as shown.

———memeee==D

m
i
1
1
ol
o

8
D

> || N {
(o]

The students’ incomplete proof continues,
Let angle DOE = A and angle EOF = B.

In triangle OFR,

RF
Line 1 sin(A+ B)= OF

RP + PF
Line 2 = OF

DE PF
Line 3 = 5,:.+ OF since DE = RP
Line 4 ~%x-'l+P—Fx§E

e OF EF" OF
Line 5 Wi +cosAsin B
14 (a) Explain why g; P -g-f-__ in Line 4 leads to cos Asin B In Line 5

[2 marks]

COGR = < FQE  vetialty oppersie

<ope-<fe@ = 0"
Se < EPQ A . |
H ema &(—i = cos(A) . |

m H Jun18/7387/1
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14 (b)

14 (c)

14 (d)

23

bd, Uongr OFF, SF -5 ¢y

Complete Line 4 and Line 5 to prove the identity

Line 4 =6§XW:+§-'XO_F

!

|

DE _OE PF_EF |

..... i

1

Line 5 =52 A¢53B +cosAsinB |
[1 mark]

|
|
|
|
\
|
|

Explain why the argument used in part (a) only proves the identity when A and B are
acute angles.

[1 mark] :,

Another student claims that by replacing B with —B in the identity for sin (A+B)itis
possible to find an identity for sin (A — B).

Assuming the identity for sin (A + B) is correct for all values of A and B, prove a ‘
similar result for sin (A — B).

[3 marks] |

S (A48) > sc Aces B+ ox A s B i
s (A-8) 5 ' Acos (B) + cos(a) el - P) }
Css(-8) = C’oz(ﬁ) l

5 -8 250" (6 ‘

sC (a-B)= SAAExB - cepc B |

1

|

|

: Tum over »
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15 A curve has equation y = x3 — 48y
The point A on the curve has x coordinate —4
The point B on the curve has x coordinate —4 + A
15 ()  Show that the gradient of the line AB is /2 — 124
[4 marks)
At o, (~4) " - e9C-1)) =
(-G, =gt +192) =
(=%, 12%)
B (b, (-tdh)’- LQ(~bsr)) =
(~tedh, 6l +48L -12L 3 L rar L) =
(cbtb, 00— 2t H2B)
Copdang = o TPV LRET L
15 (b) Explain how the result of part (a) can be used to show that A is a stationary point on
the curve. [2 marks]
Crodudok oy eone & guen by L'-2L
As L O, SlCh N0, o Mo imend i
ok A L O. Hei—\..m,, Ao o Soabore,
ponk .
END OF QUESTIONS pimam Ll 0
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