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Materials
For this paper you must have:

Morning Time allowed: 2 hours

o The AQA booklet of formulae and statistical tables.

e You may use a graphics calculator.

Instructions

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

e 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.
Do not write outside the box around each page.
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 100.

Advice

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 the gradient of the line with equation 2x +5y =7

Circle your answer. Sy= 7-2¢
= 3 = 1 _ ?;-I
T 5
2 i 2
5 2 5
: 2 )
Acurve has equation y=—= = 7 o ?
Jx
. d}’ . -\ A
Find E :> (iﬁx_\ - (2 2) x
Circle your answer.
Jx =L

oy o

[1 mark]

[1 mark]
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When @ is small, find an approximation for cos3@ + sin26 , giving your answer in the

form a + b6?
[3 marks]

cosB = 1- 306"

5:0'26: 26
ag* 2
5 cos3P +0sin2 % |- = + 28
= | -36"

Turn over for the next question

Turn over »



4 p(x)=2"+7r? +2x-3

4 (a)  Use the factor theorem to prove that x + 3 is a factor of p(x)
[2 marks]

‘é XA 3 ‘J.S.. __.A_‘L&(J:nr 2 ‘D(‘B) =0

,D(-3L: 2_(-%)3 + A3 2 (=3) - 3

= -S4 462 - -3 =0.

D XA3 s o Lackr of 9 (x) -




3, 5.2
4 (b)  Simplify the expression 2*_* :’:2 Sl , X# i%
x© -1

[4 marks])

;\_@@(Z‘Y‘i +oc - )
(?_ar;ﬂ)(’?_ac- 0)

LDz ™)@ +1)

(20 +1) (1Y)

I

1+
~I-

CSBIED
(24 )]

A oc *

Nt

I

Turn over for the next question
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5 (a)

The diagram shows a sector AOB of a circle with centre O and radius r cm.

The angle AOB is ¢ radians

The sector has area 9 cm? and perimeter 15 cm,

Show that r satisfies the equation 2#> —15r+18=0

A: J’; rle ) (= r‘9

(0= IR e y 2c+ 00 = IS

D 2c 4+ ¢ - IS

S 2P+ 18 ISc
= 2 - 15c +18=0.




5 (b)  Find the value of @. Explain why it is the only possible value.

[4 marks]
Salve 2rt —\Sr 418 =0
=) == 3/1 ) o .
3
== /2, = @ = 8.
Since ¥ 721, BO=FF.
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S

Turn over for the next question
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Sam goes on a diet. He assumes that his mass, m kg after r days, decreases at a rate
that is inversely proportional to the cube root of his mass.

6 (a) Construct a differential equation involving m , r and a positive constant & to model this

situation.
[3 marks]
dm /
e DC-' _q‘_‘_ 3,[5 - L o
- B R
d.t - 3\' m
Negossve Sign 7§ Ne cesSoxy af
U J J
£k is o g posibve  ConGhomt.
6 (b) Explain why Sam’s assumption may not be appropriate.
[1 mark]

Sen QSsumes s ppass WA dlecrecse

:ndeﬁ,\:@% .
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Find the values of k for which the equation (2 —3)x” — kx +(k —1) =0 has equal roots.
[4 marks]

_For  equok rmk, b -kec =q.

R~ 4(2e3)n-0)(z_0O)

R~ Bh* +20h ~v - (=0)

- Rkt 420w -\ .

TR 3 - 200 2 =0 .

20 % Ju4co— 3¢ (’/
D L - =20 = 7l2'

e

Turn over for the next question
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8 (a)

8 (b)

Given that u =2 , write down an expression for d—u

10

[1 mark]
=S o
de = 2 \nl.
A 1 X X
Find the exact value of LZ ,/3 + 2% dx
Fully justify your answer.
[6 marks]
s T, .
led o= 27, &= 2%\n2
Adw
D Qoe= 9%\ =l D w2
X0 S u=\
]
oC x
’.:j s Z \;34:7. doc_
L AU
= ( V4 \]34—\& ol
N
- - L
\
- Sﬁ UA du . e
\ 3 T 3 3,
2. A 2 A A
:‘éﬂg,tﬂ;__.‘_@}_’ﬁz)_.;T_W, = ..3!93;(5 . ,‘-.-.-.f':,w N
2
= ? N (S‘r— - %)
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2x+3
4x% +7

9 A curve has equation y =

., dy
9 (a) (i) Find E
[2 marks]

QUGH ent cule w=_2xc+3 | ve  boct+71

L

LA.\: 2—, \/: 8x_

OL‘J{_. _ ?_(‘DC’“-\-‘B -— goc(’l-bt'\:“:) / \Y = 2ipae — %DC:L\
ax ~ _ = -
(4" +) \ (ux™+D /

7

9 (a) (i) Hence show that y is increasing when 4x? +12x-7<0

[4 marks]
(o2 > O, fe ol oc.
denotinoter . ‘L/‘r\umarakor
4 — oty - §x= 2 O
S Lyt +lx -7 <O
e 70, s 7 / when
aoc ) (-Q. EA) K moreaffn\j!,

e 4\ =1 O o
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9 (b) Find the values of x for which v is increasing.
[2 marks]

bx*y Roc=T = \/loc»r")) (zx—l)

'/7_

) Xeaxr = '/1)

Test o walve _hehween, ie.  x=-2.

\x:"l% %: 6.

—_

IS Tncaeasing
J

-7 l/
y Lor < X2 A

Turn over for the next question
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10 The function f is defined by
f(x)=4+3", xeR

10 (a)  Using set notation, state the range of f
P m‘m(?’():O 2 & m‘.r(Q(x)):L‘, ) [2 marks]
(:)C: o7 3QC€Q)

AN

10 (b)  Theinverse of fis ™

10 (b) (i) Using set notation, state the domain of f -
[1 mark]

(2 xve) x e ®).

10 (b) (ii) Find an expression for f™'(x)
[3 marks)

Ler [0 =y= 4x3 | o
Smiplee 9 = L4430

> 32 - x-4

D L (=)= oy
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10 (c) The function g is defined by
g(x)=5—\/; . (xeR:x>0)

10 (c) (i) Find an expression for gf (x)

[1 mark]
-x)
oL (x)= (3
N A,
= S - | 4+3
10 (c) (i) Solve the equation gf (x) =2, giving your answer in an exact form.
[3 marks]

S— \J ‘-l--r'3.x =20

o5 Ju+3* =3

)

> F u 43 =g

5 g'x.‘: S

=2 X = -\oogS .
-

Turn over »
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1" A circle with centre C has equation x? + y* +8x—12y =12

11 (a) Find the coordinates of C and the radius of the circle.

(x +W) -6 & (4-6)"-36=12

[3 marks]

- Gcta) =+ (:4)—'0)1: bl

> Centre : (-1, 0)

Raclivs z  Jew =8
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11 (b)  The points P and Q lie on the circle.
The origin is the midpoint of the chord PQ.
Show that PQ has length nv3 , where n is an integer.
[5 marks]
L ¥
OC "= Jua> = Js2 R
. R / );_m_ﬁ
\ n e
r*= 0P" +roc* I —
b4 = 0Pt s
D 0% =dn .

- = 2J\2 :LHG-

Turn over »
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12 A sculpture formed from a prism is fixed on a horizontal platform, as shown in the
diagram.

The shape of the cross-section of the sculpture can be modelled by the equation

X+ 2xy + 2y2 =10, where x and y are measured in metres.

The x and y axes are horizontal and vertical respectively.

~ty\O ---c - -
3—
I

:j :-m

Find the maximum vertical height above the platform of the sculpture.
[8 marks]

at 2oey 4’13’ =10

a4 d A A
> m® 4+ vy rzma = oax \©
— &y

D 2 4 2y 4 2 ¥ M = 0. _
o
=) —',1_'?,: (- ng —’L:c} = Q_OC—\-'Lj
ﬁ —(:r,*j)

o o]
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19

Prove the Identity cot? 8 —cos? § = cot? 4 cos® @

m_.C,O_{:Q cos'O

[3 marks)

. :‘ R Slr'ﬂe — CJOS 0

0030 (G

= c,o,s__.e,_(gg_s_g_c:_a-, y
= oSl wt'e

Turn over »
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14 An open-topped fish tank is to be made for an aquarium.
It will have a square horizontal base, rectangular vertical sides and a volume of 60 m*
The materials cost:

o £15 per m? for the base
o £8per m? for the sides.

14 (a) Modelling the sides and base of the fish tank as laminae, use calculus to find the height
of the tank for which the overall cost of the materials has its minimum value.

Fully justify your answer.
[8 marks]

e+ C  be cost, OCbe,JA&/enj}haFm
bose  Sides h e MSM—

C = ISx* + 322H

Volume - x*h =60 = h-=

1220

C= i1sx* + =
dc |
dx = 30x - 1920x" (=0 , b e awaoww)

a 30~ (920 =0

> o= 6 D x=4m.

O
-Q h= %’E = 3-78w

dar¢ '7-3 7 . o »
ot = 30+ & 3840x 70, o Has B He

volve of W 'pn{ ‘K/\Q R AITANTL LY ' T MM&“&-‘._QQ.Hﬁ_.-.CL__L__*_,_____R_,
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14 (b) (i) In reality, the thickness of the base and sides of the tank is 2.5 cm

Briefly explain how you would refine your modelling to take account of the thickness
of the sides and base of the tank of the tank.

[1 mark]

 The sidec vl nged Yo _ovecap ) SO

w2 egive  hwo  fide l@njm*@__,_

~ be X 4+ 0-05 cm-

14 (b) (1l) How would your refinement affect your answer to part (a)?

[1 mark]
The  ommmona - COSE WG\ Tacease S\is\r\k\:;,

. bu‘\' — vﬁO‘S’_ Sy S(Q&L(M\‘\' \3 A

Turn over »
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15 The height x metres, of a column of water in a fountain display satisfies the differential
i dx 8sin2t , . " .
equation — = , where ¢ is the time in seconds after the display begins.
7] _T—3 . play
15 (a)

Solve the differential equation, given that initially the column of water has zero height.
Express your answer in the form x = f(¢)

[7 marks]
S 3fx dx = Rsindkdk
S) SB& d< = Sq'mit Ak
S| 23(‘_3/1 = = Lco32k + C

2 O = - 4L ¢
D =4
3,
> 2xt = A& — 4cos2t
3,1
= X T 2 - Qcosltk

—

')./3
> o= (2-73cos2b)




15 (b) Find the maximum height of the column of water, giving your answer to the nearest cm.
[1 mark]

NO\\( \«.G\q’ \’\“' = L\-mlg - Q_S(Z A

Turn over »
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16 A student argues that when a rational number is multiplied by an irrational number the
result will always be an irrational number.

16 (a) Identify the rational number for which the student's argument is not true.
[1 mark]

G

16 (b) Prove that the student is right for all rational numbers other than the one you have
identified in part (a).
[4 marks]

[ef& o  be Lo onad auncl b be
C
roFonol , _suwch thek b= A&, Cd e Z 440.

Assunne ab T rofonad . e
P
ab:g ) P,%ez)iio

c_ P
> ad= g

oo

27 az C‘qv N

S o % mhReaad; wMh  conbadich

e TAKed aSSumphon.

D 0D must be e casfonal
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17 f(x)=sinx

Using differentiation from first principles find the exact value of f '(%)

Fully justify your answer,
[6 marks]

Sin (acan) = Sin(x)
fshoo, £ (o) = ——— -

X+h =

= Sinx coSh +RX Sinh = Sinx

SR h ESI—
- \
> () = [%cosh +& qon - ‘{\
o —")
h——)’z [ h —/
_ ’| 'coSk-|> R AN
Zlin[7 ( h )T W )
- ha0 )
_ s
z e - )

END OF QUESTIONS
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