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Materials

For this paper you must have:

e The AQA booklet of formulae and statistical tables.
e You may use a graphics calculator.

Instructions

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

¢ Answer all questions.

e 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.

e Do not write outside the box around each page.

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

e Do all rough work in this book. Cross through any work that you do

not want to be marked.

Information
e The marks for questions are shown in brackets.
e 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.

1 Find the gradient of the line with equation 2x+5y =7
Circle your answer.
[1 mark]
2 S S
5 2 2
2% +5y=3
3 Y= -+l
I e RS
A curve has equation y = i
Jx
Find Y
Circle your answer.
[1 mark]
Jx 1 1
3 X\/; 2x\/;
\
\J: }— -2x'Z
Jx
-3 -3
oi‘é -.‘.('Lx i):"x z = - |
ax 2
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When @ is small, find an approximation for cos 36 + @sin260 , giving your answer in the
form a + b6?
[3 marks]

C0O330 + OsinZO X \- (36 + 6(26)

2
=1- 20 +26"
:l—iez
2

Turn over for the next question

Turn over »



PhysicsAndMathsTutor.com
4

4 (a)

p(x)=2x>+7x*+2x-3

Use the factor theorem to prove that x +3 is a factor of p(x)

2(-3)2 +3(-3)" +2(-3)-3

[2 marks]

p(—3\

-4 +63-6-3

0)

\u

Since p(-3)=0, x+3 is o factor of p(x.
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203+ 7x% + 2x - 3

, X#T
4x% — 1

4 (b) Simplify the expression

1
2
[4 marks]

The numerafty oS o factor Of  X+3 5o we can faCiodse ovr oGH3:

2%+ % -\
A+3 12203 +3x2 $2x-3
-(2x3 +6x*)
0] x +2x-3
- (xX*+3x)
0 -x-3
—(-x=-3)

O

So, 1x3 +3x* +2x-3 . (oc43N2x+2x+D) _ (a+ 3 2x-N(%x+1)
4xt -\ (2%-1) (2%+1) (23+1) (2% -1)

= (2c+)(x43) | with x+ -1 .
(2x+1) ¢

Turn over for the next question

Turn over »



PhysicsAndMathsTutor.com
6

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

rcm

The angle AOB is € radians

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

5 (a) Show that r satisfies the equation 2+ —=15r+18=0
[4 marks]

18
Area =302 =4 = Q= —

Peximeser = arc tength + 21

15= r0O +2r

l5=r(lf-z\,+7_r

15r= 18 &+ 2r?

2r2 —\5r +\18=0
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Find the value of @ . Explain why it is the only possible value.
[4 marks]

5 (b)

2rz -\5c+\8:=0

(2r-3)r-6)=0

r=3 & r=6
A

©0
-—
o0
n

l

ey
q
]
o>
@
(1]
N
W
o~
NI-

(V]

Turn over for the next question

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

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

situation.
[3 marks]
dm - - K
dt ym
6 (b) Explain why Sam’s assumption may not be appropriate.
[1 mark]

He s assuming NE masgs wil  conhinve Yo decrease  wwich (s

not veoltsHc, loss will  glow down.
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Find the values of k for which the equation (2k —3)x* —kx +(k—1) =0 has equal roots.
[4 marks]

(2x=3)x2 —kx + (k-D=0

To Vhove equod roots, the discriminont b-40C  must eqpar  O:

b%-4ac = K* - & (2k-3)k-N =0

K -4 (2x2-5k+3)=0

Ikt —20Kk+12 =0

(3k-6)(k-2) =0

So, k=6 o k:=2.
3

Turn over for the next question

Turn over »
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Given that u =2 , write down an expression for a

8 (a)
[1 mark]
u=2%
du = 2*|n2
ax
8 (b) Find the exact value of J: 2"3+ 2" dx
[6 marks]

Fully justify your answer.

S'Z"de

[
LC" \A=Zz: ﬂ :Z_’:\v\z =) dx: \ A\A

dx 2%1nl
When =1, w=12

x=0, w=1\.

2 2 1
B l . _L— d = 1 '
Se w3y Uunl " S'I (3+wW)* fn2

K §
ot A 11z 'z
=T.T£[. (3+WE du = Tag | 33+

-3 | (55)-(8)) = 55 (55 -9)

du

~
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Turn over for the next question
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2x+3
9 A curve has equation y =
a a7
. ., dy
9 (a) (i) Find —
(a) () .
[2 marks]
By tve guokent vue:
dy = 2 (4xt+3) - 8x (2x+3) — Fx? + \% —16x2 -24x
dx (4xz+3)* (4xr+3)2
= 2(3 - 12%-4%?)
(4xt+3)?
9 (a) (ii) Hence show that y is increasing when 4x* +12x-7<0
[4 marks]

(422 +3) 20 for am x

We also need +the numerolor Yo be 7 0.

So, 4-12x - 4x* 720

= bHGxt+ux-3 40

In_*wis (oge , dy 50 and s0 Y is increasing.
dac
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9 (b) Find the values of x for which y is increasing.
[2 marks]

3
Gt y12x-3 <0 1 |

(2x-D(2%x+3) 40

\ ~ E/
2 —
Critical valves: x:l: . x:'.z_ lk— v

Turn over for the next question

Turn over »
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10 The function fis defined by

10 (a) Using set notation, state the range of f

(c: x5, xeR)

f(x):4+3_x , xeR

[2 marks]

10 (b) The inverse of fis

10 (b) (i) Using set notation, state the domain of £

[1 mark]

(xz xr24%, xelR)

10 (b) (i) Find an expression for £ (x)

G437

[3 marks]

(A=
1]

4 4379

=

' (x) = - log, (2-4)

-
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10 (c) The function g is defined by
g(x)=5-Vx , (xeR:x>0)

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

[1 mark]
94 (x)=5- Je+3x
10 (c) (ii) Solve the equation gf(x) =2, giving your answer in an exact form.
[3 marks]

Turn over »
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11

11 (a)

A circle with centre C has equation x* + y* +8x —12y =12

Find the coordinates of C and the radius of the circle.

A+ Yt + Bk -2y =12

[3 marks]

9c7-+8x+37--l2\_4=\2

(x+4)? -16 +(y-6)* -36= 12

(x+ W + ly-€)* = 64

Centre C: (-%,6)

Rodi Vs : —6: =3
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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 n/3 , where n is an integer.
[5 marks]

8.'

OC:={4+¢ =52

CQt = OC* + O&*

rz2 =52 + OQ*
oQtr = ¢ -S?2 =12
0a=J1z2

PQ:=200 =212 - 43

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

X2+ 2xy + 2y2 =10, where x and y are measured in metres.

The x and y axes are horizontal and vertical respectively.

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

x4 2xy + 24210

Implicit diffeventiakion: 2x +2xdy + 2y + ‘\-g dy = 0
dx dx

The maivaum  amd waxamumt - will  oceoy . wmen % =0:

2% + 22 (0) +2y + 4y (0)= 0

2y =-2x
J

"

-

\S |
J

Substitute  Yy=-2¢  back into  the original equakion:

v

x? 4+ 2x(-x) +2(-x) =10

%t -2x% +2xt =0

x2 =10
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13

A= *-’JT(;

Sinte y=-x, y=*{ip.
J J

S0 the highesr poiat is or J10 ond the lowest is ar -JT0

SO twe distoncCe betweew these points is
J10 - (-06)= 216 m

Prove the identity cot? & —cos® 6 = cot® 6 cos” 0

[3 marks]

RHS = cot20¢ostO = cos?® (cosect®-1)

\
costo (sime — ')
|

- ——

- &mg_e - COS"B
cot2@ - cos2@ = LWS

Turn over »



PhysicsAndMathsTutor.com
20

14

14 (a)

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 m3
The materials cost:

o £15per m? for the base

o £8per m? for the sides.

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]
Let r lbe the sides of the \ose.
\
—" Let L e tne weight.
Cost: C=15¢2 +8(4rl) Joluwe 60 =r2{
C= |5¢2 43¢ | - 6—0—
rZ
C=15v2 + 32r —6—0-]
V)

C =15¢2 41920

dar e

) L aC _.
COSF _is pinivaised  when T =0:
O= 30r -1920

re

1920 = 30r
2

1920
3 = 30~ 6'1’ 2r=bk




PhysicsAndMathsTutor.com
21

Height - l - 60 -335m
q_z

We weed fo check rnak this vale of £ gives o winimvm ond

NOF 0. YWAGXLYWUM :
d*C =30 +1920(2)

drt rs

At r=%, d®C = 30+ 1920(2) =90 Y0 so it is o winimum
dr? 43

Thevrefore, the neight shovid be 3.35m

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]

To SHCK twe sides +09eHAevr -Hr\gg will ieed {0 ouerlap . Two
Of 4he Side lengthf will wneed to loe X + 0.5.

14 (b) (ii) How would your refinement affect your answer to part (a)?
[1 mark]

Ik wil cost  sWignily wiove o5 the sides ove slightly larger.

Turn over »
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15 The height x metres, of a column of water in a fountain display satisfies the differential

in2
equation dr _ 8sin2t , Where t is the time in seconds after the display begins.
d 3Jx

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)

[7 marks]

dx . Fsin2t
ak 3y

IJx él‘. = N2k

&‘ 3& ax = 585{“7& dt

x-} = 8[-%(032&] +C

3
2X* =~ 4 cos2k +c

)
LN‘N

At t=0, x=0 : 2(0)

=4 cos(0) +C

=%

w

2% = -4 (cos2t + &%
3

A = 2 -2cos2t
z
% = (2- 2(08?.{:)3
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15 (b) Find the maximum height of the column of water, giving your answer to the nearest cm.
[1 mark]

The largesr (2-2cos2t) Can be is wwen  Cos2t=-1.

Then 2-2(-1) =&
So, x=4 = 2.52m ? X=252cm

Turn over »
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16

16 (a)

16 (b)

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

Identify the rational number for which the student’s argument is not true.
[1 mark]

0]

Prove that the student is right for all rational numbers other than the one you have
identified in part (a).

We will _prove Yy contradicsion.

[4 marks]

C
S0, we com wate o in +ne form O 4 G, dE€Z dto

. x
So x = f_b_
Yy d
b - 4%
Yy

SO YWis i ierion.  So N

irra onal.
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17 f(x)=sinx
Using differentiation from first principles find the exact value of f'[gj

Fully justify your answer.
[6 marks]

&N (%-l—h) - sin (J{’)

(%)= Lim -
® ho 0 h
= QAW\ Stn (%\cos(h\ + Cosf:'ﬂsm (W) - sin (IE)
W0 h
- LW\ -'-zCoS(k\+ %sm(h\ '%
W0 W
We wnew Yhe limt of  sin(h)  ond CoslW-! S50 we want
PN W
10ty ond Rpress ik in +eams of iwese:
‘ B \
= Lion [ 7 (st =) | 77 sin(w )
\A=d O \ \A
w—e 1'a Y LA /
..LI " I_!‘_\\ \
= Lim ( z (-150n" (7)) + £5\n(h\\
\.\‘-»n \ 2.% 7_ = I
» ‘! z ¥ h Az
={‘L'W‘ 5""(2“{%’\ Sm(l)\ + _\Blm\ sin (h)
\ hao 2 /\k—ao h / 2 Woo N
2
=(ox1) + (% x\)
= 43
2

END OF QUESTIONS
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