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Answer all questions in the spaces provided.

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

Sy 7-2 
Circle your answer. 

[1 mark) 

2 A curve has equation y= 2 

Find 
dr 

2 ) 
Circle your answer. 

[1 mark] 

2x 
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When is small, find an approximation for cos30 +0sin20. giving your answer in the 

form a + b02 
3 marks

Cos = 1i(30) 

Sin 20= 29 

cos36 + 6sin 24 1-_ +20 

Turn over for the next question 

Turn over 



p(x)-21+7+2x-3 

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

If A3 s ahchr pl-3) -0. 
p3)= 23 1(-) +a3)-3

-St+b3 -6 -3 0 

t3 t3is a Sackor ck pc) 



5 

Simplify the expression2r+ 7 +2x -3 
42-1 

4 (6) 

[4 marks] 

oc3)(2x ac-) 
(2i)(2x-) 

c+3)2)T +1) 
C2c+)(2x-) 

oc+3(ea)
(2c+)

Turn over for the next question

Turn overr 
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5 The diagram shows a sector AOB of a circle with centre O and radius r c. 

>B A 

rcm 

The angle AOB is 0 radians 

The sector has area 9 cm and perimeter 15 cm. 

Show that r satisfies the equation 2-15r+18= 0 
[4 marks]

5 

A: re L= re 

18 2c 4= IS 

IS 2r 

2c+18=_ IS 
2 - ISr +18 = O. 
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5 (b) Find the value of 6. Explain why it is the only possible value. 
[4 marks]1

Salve 2 -1Sr l8 =O 

G: 8. 
Since 8 z 2T, da8 

=6 0: 

Turn over for the next question

Turn overrd 
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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 

Construct a differential equation involving m, t and a positive constantk to model this 
situation. 

6 (a) 

[3 marks]
dm dE C & 

3m 

dm 2 
de m 

Negohive Sian i necessar a 
IS pasiive ConStont 

Explain why Sam's assumption may not be appropriate. 

1 mark] 
(b) 

Scm assumeshi pnaSS decrecse 

ndehiy



Find the values of k for which the equation (2k-3)x*-kx +(k-1)=0 has equal roots. 

4 marks] 

For equo rats b-koc = 0. 

-4(2h-3)h-1)= 0) 
:h- 8 +20 - 12 (E0) 

12+202 -12 

20h t+12 = O. 

2 R 
20 4co- 336 

Turn over for the next question 

Turn over 
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du Given that u = 2" , write down an expression for 

dr 
8 (a) 

1 mark 
du 

2 In2. do 

8 (b) Find the exact value of23 +2 dr 

Fully justify your answer. 
6 marks]

Le 2 In2 U 2 

du 
2In2 C= u:2 

S23 cdoc
u 

u3+u ulaz 

= du 
- 4* 

(s5 -). 
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Turn over for the next question 

Turn over
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2x+3 A curve has equation 4?+7 

9 (a) () Find 
[2 marks] 

Quotient ule u 20C+3 vE 4c+1 

2 

2(4x4)- 8»«(1>e+3) o 
d 

4-24x - % 

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

4 marks] 

denoninohor numerakor 

9 4c2+122-1 <O 

d 70 i-e încreasing wen 

4c12 -1 O 
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9 (b) Find the values of x for which y is increasing. 
[2 marks] 

4c 12x-1-0xn)l2x-)_ 

est alue behreen,ie 
dy 

a OC=-2

lacreasinq 

Turn over for the next question 

Turn over 
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10 The function fis defined by 
f(x)=4+3" , xeR 

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

min (3*) =0 mif))=4 [2 marks] 

c: oc 4 e ¬R 

10 (b) The inverse of fis f 

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

coc74 eR). 

10 (b) (i) Find an expression for f (x) 
[3 marks] 

Let ()=y 413 
Xz 4+3 

3 x-4 

-9E lq3 c-u) 

f() -loa,(x-) 
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10 (c) The function g is defined by 

s(r)=5-vr .(xeR:x>0) 

10 (c) () Find an expression for gf (x) 
[1 mark) 

9ta)= g(3 
S-+ +3 

10 (c) (i) Solve the equation gf(x) =2, giving your answer i an exact form. 

[3 marks] 

S- J4+3 =2 
J4+3* = 3 

4 443 9_ 

a_3= S 
- logs 

Turn over 
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11 A circle with centre C has equation x+y+8:r-12y = 12 

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

)-16 g-6)-36 12 
t4) 2 +): 64 

Ceahre (46) 

2adus J6 : & 
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11 (b) The points Pand Q lie on the circle. 

The origin is the midpoint of the chord PQ. 

Show that PQ has length n3 , where n is an integer. 
5 marks] 

oc 

OP +Oc 

64 = OP S2 

PQ = 20P 

212 43. = 

Turn over 
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rmed from a prism is fixed on a horizontal platform, as shown in the 
A sculpture 

diagram. 
12 

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

2x+2 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 

2xta 2 = dac 

2x + 2 +2a + a = 0. 

- 44-2) 22+29 
-(oc d 

dy 

Moximum ocCuSuken 
d Fo 

2 2= 1 

Heght Jio --Jo) 

2J1o b.32m 
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13 Prove the ldentty cot - cos 6 = cot 0 cos 0 

3 marks] 

Cot e- cose 
in cos'6 

cos*e (sn-) 
Cos (cosec-) 

Cose cot 0 

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: 

£15 per m for the base 

£8 per 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. 

14 (a) 

Fully justity your answer. 
8 marks 

Let C be cast be e lengh f Ha 
h_ e height base Sider 

C ISo 32xh 

Volume h 60 h= 

920 

CISx2 t 
dC 

doc 30 I920 (=0 , to giue minmum)Sie 

30ac1920 O 
a c= 64 tm. 

2h: 4 3 7S 

doc 30+4 3840x e 

valye of h ar me vaue af C 
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14 (b) () 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 sider il need Ovecap So 

qire wo Siod e lengthr 

be e+_0-0S cm 

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

[1 mark)

The miamumcost ud inceasesightly 

but not Siqicant ly. 

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

equation d- 8sin 21 where is the time in seconds after the display begins.
3x 

15 (a) Solve the differential equation, given that initilly the column of water has zero height. 

Express your answer in the form x =f(t) 

[7 marks]1

3 d 8Sio2t dt 

3/ da= 8 Ssio?t dt 
2x -4coS2E. +C 

0 =- 4+ 

2 -4 cos2t 

E2- 2cos2t 

2 C= (2-2cos 2t)_ 
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Find the maximum height of the column of water, giving your answer to the nearest cm.

[1 mark] 

15 (b) 

252cmMox hig ht_= 

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

16 (a) ldentify the rational number for which the student's argument is not true. 

1 mark]

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

[4 marks] 

Leka be irahonad_ and bbe 

rahona _Such hak bE d Cd E Ldto. 

Assume ab +s raional i.e. 
P 

ab P.9 ¬Z t0 
a 

risoaal wMh Cenhradtct

he IAhal Ca SSLmp hon..

ab mustbe Araon ol 



25 

17 f(x)= sin x 

Using differentiation from first principles find the exact value of f" 

Fully justify your answer. 
[6 marks] 

Sin(xth) - Sin() 

Ash 0, (e): 

Sin cOsh +CO$2 Siah=Si 
h 

fE) =_# cosh + Sinh -

hm 

END OF QUESTIONS 
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