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1. Given that k is a constant and the binomial expansion of 

1 + kx         | kx | < 1

 in ascending powers of x up to the term in x3 is

1 + 
1

8
x + Ax2 + Bx3

 (a) (i) find the value of k,  

  (ii) find the value of the constant A and the constant B.  
(5)

 (b) Use the expansion to find an approximate value to  1 15.

  Show your working and give your answer to 6 decimal places.
(2)
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a

i kx 1 E kx l ptckxt2 lill l ckxl3t

1 Kx k x 1643 3

i Usethe coefficientof given

y
K I MIAT

iiUsethefoundvalueof ktogetAandB
A 114

13 11413

A B MIA Al
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Question 1 continued
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JT Vittx
1 15 1 0.25x
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Question 1 continued
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Question 1 continued
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2. 
Diagram NOT 
drawn to scale

y

x

9

R

O 6

Figure 1

 Figure 1 shows a sketch of part of the curve with equation 

y = 
9

2 3 1 25( ) .x −       x > 
3

2

 The finite region R, shown shaded in Figure 1, is bounded by the curve, the line with 
equation  y = 9  and the line with equation  x = 6

 This region is rotated through  2π  radians about the x-axis to form a solid of revolution.

 Find, by algebraic integration, the exact volume of the solid generated.
(7)
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___________________________________________________________________________

i
g P rsquare we willcalculatethevolume

ofthecylinderformedwhen
rotatingthesquarearoundtheR

gpggyyyanyggggyyp.my
qupy.gg
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Question 2 continued
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Let'sgetpoint P the lowerboundofourintegration
9
12 371.25

11 31
3 x 2 at P

Get volumeofcylinder BI

no Yitihcai.it2 r 9
324T

Now let'sgetvolumeof A

VA 17 1 311rs dx

3,2
dx LBispointPx 2

817 12 352.5dx

MIAT 811 1.1212 35
5

Integrate

einlgckit.si
sh idii9yenjativea

bracket

817 0 5 dM1

2617 AI
HencetogetvolumeR
Vcyl VA VR 32417 2651 29817 ddM7

Volume1 29817 At
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3. 

20 cm

h cm

Figure 2

 A bowl with circular cross section and height 20 cm is shown in Figure 2. 

 The bowl is initially empty and water starts flowing into the bowl.

 When the depth of water is h cm, the volume of water in the bowl, V cm3, is modelled by 
the equation

V = 
1

3
h

2 (h + 4)      0  h  20

 Given that the water flows into the bowl at a constant rate of 160 cm3 s−1, find, according 
to the model,

 (a) the time taken to fill the bowl, 
(2)

 (b) the rate of change of the depth of the water, in cm s−1, when  h = 5
(5)
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t O V 0 h O

ialwewantto find t when h 20 maximum
we aregiven that do 160cm5

Let'sgetV when h 20with givenequation
V 3120121291

U 3200cm
since 160cm flowin persecond

3288 20seconds

1 205 MIAI
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Question 3 continued
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In h h MI
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11 160xp Al
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Question 3 continued
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Question 3 continued
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4. Use algebraic integration and the substitution  u = x   to find the exact value of 

10

5 21

4

x x x
x

+∫ d

 Write your answer in the form  4ln a
b

⎛
⎝⎜

⎞
⎠⎟ ,  where a and b are integers to be found.

(Solutions relying entirely on calculator technology are not acceptable.)
(8)
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Touse the given substitution u F getnew limitsand dx
Newlimits togetdx fitferentiate

Ex ie in
dx Zudu BI

substituteintotheintemji.si

yqe rx

1,5uEzualu x2udu MIA

u Iuxd

1 su 2mdh
a zu

du factorizedenominator

WeneedtodoPartialfractionsonthis

a zu 5 zu

20 A15 24 Blu
substitutevalues toget AandB
U 0 20 5A Blo A 4
U 7 20 415 2 B B 8

i
a zu 592 dMIAl

www.mymathscloud.com



*P66008A01332* Turn over     

13

 

 

Leave 
blank

Question 4 continued
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Question 4 continued
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Question 4 continued

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________ Q4

(Total 8 marks)

www.mymathscloud.com



*P66008A01632*
16

 

 

Leave 
blank

5. A curve has equation 

y2 = y e−2x − 3x

 (a) Show that 

d
d
y
x  = 

2 3

2

2

2

y
y

x

x

e

e

−

−

+
−

(4)

 The curve crosses the y-axis at the origin and at the point P.

 The tangent to the curve at the origin and the tangent to the curve at P meet at the point R.

 (b) Find the coordinates of R.
(5)
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tal

y Ye factrule adxluvt.nu

tu'v2yYye 2x 2ye
2x

3BIM7AI2ye2x 3 dye 241 collectalldhtermson
oneside

2ye 3 1 e 2y factorout If

1 apenie
shown
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Question 5 continued
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Ib weneedtogettangents at 0 andat P
GetPoint Pfirst
on y axis x 0 y ye 3101

yly 1 0 y 1 at P B
Henie P0,1
Getthe day foreachtangentusingthe givendx

Hx
gg

o 3 gradientof tangent at origin
Y 3 equationof tor

Hx
g xp

5 gradient oftangentat P
Useformula y y Mex xp togettheequation

y 1 51 01
4 1 5x equationof tp

Nowsimultaneouslysolve topandtp to get the
coordinates

ofR

x y dm

Hence R1 AI
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6.

xO

R

y

Figure 3

 Figure 3 shows a sketch of the curve C with parametric equations

x = 2 cos 2t    y = 4 sin t    0  t  
2

π

 The region R, shown shaded in Figure 3, is bounded by the curve, the x-axis and the y-axis. 

 (a) (i) Show, making your working clear, that the area of  R = 
4

2

0

32sin cos d∫
π

t t t

  (ii) Hence find, by algebraic integration, the exact value of the area of R.
(6)

 (b) Show that all points on C satisfy  y = ax b+ ,  where a and b are constants to 
be found.

(3)

 The curve C has equation  y = f (x)  where f is the function

f (x) = ax b+     −2  x  2

 and a and b are the constants found in part (b).

 (c) State the range of f.
(1)
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___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________
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Question 6 continued
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tali

Let'sget limitsfor t
Upper Bound Onx axis 4 0

Isnt
LowerBound On y axis O

0 210521
t I

Let's get
210521

1 4sin2t

Substituteintotheintegral
R 4sint 4sinzt at MIAI

tosintsinat dt
applydoubleangleformula

16sintczs.intcost at sinza Zsinacosa

32sin cost at dMI

3211in'tlost It take constant out

321sin'tcostat multiplyintegralby 1tofliplimits
Al hence shown
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Question 6 continued
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ii Integratewhatweshowed in cal

321 in costat useIntegrationbyRecognition
Form fix f xdx fix I

32135in't

33sinsE 33sinscos substitute in limits
MI

332 21
area R 8 AI

in weneed to getthe Cartesian Eauation
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net cosza 1 25in a
substitute in sint

x 2 4 t MIA

4 8Ty multiply bothsidesby4
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Question 6 continued
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7. Relative to a fixed origin O, the line l has equation 

r = 
1

10

9

−
−

⎛

⎝

⎜
⎜

⎞

⎠

⎟
⎟

 + λ
4

4

2

⎛

⎝

⎜
⎜

⎞

⎠

⎟
⎟

    where λ is a scalar parameter

 Given that OA
→

 is a unit vector parallel to l,

 (a) find OA
→

(2)

 The point X lies on l. 

 Given that X is the point on l that is closest to the origin, 

 (b) find the coordinates of X.
(5)

 The points O, X and A form the triangle OXA.

 (c) Find the exact area of triangle OXA.
(3)
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lalFormulafor unitvector FormulaforMagnitudeof a vector
a pvectormagnitudeofvector

I
IABI at b c

Usethe direction vector of 1 sinie of andI are parallel

JA a E
V444421

M1

07 1

i A A
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Question 7 continued
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substitute ourfound ainto x ̅ togetthe coordinates of x

of It
17 4 6 A

c Diagram
OA andOT are alsoperpendicularsinceOA isparallel

so Y
to line 1

Weknow loftysinceit's a unitvector
Get1071
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Question 7 continued
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Question 7 continued

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________ Q7

(Total 10 marks)

www.mymathscloud.com



*P66008A02632*
26

 

 

Leave 
blank

8. (a) Given that  y = 1  at  x = 0, solve the differential equation

d
d
y
x  = 

6

1

3

2

xy
xe

      y  0

  giving your answer in the form  y2 = g(x).
(7)

 (b) Hence find the equation of the horizontal asymptote to the curve with  
equation  y2 = g(x) .

(2)
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Question 8 continued
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Question 8 continued
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Question 8 continued
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9. (i) Relative to a fixed origin O, the points A, B and C have position vectors a, b and c  
respectively.

  Points A, B and C lie in a straight line, with B lying between A and C. 

  Given  AB : AC = 1 : 3  show that

c = 3b − 2a
(3)

 (ii) Given that  n   ,  prove by contradiction that if  n2  is a multiple of 3 then n is a  
multiple of 3

(5)
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Question 9 continued
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Question 9 continued
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