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1. The first three terms of a geometric series are

18, 12 and p

 respectively, where p is a constant.

 Find

 (a) the value of the common ratio of the series,
(1)

 (b) the value of p,
(1)

 (c) the sum of the first 15 terms of the series, giving your answer to 3 decimal places.
(2)
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2. (a) Use the binomial theorem to find all the terms of the expansion of 

(2 + 3x)4

  Give each term in its simplest form.
(4) 

 (b) Write down the expansion of 

(2 – 3x)4

  in ascending powers of x, giving each term in its simplest form.
(1)
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3. f(x) = 2x3 – 5x2 + ax + 18

 where a is a constant.

 Given that (x – 3) is a factor of f(x),

 (a) show that a = – 9
(2)

 (b) factorise f(x) completely.
(4)

 Given that 

g(y) = 2(33y) – 5(32y) – 9(3 y) + 18

 (c) find the values of y that satisfy g(y) = 0, giving your answers to 2 decimal places 
where appropriate.

(3)
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Question 3 continued
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4. y
x

=
+

5
12( )

 (a) Complete the table below, giving the missing value of y to 3 decimal places.

x 0 0.5 1 1.5 2 2.5 3

y 5 4 2.5 1 0.690 0.5

(1)

 Figure 1 shows the region R which is bounded by the curve with equation y
x

=
+

5
12( )

, 
the x-axis and the lines x = 0 and x = 3

 (b) Use the trapezium rule, with all the values of y from your table, to find an approximate 
value for the area of R.

(4)

 (c) Use your answer to part (b) to find an approximate value for 

∫0

3

24 5
1

+
+

⎛
⎝⎜

⎞
⎠⎟( )x

xd

  giving your answer to 2 decimal places.
(2)
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Question 4 continued
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5. 

 Figure 2 shows a plan view of a garden.
 The plan of the garden ABCDEA consists of a triangle ABE joined to a sector BCDE of a 

circle with radius 12m and centre B.
 The points A, B and C lie on a straight line with AB = 23m and BC = 12m.

 Given that the size of angle ABE is exactly 0.64 radians, find

 (a) the area of the garden, giving your answer in m2, to 1 decimal place,
(4)

 (b) the perimeter of the garden, giving your answer in metres, to 1 decimal place.
(5)
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Question 5 continued
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6.  

 Figure 3 shows a sketch of part of the curve C with equation

y = x(x + 4)(x – 2)

 The curve C crosses the x-axis at the origin O and at the points A and B.

 (a) Write down the x-coordinates of the points A and B.
(1)

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

 (b) Use integration to find the total area of the finite region shown shaded in Figure 3.
(7)
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Question 6 continued
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7. (i) Find the exact value of x for which

log2(2x) = log2(5x + 4) – 3
(4)

 (ii) Given that 

loga y + 3loga 2 = 5

  express y in terms of a.
  Give your answer in its simplest form.

(3)
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8. (i) Solve, for –180° � x < 180°,

tan(x – 40°) = 1.5

  giving your answers to 1 decimal place.
(3)

 (ii) (a) Show that the equation

sin��tan� = 3cos��+ 2

   can be written in the form

4cos2� + 2cos��– 1 = 0
(3)

  (b)  Hence solve, for 0 � � < 360°,

sin��tan� = 3cos��+ 2

   showing each stage of your working.
(5)
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Question 8 continued
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9. The curve with equation

y = x2 – 32���x) ������� � � x�	��

 has a stationary point P.

 Use calculus

 (a) to find the coordinates of P,
(6)

 (b) to determine the nature of the stationary point P.
(3)
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10.

 The circle C has radius 5 and touches the y-axis at the point (0, 9), as shown in Figure 4.

 (a) Write down an equation for the circle C, that is shown in Figure 4.
(3)

 A line through the point P(8, – 7) is a tangent to the circle C at the point T.

 (b) Find the length of PT.
(3)
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Question 10 continued
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1. A geometric series has first term a = 360  and common ratio r = 7
8

 Giving your answers to 3 significant figures where appropriate, find

 (a) the 20th term of the series,
(2)

 (b) the sum of the first 20 terms of the series,
(2)

 (c) the sum to infinity of the series.
(2)
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2. A circle C has centre ( , )−1 7  and passes through the point ( , ).0 0  Find an equation for C.

(4)
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3. (a) Find the first 4 terms of the binomial expansion, in ascending powers of x, of 

1 4

8

+( )x

  giving each term in its simplest form.
(4)

 (b) Use your expansion to estimate the value of ( . ) ,1 025 8  giving your answer to 4 decimal 
places.

(3)
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4. Given that y x= 3 2,

 (a) show that log log3 31 2y x= +

(3)

 (b) Hence, or otherwise, solve the equation  

1 2 28 93 3+ = −log log ( )x x
(3)

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

physicsandmathstutor.com January 2012



Leave 
blank

12

*P40083A01228*

5.                          f ( )x x ax bx= + + +3 2 3,    where a and b are constants.

 Given that when f ( )x  is divided by ( )x + 2  the remainder is 7,

 (a) show that 2 6a b− =

(2)

 Given also that when f ( )x  is divided by ( )x −1  the remainder is 4,

 (b) find the value of a and the value of b.
(4)
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6.

Figure 1

 Figure 1 shows the graph of the curve with equation

           y
x

x= − +16
2 12  , x 0 >

 The finite region R, bounded by the lines x = 1, the x-axis and the curve, is shown shaded 
in Figure 1. The curve crosses the x-axis at the point ( , ).4 0  

 (a) Complete the table with the values of y corresponding to x = 2  and 2.5

x 1 1.5 2 2.5 3 3.5 4
y 16.5 7.361 1.278 0.556 0

(2)

 (b) Use the trapezium rule with all the values in the completed table to find an approximate 
value for the area of R, giving your answer to 2 decimal places.

(4)

 (c) Use integration to find the exact value for the area of R.
(5)
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4 x
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16 12

xy
x

= − +  
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Question 6 continued
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7.

Figure 2

 Figure 2 shows ABC,  a sector of a circle of radius 6 cm with centre A. Given that the size 
of angle BAC is 0.95 radians, find

 (a) the length of the arc BC,
 (2)

 (b) the area of the sector ABC. 
(2)

 The point D lies on the line AC and is such that AD BD= .  The region R, shown shaded 
in Figure 2, is bounded by the lines CD, DB and the arc BC.

 (c) Show that the length of AD is 5.16 cm to 3 significant figures.
(2)

 Find

 (d) the perimeter of R,
(2)

 (e) the area of R, giving your answer to 2 significant figures.
(4)
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=

=

D

R

6 cm
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Question 7 continued
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8. 

Figure 3

 Figure 3 shows a flowerbed. Its shape is a quarter of a circle of radius x metres with two 
equal rectangles attached to it along its radii. Each rectangle has length equal to x metres 
and width equal to y metres. 

 Given that the area of the flowerbed is 4 2 m ,

 (a) show that 

 y x
x

= −16
8

2�

(3)

 (b) Hence show that the perimeter P metres of the flowerbed is given by the equation

 P
x

x= +8 2
(3)

 (c) Use calculus to find the minimum value of P.
(5)

 (d) Find the width of each rectangle when the perimeter is a minimum. 
  Give your answer to the nearest centimetre.

(2)

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

x

y

physicsandmathstutor.com January 2012



Leave 
blank

23

*P40083A02328*

Question 8 continued
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9. (i) Find the solutions of the equation sin( )3 15 1
2

x − =o , for which 0 180x o

(6)

 (ii)

Figure 4

 Figure 4 shows part of the curve with equation 

y ax b= −sin( ),  where a b> < <0 0,  �

 The curve cuts the x-axis at the points P, Q and R as shown.

 Given that the coordinates of  P, Q and R are ( )10
, , 0�  ( )3

5
,  0�  and ( )11

10
,  0�  respectively,

 find the values of a and b.
 (4)
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1. The first three terms in ascending powers of x in the binomial expansion of (1 + px)12 are 
given by

1 + 18x + qx2

 where p and q are constants.

 Find the value of p and the value of q.
(5)
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Question 1 continued
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2.  f(x) = 2x3 + x2 + ax + b,   where a and b are constants.

 Given that when f(x) is divided by (x – 2) the remainder is 25,

 (a) show that 2a + b = 5
(2)

 Given also that (x + 3) is a factor of f(x),

 (b) find the value of a and the value of b.
(4)
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Question 2 continued
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3. The curve C has equation

 y x
x

= −2 18 1√ +
√

,      x > 0

 (a) Find

  (i) d
d
y
x

  (ii) d
d

2

2
y
x

(5)

 (b) Use calculus to find the coordinates of the stationary point of C.
(4)

 (c) Determine whether the stationary point is a maximum or minimum, giving a reason 
for your answer.

(2)
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Question 3 continued
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Question 3 continued
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Question 3 continued
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4. The first term of a geometric series is 5 and the common ratio is 1.2

 For this series find, to 1 decimal place,

 (a) (i) the 20th term,

  (ii) the sum of the first 20 terms.
(4)

 The sum of the first n terms of the series is greater than 3000

 (b) Calculate the smallest possible value of n.
(4)
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Question 4 continued
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Question 4 continued
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Question 4 continued
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5. The height of water, H metres, in a harbour on a particular day is given by the equation

  H = 10 + 5 sin 
6
πt⎛ ⎞

⎜ ⎟⎝ ⎠
,      0  t < 24

 where t is the number of hours after midnight.

 (a) Show that the height of the water 1 hour after midnight is 12.5 metres.
(1)

 (b) Find, to the nearest minute, the times before midday when the height of the water is 
9 metres.

(6)
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Question 5 continued
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6. Given that

logx(7y + 1) – logx (2y) = 1,    x > 4,    0 < y < 1

 express y in terms of x.
(5)
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Question 6 continued
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7. 

Figure 1

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

y = x3 – 6x2 + 9x + 5

 The point P(4, 9) lies on C.

 (a) Show that the normal to C at the point P has equation

x + 9y = 85
(6)

 The region R, shown shaded in Figure 1, is bounded by the curve C, the y-axis and the 
normal to C at P.

 (b) Showing all your working, calculate the exact area of R.
(7)
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Question 7 continued
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Question 7 continued
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Question 7 continued
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8. 

Figure 2

 Figure 2 shows a circle C with centre O and radius 5

 (a) Write down the cartesian equation of C.
(1)

 The points P(–3, –4) and Q(3, –4) lie on C.

 (b) Show that the tangent to C at the point Q has equation

3x – 4y = 25
 (4)

 (c) Show that, to 3 decimal places, angle POQ is 1.287 radians.
(2)

 The tangent to C at P and the tangent to C at Q intersect on the y-axis at the point R.

 (d) Find the area of the shaded region PQR shown in Figure 2.
(4)
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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. (a) Show that the equation

5 sin x – cos2 x + 2 sin2 x = 1

  can be written in the form

3 sin2 x + 5 sin x – 2 = 0
(2)

 (b) Hence solve, for –180°   < 180°, the equation

5 sin 2  – cos2 2  + 2 sin2 2  = 1

  giving your answers to 2 decimal places.
(7)
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Question 9 continued

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

PhysicsAndMathsTutor.com January 2014 (IAL)



Leave 
blank

28

*P43998A02828*

Question 9 continued
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1. Find the first 3 terms, in ascending powers of x, of the binomial expansion of

(2 – 3x)5

 giving each term in its simplest form.
(4)
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2. Find the values of x such that

2 log3 x – log3(x – 2) = 2
(5)
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3.

r 

T 

L 
x 

y 

O 

C 

Q 

P 

Figure 1

 The circle C with centre T and radius r has equation 

x2 + y2 – 20x – 16y + 139 = 0

 (a)  Find the coordinates of the centre of C.
(3)

 (b) Show that r = 5
(2)

 The line L has equation x = 13 and crosses C at the points P and Q as shown in Figure 1.

 (c) Find the y coordinate of P and the y coordinate of Q.
(3)

 Given that, to 3 decimal places, the angle PTQ is 1.855 radians,

 (d) find the perimeter of the sector PTQ.
(3)
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Question 3 continued
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4.  f(x) = 2x3 – 7x2 – 10x + 24

 (a)  Use the factor theorem to show that (x + 2) is a factor of f(x).
(2)

 (b) Factorise f(x) completely.
(4)
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5.

O 

y 

A 

B 

x 

y = 10x – x2 – 8

y = 10 – x

R 

Figure 2

 Figure 2 shows the line with equation y = 10 – x and the curve with equation 
 y = 10x – x2 – 8

 The line and the curve intersect at the points A and B, and O is the origin.

 (a)  Calculate the coordinates of A and the coordinates of B.
(5)

 The shaded area R is bounded by the line and the curve, as shown in Figure 2.

 (b) Calculate the exact area of R.
(7)
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Question 5 continued
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6. (a) Show that the equation

tan 2x = 5 sin 2x

  can be written in the form

(1 – 5 cos 2x) sin 2x = 0
(2)

 (b)  Hence solve, for 0 � x � 180°,

tan 2x = 5 sin 2x

  giving your answers to 1 decimal place where appropriate. 
  You must show clearly how you obtained your answers.

(5)
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7.  y = �(3x + x)

 (a) Complete the table below, giving the values of y to 3 decimal places.

x 0 0.25 0.5 0.75 1

y 1 1.251 2

(2)

 (b) Use the trapezium rule with all the values of y from your table to find an approximation 

  for the value of 
0

1

∫ �(3x + x) dx

  You must show clearly how you obtained your answer.
(4)
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8.

x mm

h mm

Figure 3

 A manufacturer produces pain relieving tablets. Each tablet is in the shape of a solid circular 
cylinder with base radius x mm and height h mm, as shown in Figure 3.

 Given that the volume of each tablet has to be 60 mm3,

 (a) express h in terms of x,
(1)

 (b) show that the surface area, A mm2, of a tablet is given by A = 2�x2 + 120
x (3)

 The manufacturer needs to minimise the surface area A mm2, of a tablet.

 (c) Use calculus to find the value of x for which A is a minimum.
(5)

 (d) Calculate the minimum value of A, giving your answer to the nearest integer.
(2)

 (e) Show that this value of A is a minimum.
(2)
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Question 8 continued
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9. A geometric series is a + ar + ar2 + ...

 (a) Prove that the sum of the first n terms of this series is given by

S a r
rn

n

= −
−

( )1
1 (4)

 The third and fifth terms of a geometric series are 5.4 and 1.944 respectively and all the 
terms in the series are positive.

 For this series find,

 (b) the common ratio,
(2)

 (c) the first term,
(2)

 (d) the sum to infinity.
(3)
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Question 9 continued
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