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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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2. 
Diagram NOT 
drawn to scale
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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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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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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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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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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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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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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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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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