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1.	 Weed is completely covering the surface of a pond.

	 Fish are introduced into the pond in an effort to control the weed. 

	 The surface area of the pond, A m2, covered by the weed, t days after the fish are 
introduced is modelled by the equation

A = 105 – 12e0.08t        t ∈ , t  0

	 According to the model,

	 (a)	 state the surface area of the pond covered by the weed at the start of the investigation,
(1)

	 (b)	 find the time taken in days, to one decimal place, for the surface area of the pond 
covered by the weed to fall to 40 m2

(3)

	 Stuart wants to predict the surface area of the pond covered by the weed 30 days after the 
fish are introduced.

	 (c)	 Explain why he should not use this model.
(2)
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Question 1 continued
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2.	 (a)	 Find the first 4 terms, in ascending powers of x, of the binomial expansion of

1 4+ x

		  giving each coefficient in its simplest form. 
(4)

	 The expansion can be used to find an approximation for 26

	 (b)	Explain why x = 25
4

 should not be used in the expansion to find an 
 
approximation for 26

(1)

	 (c)	 Explain how you could use x = 1

100
 in the expansion to find an approximation for 26

		  There is no need to carry out the calculation.
(2)
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Question 2 continued
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3.	 The sequence u1, u2, u3,… is defined by 

u
u

un
n

+ =
−

=
1 1

4

2
1

	 (a)	 Show that this sequence is periodic, stating the period.
(3)

	 (b)	Hence find un
n=
∑
1

50

(2)
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Question 3 continued
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4.                                             h( )
( )

x x x x
x

x= − + −
−

>4 19 28 4

2
2

3 2

2

	 (a)	 Write h(x) in the form Ax B C
x

+ +
−( )2

2
 where A, B and C are constants to be 

found. 
(3)

	 (b)	Hence find h d( )x x∫ (3)
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Question 4 continued
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5.	 Relative to a fixed origin O,

		  ●	 the point A has position vector –2i + 3j
		  ●	 the point B has position vector 3i + pj, where p is constant
		  ●	 the point C has position vector qi + 7j, where q is constant

	 Given that |AB
→|  = 5 2

	 (a)	 find the possible values of p.
(3)

	 Given that the angle between AC
→

 and the unit vector i is 
3
π

 radians, 

	 (b)	 find the exact value of q.
(3)
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Question 5 continued
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6.	 (a)	 Use the identity for tan (A + B) to show that 
3

2
3tan tantan3
1 3tan
θ θθ

θ
−≡

−
(4)

	 Given tan β = 6

	 (b)	use the answer to part (a) to show that 

tan 3β = k 6

		  where k is a constant to be found. 
(2)
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Question 6 continued
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7. 

tO

(20, 2.4)(0, 2)

log10 P

Figure 1

	 Red squirrels were introduced into a large wood in Northumberland on 1st June 1996.

	 Scientists counted the number of red squirrels in the wood, P, on 1st June each year for t 
years after 1996.

	 The scientists found that over time the number of red squirrels can be modelled by the formula

P = abt

	 where a and b are constants.

	 The line l, shown in Figure 1, illustrates the linear relationship between log10  P and t over 
a period of 20 years. 

	 Using the information given on the graph and using the model,

	 (a)	 find an equation for l,
(2)

	 (b)	 find the initial number of red squirrels that were introduced into the wood,
(2)

	 (c)	 find a complete equation for the model giving the value of b to 4 significant figures.
(2)

	 On 1st June 2019 there were found to be 198 red squirrels in the wood.

	 (d)	 (i)	 Use this information to show that the model is not valid on 1st June 2019.

		  (ii)	 Suggest a reason for the model not being valid at this time.
(3)
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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.

xO

y

P

Figure 2

	 Figure 2 shows a sketch of part of the curve with equation

y = 5 cos(x – 30)°        x  0

	 The point P on the curve is the minimum point with the smallest positive x coordinate. 

	 (a)	 State the coordinates of P.
(2)

	 (b)	Solve, for 0  x < 360, the equation 

5 cos(x – 30)° = 4 sin x°

		  giving your answers to one decimal place.  
(4)

	 (c)	 Deduce, giving reasons for your answer, the number of roots of the equation

5 cos(2x – 30)° = 4 sin 2x° for 0  x < 3600
(2)
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Question 8 continued
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9. 

xO

y

–0.5

R

1.5

Figure 3

	 Figure 3 shows a sketch of the curve with equation y = 2x2
 – x

	 The finite region R, shown shaded in Figure 3, is bounded by the curve, the line with 
equation x = –0.5, the x-axis and the line with equation x = 1.5

	 (a)	 Use the trapezium rule with four strips of equal width to find an estimate for the area of R.
		  Show your working and give your answer to two decimal places.

(4)

	 A copy of Figure 3, called Diagram 1, is drawn below.

	 (b)	Explain, with the aid of Diagram 1, whether your answer in part (a) is an 
underestimate or overestimate of the true value for the area of R.

(1)

	 Using your answer to part (a) and showing your working,

	 (c)	 estimate the value of 2 2
2
1

0 5

1 5 x x x+

−
+( )∫

.

.

d

(3)

xO

y

–0.5

R

1.5

Diagram 1
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Question 9 continued
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Question 9 continued
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Question 9 continued
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(Total for Question 9 is 8 marks)
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10.	(a)	 Sketch the graph with equation

y = |2x – 9|  + 3

		  stating the coordinates of the vertex and any points where the graph crosses the 
coordinate axes.

(3)

	 (b)	Solve the equation

3x + 1 = |2x – 9|  + 3
(2)

	 A straight line l has equation y = kx + 1, where k is a constant.

	 Given that l does not meet or intersect the graph with equation y = |2x – 9|  + 3

	 (c)	 find the range of possible values of k. 
(3)
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Question 10 continued
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Question 10 continued
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Question 10 continued

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

(Total for Question 10 is 8 marks)
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11.	The function f is defined by 

f ( )x x
x

x= + >2 3
0

	 (a)	 Find the value of a such that

f
− =1

5

3
( )a

(2)

	 (b)	Explain why there are no values of x for which

f ( )x < 3
2

(2)

	 (c)	 Show that f is a decreasing function.
(2)
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Question 11 continued
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(Total for Question 11 is 6 marks)
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12.	Using algebraic integration and making your method clear, show that 

4 9

31

5 x
x

x a b+
+

= +∫ d ln

	 where a and b are constants to be found.
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Question 12 continued
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(Total for Question 12 is 5 marks)
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13.  

                                                      

Diagram not 
drawn to scale

4 m

h m

2.5 m

Figure 4

[ The volume of a cone of base radius r and height h is 1
3

 πr 2h ]

	 Figure 4 shows a container in the shape of an inverted right circular cone which contains 
some water.

	 The cone has an internal base radius of 2.5 m and a vertical height of 4 m.

	 At time t seconds 

		  ●	 the height of the water is h m
		  ●	 the volume of the water is V m3

		  ●	 the water is modelled as leaking from a hole at the bottom of the container at a rate of 

3 1

512
π h m s− 

  

	 (a)	 Show that, while the water is leaking 

h h
t

3

2
1

200

d

d
= −

(5)

	 Given that the container was initially full of water, 

	 (b)	 find an equation, in terms of h and t, to model this situation.
(3)

	 It takes approximately 43 minutes for the container to empty.

	 (c)	 Use this information to comment on the suitability of this model.
(3)
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Question 13 continued
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Question 13 continued
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Question 13 continued
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(Total for Question 13 is 11 marks)
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14. 

xO

y

C1
C2

                                                                 Figure 5

Figure 5 shows a sketch of the curve C1 with parametric equations

                                                x = 2sin t,   y = 3sin 2 t   0  t < 2π

(a) Show that the Cartesian equation of C1 can be expressed in the form

y2 = kx2(4 – x2)

		  where k is a constant to be found.
(4)

The circle C2 with centre O touches C1 at four points as shown in Figure 5. 

(b) Find the radius of this circle.
(5)
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Question 14 continued
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Question 14 continued
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Question 14 continued
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Question 14 continued
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(Total for Question 14 is 9 marks)
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