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Formulae A Level Mathematics B (MEI) (H640)
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Small angle approximations
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Kinematics
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Answer all the questions

Section A (23 marks)

1 Differentiate ( )x3 52 4+ . [3]

2 In this question you must show detailed reasoning.

 The shaded region in Fig. 2 is bounded by the curves siny x3=  and siny x3 3= .

O
x

y

Fig. 2

 Show that the area of this region is 3
4 . [4]

3 The sequence of positive numbers a1, a2, a3, … is a geometric sequence. Prove that the sequence  
ln a1 , ln a2 , ln a3 , … is an arithmetic sequence. [3]

4 A car travels along a straight track for 5 seconds. Its displacement s metres after t seconds is given by

.s t t3 0 1 3= + .

 Show that the car does not have constant acceleration. [3]

5 Two chess pieces are placed on a uniform straight ruler. The ruler balances horizontally on a pivot.
• The ruler AB is of length 30 cm.
• The pivot P is at the centre of the ruler.
• The first chess piece, of mass 20 grams, is at A.
• The second chess piece, of mass 50 grams, is x cm from B.

 This is shown in Fig. 5.

PA B

x cm15 cm

Fig. 5

 Calculate the value of x. [4]
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6 Fig. 6.1 shows a shape consisting of an isosceles triangle ABC and a semicircle with AC as diameter. Angle 
ABC 6

1r=  radians and AB = BC = 10 cm.

A

B

C

10 cm

10 cm

6
1r

Fig. 6.1

 (i) Calculate the total area of the shape. [4]

 Fig. 6.2 shows a sector DEF of a circle of radius 10 cm. Angle DEF = i radians.

F

D

E

10 cm

10 cm

i

Fig. 6.2

 (ii) The shapes in Fig. 6.1 and Fig. 6.2 have the same area. Find i, giving your answer correct to 
3 significant figures. [2]
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Answer all the questions

Section B (77 marks)

7 A globe hangs on the end of a light wire that makes an angle of i with the vertical. It is held in place by a 
light horizontal string, as shown in Fig. 7.

String

Globe

Wire

i

Fig. 7

 Find the set of values of i for which the tension in the string is less than the weight of the globe. [4]

8 (i) Use the binomial expansion to show that ( )x x x1 2 1 2
3 2

2
1

.- + +-  for sufficiently small values of x. 
 [2]

 (ii) For what values of x is the expansion valid? [1]

 (iii) Find the expansion of x
x

1 2
1 2
-
+  in ascending powers of x as far as the term in x2. [3]

 (iv) Use x 20
1=  in your answer to part (iii) to find an approximate value for 11. [2]

9 Arjun is trying to hit a can with a stone. The can is standing on a narrow wall 4 m away from him. The can 
is 10 cm tall and its base is 1.9 m above the ground, which is level. Arjun throws the stone at the can with a 
speed of 8 m s-1 at an angle of 35° above the horizontal. The point of projection is 1 m above the ground.

 Determine whether the stone hits the can. [7]

10 (i) Prove the identity sec cos tan sin/i i i i- . [4]

 (ii) Hence or otherwise solve the equation sec cos tan2
1i i i- =  for 0 21G i r . [4]
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11 Austin pushes a curling stone of mass 18 kg on ice. He releases the stone and it slides 21 m in a straight line 
until coming to rest after 14 s. He models the motion by assuming that the frictional force is constant.

 (i) Show that the speed of the stone at the moment that Austin releases it is 3 m s-1. [2]

 (ii) Find the magnitude of the frictional force acting on the stone. [3]

 (iii) Calculate the coefficient of friction between the stone and the ice, giving your answer correct to 
2 significant figures. [3]

12 A toy car moves on a horizontal surface. Its velocity in m s-1 is given by

. .v i jt1 5 0 5= +

 where i and j are unit vectors east (x-direction) and north (y-direction) respectively and t is the time in 
seconds.

 Initially the car is at the point 2 m north of the origin.

 (i) Calculate the speed of the car after 3 seconds. [2]

 (ii) Find the position vector of the car after t seconds. [3]

 (iii) Show that the cartesian equation of the path of the car is y x
9 2

2
= + . [3]
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13 Gerry has been collecting data about the ladybird population in his locality, where they appear mainly 
during the spring, summer and autumn. He has carried out surveys on many days over a three-month period 
in the summer, and has recorded the values of N, the number of ladybirds seen, and t, the time in days 
after 1 January. Using graph-drawing software, he has found that the part of the quadratic curve shown in 
Fig. 13.1 is a good fit for his data.

100
0

20

40

120 140 160 180 200 220 240

N

t

Fig. 13.1

 This curve has a maximum point at (180, 40) and the point (135, 30) also lies on the curve. Gerry uses the 
equation of the curve in the form

( )N a b t c 2= - -

 as a model for the ladybird population.

 (i) Find the values of a and c and show that b 405
2= . [3]

 (ii) (A) Find the number of ladybirds predicted by the model when t = 250. [1]

  (B) Explain why this predicted value may be unreliable. [1]

 (iii) (A) Explain why the model is not valid for t 1 90. [1]

  (B) Give another range of values of t for which the model is not valid. [1]

 With the software set to degrees, Gerry also produces the graph in Fig. 13.2 to model his data for suitable 
values of t. This graph is a transformation of cosN t= ; it passes through (90, 0) and has a maximum point 
at (180, 40).

0 0 90 180 270 360

20

−20

40

−40
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t

Fig. 13.2
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 (iv) Describe a sequence of transformations that maps the curve cosN t=  to the curve in Fig. 13.2. [2]

 (v) Write down the equation for N in terms of t for this model. [1]

 (vi) (A) Explain how the model can be refined to have a period of 365 days. [1]

  (B) What effect, if any, does this refinement have on the maximum point of the graph? [1]

14 A car pulls a caravan along a straight road uphill on a slope that makes an angle of 8° with the horizontal. 
The mass of the car is 1700 kg and the mass of the caravan is 1300 kg. The driving force is 9000 N and the 
car and caravan experience resistances of 600 N and 1200 N respectively. The coupling between the car and 
the caravan is light and parallel to the road.

 (i) Draw a diagram showing all the forces acting on the car and all the forces acting on the caravan. [3]

 (ii) Find the acceleration of the car and caravan as they move up the hill. [4]

 (iii) Find the tension in the coupling between the car and the caravan. [3]

15 (i) Solve the differential equation

( )( )
y

y y xx 1 1d
d
= + - ,

  given that y = 1 when x = 1. Give your answer in the form ( )y xf= , where f is a function to be 
determined. [9]

 (ii) By considering the sign of x
y

d
d

 near (1, 1), or otherwise, show that this point is a maximum point on the 
curve ( )y xf= . [3]

END OF QUESTION PAPER
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