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INSTRUCTIONS
• Use black ink. HB pencil may be used for graphs and diagrams only.
• Answer all the questions.
• Write your answer to each question in the space provided in the Printed Answer 

Booklet. Additional paper may be used if necessary but you must clearly show your 
candidate number, centre number and question number(s).

• You are permitted to use a scientific or graphical calculator in this paper.
• Give non-exact numerical answers correct to 3 significant figures unless a different 

degree of accuracy is specified in the question.
• The acceleration due to gravity is denoted by g m s–2. Unless otherwise instructed, when 

a numerical value is needed, use g = 9.8.

INFORMATION
• The total mark for this paper is 100.
• The marks for each question are shown in brackets [ ].
• You are reminded of the need for clear presentation in your answers.
• The Printed Answer Booklet consists of 16 pages. The Question Paper consists of 

12 pages.

You must have:
• Printed Answer Booklet

You may use:
• a scientific or graphical calculator

Friday 14 June 2019 – Afternoon 
A Level Mathematics A
H240/03 Pure Mathematics and Mechanics
 Time allowed: 2 hours
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Formulae
A Level Mathematics A (H240)

Arithmetic series
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Binomial series
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Differentiation

tan kx seck kx2
sec tanx x
cosec x2-
cosec cotx x-
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Quotient rule y v
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Differentiation from first principles
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Integration
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Integration by parts  u x
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Small angle approximations
sin .i i , cos 1 2

1 2.i i- , tan .i i  where i is measured in radians
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Trigonometric identities
sin sin cos cos sinA B A B A B! !=^ h
cos cos cos sin sinA B A B A B! "=^ h
tan tan tan

tan tanA B A B
A B

1!
"
!=^ h             A B k 2

1! ! r+a ^ h k
Numerical methods

Trapezium rule: y x h y y y y y2d
a

b
n n2

1
0 1 2 1f. + + + + + -^ ^h h" ,y , where h n

b a= -

The Newton-Raphson iteration for solving x 0f =^ h : x x x
x

f
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A B A B A BP P P P, += + -^ ^ ^ ^h h h h
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The binomial distribution

If ,X n pB+ ^ h then P X x n
x p p1x n x= = - -^ c ^h m h , mean of X is np, variance of X is np p1-^ h

Hypothesis test for the mean of a normal distribution

If ,X N 2+ n v^ h then ,X nN
2

+ n
vc m and ,

n
X 0 1N+n
v

- ^ h
Percentage points of the normal distribution
If Z has a normal distribution with mean 0 and variance 1 then, for each value of p, the table gives the 
value of z such that Z z pP G =^ h .

p 0.75 0.90 0.95 0.975 0.99 0.995 0.9975 0.999 0.9995
z 0.674 1.282 1.645 1.960 2.326 2.576 2.807 3.090 3.291

Kinematics
Motion in a straight line Motion in two dimensions
v u at= +   tv u a= +

s ut at2
1 2= +   t ts u a2

1 2= +

s u v t2
1= +^ h   ts u v2

1= +^ h
v u as22 2= +

s vt at2
1 2= -   t ts v a2

1 2= -
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B

C

30°

 The diagram shows a ladder AB, of length 2a and mass m, resting in equilibrium on a vertical wall 
of height h. The ladder is inclined at an angle of 30° to the horizontal. The end A is in contact with 
horizontal ground. An object of mass 2m is placed on the ladder at a point C where AC d.=

 The ladder is modelled as uniform, the ground is modelled as being rough, and the vertical wall is 
modelled as being smooth.

 (a) Show that the normal contact force between the ladder and the wall is 
( )
h

mg a d
4
2 3+

. [4]

 It is given that the equilibrium is limiting and the coefficient of friction between the ladder and the 
ground is 3.8

1

 (b) Show that ( )h k a d2= + , where k is a constant to be determined. [7]

 (c) Hence find, in terms of a, the greatest possible value of d. [2]

 (d) State one improvement that could be made to the model. [1]

END OF QUESTION PAPER
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