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Formulae

A Level Mathematics A (H240)

Arithmetic series
S, =3n(a+l)=3in{2a+(n-1)d}

Geometric series

_al-r")
H= 1-r

S, -2 for Ir|<1
1-r

Binomial series

(a+b)"=a"+"C,a"h+"C,a"*+ ... +"C, a""b' + ... +b"  (neN),

n n!
where "C, = .C, = =
r) ri(n-r)!

(1+X)n:1+nx+n(n—l_1)xz+ +n(n_l)m,(n_rJrl)XW (|X|<L neR)
rl
Differentiation
tankx e o
CX sCcxXtan X
coix —cosec? X
COSEC X —COSEC X Cot X
NTINEY
Quotient rule y:H, Q:M
v dx v

Differentiation from first principles

f’(x) = L|ngw
I ntegration

') o

0 dx=In|f (X)|+c

' n _i n+1
If ((F () de=—((0)"" +c

Integration by parts jud—vdx = uv—J.v% dx
dx dx

Small angle approximations

sineze,cosezl—%ez,tanezewheree ismeasured in radians
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Trigonometric identities

sin(A+B)=sin AcosB+cosAsnB
cos(A+B) =cosAcosBrsnAsnB

tan Attan B

tan(AtB)=———
1Fx tan Atan B

Numerical methods

Trapezium rule: j: yox=Ih{(Yo+ Yo) +2(Y, + Yo+ ...+ ¥,4)}, where h= Ta

(A£B=(k+3)7)

The Newton-Raphson iteration for solving f(x) =0: X, = X, 1)

Probability

P(AU B) = P(A) + P(B) — P(A B)

P(ANB) =P(A)P(B | A)=P(B) P(A|B)

Standard deviation

(%)

_ P(AnB)
P(A| B)——P(B)

—\2 —\2
/z(x—x) _ ’ZXZ—XZ or IZf(x—x) _ ,zfxz_XZ
n n =f >f

Thebinomial distribution

If X ~B(n, p)thenP(X = x) :(:‘J P*(@- p)"*, mean of Xisnp, variance of X isnp(1 - p)

Hypothesistest for the mean of a normal distribution

If X~N(u, o%)then )Z~N(,u,

Per centage points of the normal distribution

2
Jand

~N(0, 1)

If Z has anormal distribution with mean 0 and variance 1 then, for each value of p, the table gives the

value of zsuchthat P(Z <2) = p.

p| 075 0.90 0.95 0.975 0.99 0995 | 0.9975 0999 0.9995
z| 0674 1282 1645 | 1960 2326 2576 | 2807 3.090 3.201
Kinematics

Motion in astraight line Motion in two dimensions

v=u-+at v=u+at

s=ut+iat? s=ut+3at?

s=3(u+v)t s=3(u+v)t

vZ =u? + 2as

s=wvt—3at? s=vt-iat?
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Section A: Pure Mathematics

Answer all the questions

If [ =3, find the possible values of [2x-1|. [3]

Find the set of values of x for which [2x—1 > x+1.
Give your answer in set notation. [4]

Use the trapezium rule, with four strips each of width 0.25, to find an approximate

!
value for J ax. [3]
0 V1+ X

Explain how the trapezium rule might be used to give a better approximation to the integral
givenin part (a). [1]

3 In thisquestion you must show detailed reasoning.

Given that 59n2x=3cosx, where 0" < x < 90°, find the exact value of Snx. [4]

4  Forasmal angle &, where @ isinradians, show that 1+ cos@—3cos’ 6 ~ -1+ 5 67. [4]
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5 (a) Findthefirst threetermsin the expansion of (1+ px)* in ascending powers of x. [3]

(b) Theexpansion of (1+ax)(1+ px)% is 1+ X—2X%+....

Find the possible values of the constants p and q. [5]

6 A curve hasequationy = x* + kx—4x* wherek is a constant.

Given that the curve has a minimum point when x = -2
o find the value of k

o show that the curve has a point of inflection which is not a stationary point. [7]

7 (@ Find [5x°Vx* +1dx. [5]

(b) Find [6tan®0do.

You may usetheresult [ tan6d6 =In[secd]+c. [5]
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8 In thisquestion you must show detailed reasoning.

The diagram shows triangle ABC.

15°
VAL — 30° B
1 E

The angles CAB and ABC are each 45°, and angle ACB=90".
The points D and E lie on AC and AB respectively. AE=DE =1, DB=2.
Angle BED =90", angleEBD = 30" and angleDBC =15".

(@) Show that BC =

«/5;/5_ -

(b) By considering triangle BCD, show that sin15" = Jo-\2 . [3]
4
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Section B: Mechanics
Answer all the questions

9  Twoforces, of magnitudes 2 N and 5 N, act on a particle in the directions shown in the diagram

below.
2N
\ 40°
5N
(@) Calculate the magnitude of the resultant force on the particle. [3]
(b) Calculate the angle between this resultant force and the force of magnitude 5 N. [1]

10 A body of mass 20 kg ison arough planeinclined at angle « to the horizontal.
The body is held at rest on the plane by the action of aforce of magnitude P N.
Theforceis acting up the plane in adirection paralel to aline of greatest slope of the plane.
The coefficient of friction between the body and the planeis s .

(@ WhenP =100, the body ison the point of sliding down the plane.

Show that gSina = gucosa +5. [4]

(b) When P isincreased to 150, the body is on the point of sliding up the plane.

Use this, and your answer to part (a), to find an expression for « in terms of g. [3]
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11 Inthisquestion the unit vectorsi and j arein the directions east and north respectively.
A particle of mass 0.12 kg is moving so that its position vector r metres at timet secondsis given by

r=2t%+(5t° —4t)j.

(@) Show that when t = 0.7 the bearing on which the particleis moving is approximately 044°.
[3]

(b) Find the magnitude of the resultant force acting on the particle at the instant when t =0.7.

[4]

(c) Determine the times at which the particle is moving on a bearing of 045°. [2]
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12 A girl ispractising netball.
She throws the ball from a height of 1.5 m above horizontal ground and aims to get the ball through
a hoop.
The hoop is 2.5 m vertically above the ground and is 6 m horizontally from the point of projection.

The situation is modelled as follows.

e  Theinitia velocity of the ball has magnitude U ms™,
o The angle of projectionis 40°.

o The ball ismodelled as a particle.

o The hoop is modelled as a point.

Thisis shown on the diagram below.

40° 25m

6m

(@ ForU =10, find
(i) thegreatest height above the ground reached by the ball [9]
(it)  the distance between the ball and the hoop when the ball is vertically above the hoop.

[4]

(b) Calculate the value of U which allows her to hit the hoop. [3]
(c) How appropriate isthis model for predicting the path of the ball when it is thrown by the girl?

[1]

(d) Suggest one improvement that might be made to this model. [1]
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10

Particle A, of mass mKkg, lies on the plane /71 inclined at an angle of tan’1% to the horizontal .

Particle B, of 4mkg, lies on the plane /72 inclined at an angle of tan’lg‘ to the horizontal.

The particles are attached to the ends of alight inextensible string which passes over a smooth
pulley at P.
The coefficient of friction between particle Aand /71 is £ and plane /72 is smooth.

Particle Aisinitialy held at rest such that the string is taut and liesin aline of greatest slope of each
plane.

Thisis shown on the diagram below.

B 4mkg

(@ Show that when A isreleased it accelerates towards the pulley at Z—g ms 2 [6]

(b) Assuming that A does not reach the pulley, show that it has moved a distance of - m wheniits

. |79 _
eed /—m 1 2
sp is 0 S [2]

A uniform ladder AB of mass 35 kg and length 7 m rests with its end A on rough horizontal ground
and its end B against arough vertical wall.

The ladder isinclined at an angle of 45° to the horizontal.
A man of mass 70 kg is standing on the ladder at a point C, which is x metres from A.
The coefficient of friction between the ladder and the wall is £ and the coefficient of friction

between the ladder and the ground is 3 .
The system isin limiting equilibrium.

Find x. (8]

END OF QUESTION PAPER
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