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Formulae
A Level Mathematics A (H240)

Arithmetic series
S, =3 na+1)=3n{2a+(n—1)d}

Geometric series

Cal-r"
S = 1-r
_a
S, =17 for |r| < 1

Binomial series
(a+b"=a"+"c,a" b+ "C,a" b’ +...+"C.ad" b +...+b"  (neN),

where "C, = C, = <n> - n

n-r

n(n—1 nin—1...(n—r+1
(1+%)" = 1+ mx+ (2' )x2+...+ (-9 r'( )xr+... (<1, neR)
Differentiation
f(x) f'(x)
tankx ksec?kx
secx secxtanx
cotx —cose&’x
cos&EX —COS&X CotX
du dv
Voo — U
- _u dy_ Tdx “dx
Quotient rule y = VX ¥

Differentiation from first principles
v Fx+h) —=f(x)

0= im
Integration

Jff,((::)) dx = In|f(x)|+c¢

ff (X)(F (%) dx n—lk I

Il
—~
—h

X
=
S
T
=

+

- av .. [, du
Integration by parts Ju& dx = w Jvdx dx

Small angle approximations
sin = 0, cosO =~ 1— %92, tan® =~ 6 where 6 is measured in radians
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Trigonometric identities
sin(A+ B) = snAcosB+ msAsinB

0s(A+ B) = wsAcosBF snAsinB

tanA+ tanB

tan(Ai B) = m (Ai B # <k+ %)7[)

Numerical methods

Trapezium rule: fabdez %h{(y0+yn)+2(y1+y2+ o tY,_y)} where h = b; a

L fe
n+1 n f’(xn)

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

Probability
P(AUB) = P(A) +P(B)—P(ANB)

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

Standard deviation
6= _ 5% fo N[
noo Vo . > f

Thebinomial distribution

If X~ B(n, p) then P(X=x) = <2>px(1— p" ¥, Mean of X isnp, Variance of X is np(1—p)

Hypothesistest for the mean of a normal distribution

o2 X—
If X~ N(u, o) then X ~ N(, )and

/V— ~N(0,2)

Per centage points of the normal distribution

If Z has anormal distribution with mean 0 and variance 1 then, for each value of p, the table gives the value of z
such that P(Z < 2) = p.

p 0.75 0.90 0.95 0.975 0.99 0995 | 09975 | 0.999 | 0.9995
0.674 1.282 1.645 1.960 2.326 2.576 2.807 3.090 3.2901

Kinematics
Motion in astraight line Motion in two dimensions
V= u+at vV =u+at
s= u+3at® s= ut+3zat’
s=2(u+wt s=3(u+v)t
v2 = U +2as
— 142 _ 142
S= \/(—Eat S= Vt—Eat
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Section A: Pure Mathematics

Answer all the questions.

1 Acirclewith centre C has equation x*+ y*+8x— 2y— 7= 0.

Find
(i) thecoordinates of C, [2]
(if) theradiusof thecircle. [1]
2  Solvetheequation [2x— 1| =[x+ 3]. [3]

3 Inthisquestion you must show detailed reasoning.

A gardener is planning the design for arectangular flower bed. The requirements are:
e thelength of the flower bed isto be 3m longer than the width,

e thelength of the flower bed must be at least 14.5m,

e theareaof the flower bed must be less than 180m?.

The width of the flower bed isxm.
By writing down and solving appropriate inequalitiesin x, determine the set of possible values for the width
of the flower bed. [6]
4  Inthisquestion you must show detailed reasoning.
The functionsf and g are defined for all real values of x by
f(x)=x> and g(x)=x*+2.

(i) Write down expressions for

@ fg(x), (1]
(b) of(x). (1]
(i) Hence find the values of x for which fg(x) — gf(x) = 24. (6]
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(i)

(iii)

6 Itisgiven that the angle 6 satisfies the equation sin<29+ %ﬂ) = 3cos(29+ %ﬂ)

(i)

(i) Hencefind, in surd form, the exact value of tan6, given that 6 is an obtuse angle.

5

Use the trapezium rule, with two strips of equal width, to show that

4
1 11
dx = —=—v2.
J02+«/x 4

Use the substitution x = u? to find the exact value of
4
1
——dXx.
Jo 2+Vx

Using your answersto parts (i) and (ii), show that

V2

In2 = k+7,

where k is arational number to be determined.

Show that tan29 = 3.

7  Thegradient of the curve y = f(x) is given by the differential equation

and the curve passes through the point (1, 1). By solving this differential equation show that

(2x— 1)3% +4y?=0

_ax—ax+1
f<x)_bx2—bx+l’

where a and b are integers to be determined.
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(5]
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Section B: Mechanics

Answer all the questions.

: .1 0 . . . . :
In this question (O) and ( 1> denote unit vectors which are horizontal and vertically upwards respectively.

m, is acted on by gravity and

A particle of mass 5kg, initially at rest at the point with position vector <45>

1 —
also by two forces <_§> N and <_;> N.
(i) Find the acceleration vector of the particle. [3]
(if)  Find the position vector of the particle after 10 seconds. [3]

A uniform plank AB has weight 100N and length 4m. The plank rests horizontally in equilibrium on two
smooth supports C and D, where AC = xm and CD = 0.5m (see diagram).

4m
A Xxm C 05mD B

A A

The magnitude of the reaction of the support on the plank at C is 75N. Modelling the plank as arigid rod,
find

(i) the magnitude of the reaction of the support on the plank at D, [1]
(if) thevaueof x. [3]

A stone block, which is modelled as a particle, is now placed at the end of the plank at B and the plank ison
the point of tilting about D.

(itf)  Find the weight of the stone block. [3]
(iv) Explain the limitation of modelling
(a) the stone block asa particle, [1]

(b) theplank asarigid rod. [1]
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10 Threeforces, of magnitudes 4N, 6N and PN, act at a point in the directions shown in the diagram.

6N
l
4N ;
NOC' 0
VPN

Theforcesarein equilibrium.
(i) Show that 6 = 41.4°, correct to 3 significant figures. [4]
(i) Hencefind the value of P. [2]

The force of magnitude 4N is now removed and the force of magnitude 6N is replaced by a force of
magnitude 3N acting in the same direction.

(i) Find
(@) the magnitude of the resultant of the two remaining forces, [3]
(b) thedirection of the resultant of the two remaining forces. [2]

11 Thevelocity vms ™ of acar at timets, during the first 20s of itsjourney, is given by v = kt + 0.03t2, where
kis aconstant. When t = 20 the acceleration of the car is 1.3ms™2. For t > 20 the car continues its journey
with constant acceleration 1.3ms2 until its speed reaches 25ms™1.

(i) Findthevalueof k. [3]

(i) Find thetotal distance the car has travelled when its speed reaches 25ms1. [7]
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12 Oneend of alight inextensible string is attached to a particle A of mass mkg. The other end of the string is
attached to a second particle B of mass Amkg, where A is a constant. Particle A isin contact with a rough
planeinclined at 30° to the horizontal. The string is taut and passes over a small smooth pulley P at the top
of the plane. The part of the string from A to P isparallel to aline of greatest slope of the plane. The particle
B hangs freely below P (see diagram).

The coefficient of friction between A and the planeis 4.

(i) Itisgiventhat Aison the point of moving down the plane.

(@) Findthe exact value of u when A = %. [7]
(b) Show that the value of A must be less than 3. [2]
(ii) Giveninstead that A = 2 and that the acceleration of Ais %g ms2, find the exact value of . [5]

END OF QUESTION PAPER
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