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Formulae
A Level Mathematics A (H240)

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

Geometric series

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

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

n _ _ n _ n!
where Cf_”Cf_[r]_ir!(n—r)!

n(n—1) 2, +n(n—1)...(n—r+1) ;

(1+x)"=1+nx+ TR ] X+... (xX<1LneR)

Differentiation

f(x) f'(x)

tankx k sec?kx
Secx secxtanx
cotx —cosec?x
COSECX — COSECX COt X
du dv
Voo — U
i _u dy_ Ydx “dx
Quotient rule y = VX ¥

Differentiation from first principles
f(x+h)—f(x)

Integration

Jff,((::)) dx = In|f(x)|+c¢

ff (X)(F(x)" dx n—lk I

Il
—h
X

Nt
]
7
AN
+

- av . |,du
Integration by parts Ju& dx = uv Jvdx dx

Small angle approximations
sin6 ~ 0, cosh ~ 1— 262, tan6 ~ 6 where 6 is measured in radians
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Trigonometric identities
sin(A+B) = sinAcosB+ cosAsinB

cos(A+B) = cosAcosBFsinAsinB

tanAttanB

Numerical methods

Trapezium rule: fabydx ~ sh{(Yo+Y)+2(Y, +Y,+ ... +Y, )}, where h = b-a

n
o 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(A)P(B| A) = P(B)P(A|B) or P(A|B)= P(FQ;)B)

Standard deviation
/Z(X—f()z_ 3 Zf X X fo
n = oo X or ST

Thebinomial distribution

If X~ B(n, p) then P(X=x) = [2] p*(1—p)" ", Mean of X isnp, Variance of X is np(1—p)

Hypothesistest for the mean of a normal distribution

U, jmdﬂwamD

If X~ N(x, 0?) then X~ N

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
z | 0.674 1.282 1.645 1.960 2.326 2.576 2.807 3.090 3.291

Kinematics
Motion in astraight line Motion in two dimensions
v=u+at vV =u-+at
s=ut+iat® s=ut+zat?
s=2(u+wt s=2(u+v)t
v2 = u?+2as
— 1,42 _ 142
S—Vt—Eat S—Vt—Eat
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Answer all the questions.
1 The points A and B have coordinates (1, 5) and (4, 17) respectively. Find the equation of the straight line

which passes through the point (2, 8) and is perpendicular to AB. Give your answer in the form ax+ by = c,
where a, b and ¢ are constants. [4]

2 (i) Usethetrapezium rule, with four strips each of width 0.5, to estimate the value of

? 2
f e dx
0
giving your answer correct to 3 significant figures. [3]
(ii) Explain how the trapezium rule could be used to obtain a more accurate estimate. [1]

3 Inthisquestion you must show detailed reasoning.

Find the two real roots of the equation x*—5 = 4x?. Give the roots in an exact form. [4]

4  Provealgebraically that n®+3n—1isodd for al positive integersn. [4]

5 Theequation of acircleis x> +y?+6x—2y—10 = 0.
(i) Find the centre and radius of the circle. [3]

(i) Findthe coordinates of any pointswheretheline y = 2x— 3 meetsthecircle x* +y? + 6x—2y— 10 = 0.
[4]

(iii) State what can be deduced from the answer to part (ii) about the line y=2x—3 and the circle
X2 +y? +6x—2y—10 = 0. [1]
6  Thecubic polynomial f(X) isdefined by f(x) = 2x* — 7x? + 2x+ 3.
(i) Giventhat (x—3) isafactor of f(X), express f(x) in afully factorised form. [3]
(i) Sketch the graph of y = f(X), indicating the coordinates of any points of intersection with the axes. [2]
(iii) Solvetheinequality f(x) < 0, giving your answer in set notation. [2]

(iv) Thegraph of y=f(x) istransformed by a stretch parallel to the x-axis, scale factor %
Find the equation of the transformed graph. [2]
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7  Chrisruns half marathons, and isfollowing atraining programme to improve histimes. Histime for hisfirst
half marathon is 150 minutes. His time for his second half marathon is 147 minutes. Chris believes that his
times can be modelled by a geometric progression.

(i)

(i)

(iii)

8 ()
(i)

Chris sets himself a target of completing a half marathon in less than 120 minutes. Show that this
model predicts that Chriswill achieve his target on his thirteenth half marathon. [4]

After twelve months Chris has spent a total of 2974 minutes, to the nearest minute, running half
marathons. Use this model to find how many half marathons he has run. [3]

Give two reasons why this model may not be appropriate when predicting the time for a half marathon.

(2]

Find the first three terms in the expansion of (4—x)‘% in ascending powers of x. [4]
The expansion of 3%% is16—X ... . Find the values of the constants a and b. [3]

9  Thefunctionf isdefined for all real values of x as f (x) = c+8x—x?, where c is a constant.

(i)
(i)

Given that the range of f is f(x) < 19, find the value of c. [3]

Given instead that ff(2) = 8, find the possible values of c. [4]

10 A curve has parametric equations x=t+gand y=t—%,for t+#0.

()
(i)
(iii)

t

Find (;—di interms of t, giving your answer in its simplest form. [4]
Explain why the curve has no stationary points. [2]

By considering x + y, or otherwise, find a cartesian equation of the curve, giving your answer in aform
not involving fractions or brackets. [4]

11 Inascience experiment a substance is decaying exponentialy. Its mass, M grams, at timet minutesis given
by M = 300e %,

(i)

Find the time taken for the mass to decrease to half of its original value. [3]

A second substance is also decaying exponentially. Initialy its mass was 400 grams and, after 10 minutes,
its mass was 320 grams.

(i)

© OCR 2018

Find the time at which both substances are decaying at the same rate. [8]
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12 Inthisquestion you must show detailed reasoning.

YA
- >
(Zﬂ:l O) X
. _ 4cos2x |

The diagram shows the curve y = 3—snox’ for x>0, and the normal to the curve at the point (37,0).
Show that the exact area of the shaded region enclosed by the curve, the normal to the curve and the y-axis
. 9, 1 »
ISan‘i‘ﬁSﬂ . [10]

13 A scientist is attempting to model the number of insects, N, present in a colony at time t weeks. Whent =0
there are 400 insects and when t = 1 there are 440 insects.

(i)

(i)

(iii)

© OCR 2018

A scientist assumes that the rate of increase of the number of insects is inversely proportional to the
number of insects present at time't.

(&) Writedown adifferential equation to model this situation. [1]
(b) Solvethisdifferential equation to find N in terms of t. [4]
In a revised model it is assumed that %—T = ﬁ;ﬁ' Solve this differential equation to find N in
terms of t. [6]
Compare the long-term behaviour of the two models. [2]

END OF QUESTION PAPER
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