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Formulae

A Level Mathematics A (H240)

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

Geometric series

a(l-r")

S, =
1-r

S ZIL for |r|<1

o
—-r

Binomial series

(@a+b)' =a"+"C,a"'b+"C, a"?b*+ ... +"C,a" b+ ... +b"  (neN),
!
where "C, = ,C, = Tl
r) rl(n—r)!
(1+x)":1+nx+n(n—'_1)x2+ +n(n—1)...$n—r+1)x,+ (|x|<1, neR)
r!
Differentiation
f(x) f'(x)
tan kx ksec? kx
secx secxtan x
cotx —cosec’ x
Ccosec x —cosec xcotx
du dv
w &y Vi Yde
uotientrule y=—, —=—>_— >
Q Y v dx v

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

e = i 2

Integration

fl
%dx =In|f(x)|+c

1

ﬁ(f(X)) +c

j £(x)(£(x))" dx =

Integration by parts ju de =uv— I vd—udx
dx dx

Small angle approximations

sin@ = @,cosf ~1 —%Hz,tan 6 ~ @ where 0 is measured in radians
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Trigonometric identities

sin(A+ B)=sin Acos B+ cos Asin B

cos(A+ B)=cos Acos BF¥sin Asin B
tan A+ tan B

tan(4+ B)=———— A+ B#(k+Hx
( ) 1F¥tan Atan B ( (k+2)7)

Numerical methods

Trapezium rule: bedx ~Ih{(Yo+y,)+2( +y, +...+Y,)}, where h = b=a
N : f(x,)
The Newton-Raphson iteration for solving f(x)=0: x,,, =x, — ' . )
x}’l
Probability
P(AUB)=P(A4A)+P(B)-P(ANB)
P(ANB)=P(A)P(B|A)=P(B)P(4|B) or P(4 |B):%

Standard deviation

= (x-%) _ /sz_fz o I5f (x-%) _ [ o
n n >f >f

The binomial distribution

If X ~B(n, p)then P(X =x) = [n]px (1- p)"*, mean of X is np, variance of X is np(1 — p)
X

Hypothesis test for the mean of a normal distribution

- : X-u
If X~N(u, o2)then X ~N| 1, < |and ~N(0, 1
(/1 ) (ﬂ nj o/ Jn 0, 1)

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 P(Z <z)=p.

p | 0.75 0.90 0.95 0.975 0.99 0.995 | 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 a straight line Motion in two dimensions
v=u+at v=u+at

s=ut+Lat’ s=ut+lar’
s=2(u+v)t s=1(u+v)s

2 2
v =u’"+2as

s=vt—%at2 s=vz‘—%at2
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Section A: Pure Mathematics
Answer all the questions

1 Simplify fully.

(a) \/ajx\/@

2]
¥A+ -
1§m) Ja’ x 51—6’0- = \)_l(:»"
¥t‘ = 4a°
b°):
(b) (4b7) 2l
L) 32L°
2 A curve has equation y = x° —5x*,
2
(a) Find % and jx—); [3]
72_0‘) %._ )Cg-‘.;x"'
#'— 5)‘—4 - ZOx?
e
ell\-[ = 2012 - 603{.1
)(,l
(b)

Verify that the curve has a stationary point when x=4.

(2]
b) e X = 4

G- S(w) - 20(4)
’ J
d
= |12%0 - 1280
e

Do in t

X1 o Sb}i or g
J
doe
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(¢) Determine the nature of this stationary point. 2]

) oha x - 4 4l - 20(s)- 60(4)
dx’
= 1280 - 960

= 120

ZLO > O ,L?/)ce hq?s &\m\ioncmj (Iao A X [

| Minitmut e

A publisher has to choose the price at which to sell a certain new book.
The total profit, £¢, that the publisher will make depends on the price, £p.
He decides to use a model that includes the following assumptions.

J If the price is low, many copies will be sold, but the profit on each copy sold will be small,
and the total profit will be small.

. If the price is high, the profit on each copy sold will be high, but few copies will be sold, and
the total profit will be small.

The graphs below show two possible models.

£ A
(12, 7200) (6, 7200)
0 2 7 0 7
Model A Model B
(a) Explain how model A is inconsistent with one of the assumptions given above. 1]

i

?i“) MOL:\,, , A S\naws | e \n-OL PNY}'“ £ (N\’Vf'\ Y
' 15 ‘ma\. - ]
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(b) Given that the eauation of the curve in model B is quadratic, show that this equation is of the
form f=k(12p- ) -d find the value of the constant & .

2]
L) “‘ (l)asses “nrouo\; (O,O) and (12,0) (")eam'n%.
? -0 ad P - 12 ase \aon roch olr qu_
1 .__,27,mzlioa N
S b= kp(iz- o)
we  Raows  that e po 6, k= 1200
7200 = kx Ex €
kR = 200
E - 200p (12-p) -
£ - Zoo(\zﬁ— Ipl)

(¢) The publisher needs to make a total profit of at least £6400. Use the equation found in part (b)
to find the range of values within which model B suggests that the price of the book must lie.

[4]
¢) 20012 - p') > 6400
2400y - 20091 > 6400
0> 20091 - 2400p ~ 6400
O > lol-— \29 + ZZ
0> (p-4 e -8)
L/ herce 4 < p € 8
Pr;ce ('W.S(? Le Le]‘uw )i‘\- an,ﬂ 1‘.8
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(d) Comment briefly on how realistic model B may be in the following cases.

[2]
° p=0
. p=12.1
l ] o o
J“ ?" 0 IS Uarm\iskc \DELMSF i\- fi_.ﬁ_»aLvi_n_{%_.et_ci@fs&r,
—ﬁ_hne l:mk Jior %Pee. ﬂnerqor i_*v,&\oﬂi_.._b@,_w_
I _nesa}s ve as }L&J wWov U __(\_r)a\?e /e \0“ S
.___{) - 12.) Sives '8 neguhive \'m,l.ue, ol‘_ E. "/LU S
Coud \ne rtu‘ n':.L‘c. s Yov PW’G l"ﬂn‘?& o
|oss i} P s foo \')in\a
| | J
1
E — i ial fracti
4 (a) Xpress (x—l) (x+2) In partial fractions [2]
4la) et t - A . B
(x-1 )x+2) x =1 Y+
I = A(x+2)+« B(x-1)
0O = A +1D
A--%
1 - 2A -1
| = 2A +A
IA = | _
A = = B = -1
3
z. | - ! _ )
(e =1 )(x+2) 3 (x-1) I(x+2)
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(b) In this question you must show detailed reasoning.
3
1
—— dx.
) (x - l) (x + 2)
. o 5
Give your answer in its simplest form. 151

L R R

‘]'L (x-1)(x+2) =~ ‘\2 3(x 1) T (c+2)

Hence find J

= %‘l,.()c-—\)-‘%g]n(xﬁ—z)

T

o\~

= 3L (3- 1) -5 (B+2)-
AV S A N
\

L(2-1)« 5. (2+2)
), Lo

The diagram shows the circle with centre O and radius 2, and the parabola y = %(4 -x° )

> X
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The circle meets the parabola at points P and Q, as shown in the diagram.

(a) Verify that the coordinates of O are (1, NG ) [3]
S m) f\,e eclNL\S‘On 0% “ve Citcle s x xsi = 4.
CLeck Hnali ( ‘, JTK ) |-‘es Oon '}L,e_ circ‘e o.n(l
H-»e (')W‘oklao‘ot..
Circ\e t Vo N - 4
|+ 3 = 4
b= 4
Prcabole - om (e-0%)
- 5 (2)
J3 = 2 —

H(’nce apu kno (o e (/OOHL'/IUL"ES o% Q mosk L:-e.
(1,3%)

(b) Find the exact area of the shaded region enclosed by the arc PQ of the circle and the parabola.
8]

b)
P//"""}Q )\J' s (I,O)

/ \"/ \ N. : (",O)




PhysicsAndMathsTutor.com

S 3
D}
= 22
373
23
0\
Arm o% SecLor POQ = "zr‘o@
Q
% N wb- 1 = 6-7
OLEL__, 3
LM

Arﬂa

o} PMO - An&a oL QN.O - 03

2
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Helga invests £4000 in a savings account.
After ¢ days, her investment is worth £y.
The rate of increase of y is ky, where k is a constant.

(a) Write down a differential equation in terms of #, y and £. 1]

|

(b)  Solve your differential equation to find the value of Helga's investment after ¢ days. [4]
Give your answer in terms of k and ¢.

— -

g Lg;__,,,i%j k “

dt - -

1 — .

) "‘()" R I

| J

\nm = kt + C
kt + C
W= €
V)
o~ Actt
o J
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o r . .
It is given that k= 5=In (1 +ﬁ) where r % is the rate of interest per annum.

During the first year the rate of interest is 6% per annum.

(c¢) Find the value of Helga's investment after 90 days.

2]
) che r- ,,,,,6,,M, k- 52?,";6! j’,ﬁéo},)'f
L k - I (‘T%: ) )
s
an ln (1 06>
. = 768
LA b9, w- 4000e
1 A
o= 40%1.89
After one year (365 days), the rate of interest drops to 5% per annum. [5]

(d) Find the total time that it will take for Helga's investment to double in value.

1) de -5 k- H L (s 5)

k ~ 1, (ros)
368
Azr}cr Woe %mk \kA)W ber  investmel wor i
(106 )
. 4000 " s

s o5

= 424-0

S for be  pext  uears e vale o} he:

inwsl?(\-.e.\ w-.ll %0“ oW Hne equoson

9 = 4240 ehb
becavse we can  wse 4240 as Woe  onibed
amou.t

&,e 3\’w“e,ﬂ o%.l\. (,u'»“n i‘f—(x)O So e e \oo\ﬂ\'nq
for hoo |om:) + fakes %o reach £ 3000

D0 - 4240 o
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— E - 494953

Bu} H,.‘_( is 4‘# L\-ﬁ . %? o(ax\;)s a({\‘er Hne B

{—n‘rst' .
lseo.r eaded |, So we need 41; add on the

_ 36 5 Aa%s 1 \'oo\? l:b Set Hne iavestmed
b £ 4240.

4949 83 + % = Sh4¥2
- ¥ olou&s

L —

Section B: Statistics
Answer all the questions
7 (a) The heights of English men aged 25 to 34 are normally distributed with mean 178 cm and
standard deviation 8 cm.

Three English men aged 25 to 34 are chosen at random.

Find the probability that all three men have a height less than 194 cm. [3]

1 @) let X = Le:\o)\\»& of  aven

X~ N (198, 8%)

P(X < 14) = P (x-125 , 19%-18 |

3 3 /
- P(2z < 2)
= 0.9%172

ﬂ,.‘; s the {)rc\om\a}\i\b that One read om\\s o
| ,A,‘_E«ko.sga_h Man has o %eial,t op Ces than V94w
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fa e me o Pobebibh 01727

’—"‘—-—_—__‘

(b) The diagram shows the distribution of heights of Scottish women aged 25 to 34.

10 . 150 . 160 170 180

The distribution is approximately normal. Use the diagram in the Printed Answer Booklet to

estimate the standard deviation of thesg heights, explaining your method. 31

’ b ) qso/.. of fhe valves lie Wl 7 dadad
d(w-‘a‘iom o%. Hne Mean
1 .Mean ‘bo\?l u,f)lgco x}ma‘~e|\6 ‘6?

N
/ 0.9% \

Y
-

167 <

= | 11’ %(o(» %fk’
( Yoa ase a.uoue d valves {»(“om \7‘5 (:b ‘ 1+ )

x - 163 - 2 shedad  deviakons
V¥4t =163 - X
l4 = 2s
s- 1

—
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8 A market gardener records the masses of a random sample of 100 of this year's crop of plums.
The table shows his results.

Mass, m<25 | 25<m<35 | 35<m<45 | 45<m<55|55<m<65 | 65<m<75| m=>75
m grams

Number 0 3 29 36 30 2 0
of plums

(a) Explain why the normal distribution might be a reasonable model for this distribution.  [1]

" ia— ) ﬂﬂ e A.a.“a [t 360-1(-1 cl'n’ cal co:th, Hoe \m‘(o\hea l:

Vulue.s a& “ﬂﬁ (@.ht MJ |ower Va,Lues

_OLl? Hu: ]rwils

(b) Find the number of plums in the sample that this model would predict to have masses in

the range:
(i) 35<m<45 2]
o xe N (#15,000)
P (33 < x < 4%8)
PR - 41% < X-41S < 4% - 418
io lo Vo
= P(-128 < 2< -0.25)
: P(2<-028)- P(z<-128)
= (1-0598F)- (1 - 0.8944)
- 0295%
Aueber o plopms - 0.298% x 100

=~ 29.5%¢
- 30



Roberto David
Retângulo
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(ii) m <25. 2]
L P(x < 28)
S P x- 4tS . 2%5- 413 )
10 \o /
- P(z2 < -2.2%8)
= b - 0.9%1 &
~ 0 0122
no("lLe/ of sloos = 0O.0\22 x 100
- 1727
-1
1]

Use your answers to parts (b)(i) and (b)(ii) to comment on the suitability of this model.

(©

c) *,,,'30 1 c‘me L‘b Hne ox;sarvei Va.lve 0&,
- Zqi ,,,,,‘—Of ’35 < ™ < 45’

s due b e cbscred  vdbe o O

("704(;"77 (,QU\J- Be ) 50}0&;‘\6 -

Herce
The market gardener plans to use this model to predict the distribution of the masses of next year's

crop of plums.

1]

(d) Comment on this plan.

d)  Next L S be cL;NemL,,, SO Year.

meming, ﬁiﬂ')ﬁ,,,,,,,,,,,(haS.SL, ,0\,7?‘09)& (\”a\ﬁ n,o\:

Moo the  same  Litribobon

(eather  Gondibons,  So) condibons et may _c_\v__cw_fae
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The diagram below shows some “Cycle to work™ data taken from the 2001 and 2011 UK censuses.
The diagram shows the percentages, by age group, of male and female workers in England and
Wales, excluding London, who cycled to work in 2001 and 2011.

. ——2001 - Males —
..... 2011 - Males

SIRIEE 2001 - Females
--------- 2011 - Females

Pt /
e
|

o
4
1
\
/
1

W

\]

[u—

Percentage of workers who cycled to work

=]

16-19 20-24 25-29 30-34 35-39 40-44 45-49 50-54 55-59 60-64 65+
Age

The following questions refer to the workers represented by the graphs in the diagram.

(a) A researcher is going to take a sample of men and a sample of women and ask them whether or
not they cycle to work.

Why would it be more important to stratify the sample of men? 1]

qfu_)k ,__ﬂnj . {)erce.“a:{)e _0*,_“ o\(.le; Méa (-u\')(,} _ C\:)C\e ___ Vanes

o \ol; ___.__{,to(‘) dhe F ,"aae O e%Lt-r tjcmc\)g

v' B ¢ [ 7 C.),\no o&\&_, i MOK \jQQGO __Mmea  seets
i b u\a}c\e o ode  men
L Foe women Yhe ?qLce,.}u& _obho cycle remain

L e lob more onsistab behueer  the ase  Qroups
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A research project followed a randomly chosen large sample of the group of male workers who were
aged 30-34 in 2001.

(b) Does the diagram suggest that the proportion of this group who cycled to work has increased or decreased
from 2001 to 2011? Justify your answer. 2]

L_)m______DeCPeaé_.ec( o o
L _‘X’.Ofle n Hne 7:30 - 34 ,stogp in 7200\ gre i
H”c , 40- 44 ,,VSCOUF an 20“ ) _
, l/Le_ —propor Ivon i the 40 - 44 omo%;
_ swallee  thaa i the Q0 - R4 T R _

(c)  Write down one assumption that you have to make about these workers in order to draw this [1]
conclusion.

;L /L_ﬁ.__ SQMWL 9&* flcn]ale X aﬂomxlmo&el 3 the Same

- size cill, no (‘Mh’.s Um-:) J‘o-‘m‘o 3 or : _\6®y.i-n.c,3_,

R “H’IL__ ““?UP Le"ween 100) oncl 20

10 In the past, the time spent in minutes, by customers in a certain library had mean 32.5 and
standard deviation 8.2.

Following a change of layout in the library, the mean time spent in the library by a random sample
of 50 customers is found to be 34.5 minutes.

Assuming that the standard deviation remains at 8.2, test at the 5% significance level whether the
mean time spent by customers in the library has changed. [7]

;(_ \_J\ : N(‘Zz*g i 8§_°25 )____ nd &~ 'Hoe m\\ ]')\3{&“06’.\-5
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P(%>345%) - P[X-128%  345-32%

>
8.1 ’ 8.2 }
_ Jse B A
- - P(z > \¥2%) -
= - 0.9%%3 I
= 0. 042% S
O.042% > 0.02%8
Aae?k Ho’ I‘A)u%l‘,\(ifnl ovideice Hoa‘ Hoe; e %‘me_

SO 01‘ n "\;e

\;L“Lnji Lou CLPQI)(J\UQ_CL

\

11 Each of the 30 students in a class plays at least one of squash, hockey and tennis.

()

18 students play squash

19 students play hockey

17 students play tennis

8 students play squash and hockey
9 students play hockey and tennis
11 students play squash and tennis

Find the number of students who play all three sports.

|

@) ﬂ’/\

»

Firsk j‘.:ni 0,2, Y in tecm,

M+ll+8-xt\8
[¥)

:1-—\
3

[3]



PhysicsAndMathsTutor.com

w+ It 9ox= V1

w= x -

Z4 8+ a—- x = |9

Z = x+71

MQ@ (ve \nowe

ﬂve bokal of these s 07@ te R0

K-+ A=A + X+ 2 « g+t + §-p +x- 1 =30
2%+ > =70
x = 4

H?nce Hoe Ut be oTL lapnlo\e cho ?lm\} A

Hmree is L
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A student is picked at random from the class.

(b) Given that this student plays squash, find the probability that this student does not play
hockey. 1]

L) I —

[ S\
AR
) \\Lﬂé;\//

N
S

P(ners) - P(Hns) = F+3
P(s) F43+ b4

Two different students are picked at random from the class, one after the other, without
replacement.

(¢) Given that the first student plays squash, find the probability that the second student plays
hockey. (4]

ML) /\\nere wse. \'LJO cases Uuou need &o Cons.dec

E’Ler the firs t person P \Cu:\) S L_o_c.kg.ﬁ,A s el

Qas S?u a&\n , Or H;Q:j (,lc)/;l.‘ ?\QU \’)O Ck&%(' J—

P(H\S) s PHISHP(M ) H oA S )+ P(H.‘ls.)P(Ha\H-}jz

P(MVS) = &« . g g )4

q 7 za 17 29

P (H\S)

'

16 ¢

26)

—
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The table shows information for England and Wales, taken from the UK 2011 census.

Total population Number of children aged 5-17

56 075912 8473 617

A random sample of 10 000 people in another country was chosen in 2011, and the number, m, of
children aged 5-17 was noted.

It was found that there was evidence at the 2.5% level that the proportion of children aged 5-17 in
the same year was higher than in the UK.

Unfortunately, when the results were recorded the value of m was omitted.

Use an appropriate normal distribution to find an estimate of the smallest possible value of m. [5]

‘2 propochen = o = $4-7361% = 0.8}
1

S€0 #5912

|e\ )(‘- num\;er o% ;L;U-ro» asecl S-H’ in Hne Sap.?\Q

X~ B (10,000 01811 )

Mg = 0p = 10000 x 0.1%1)1 =  I%1)

_i Standad  deviabos = .54?“_9) ~ Rooo (oasu) (- 04811)

| = Jizs3

Cv G.E 2.5 G/v s \6\6

Igh + 1.9 x Jizgsz = 1581

‘ ﬂn& MiniM Y™ valve of M i 153 )
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13 The table and the four scatter diagrams below show data taken from the 2011 UK census for four
regions. On the scatter diagrams the names have been replaced by letters.
The table shows, for each region, the mean and standard deviation of the proportion of workers in
each Local Authority who travel to work by driving a car or van and the proportion of workers in
each Local Authority who travel to work as a passenger in a car or van.
Each scatter diagram shows, for each of the Local Authorities in a particular region, the proportion
of workers who travel to work by driving a car or van and the proportion of workers who travel to
work as a passenger in a car or van.

Driving a car or van

Passenger in a car or van

Mean

Standard
deviation

Mean

Standard
deviation

London

0.257

0.133

0.017

0.008

South

0.578

0.064

0.045

0.010

East

South 0.580 0.084 0.049 0.007
West

Wales 0.644 0.045 0.068 0.015

Region A
0.8 -

0 0.02 0.04 0.06 0.08 0.1 0.12
Passenger in a car or van

Region B

0 0.02 0.04 0.06 0.08 0.1 0.12

Passenger in a car or van

© OCR 2018 H240/02
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Region D
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5 .
- §TE
0 0.02 0.04 0.06 0.08 0.1 0.12
Passenger in a car or van
4
0 0.02 0.04 0.06 0.08 0.1 0.12

Passenger in a car or van
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(a) Using the values given in the table, match each region to its corresponding scatter diagram,
explaining your reasoning. [3]

—t - e A —
|

zt"») Re 00 ,B,,,j,s,, \Ja,\LS \occa.uu: hg-‘;,,-j_,,,“:»gﬁyei\,\ﬁ,wm

- SmP\n Chich has _arovad __D L Qc¥
— e lhe  (Means  On Hcax___vﬁgﬁaeg__(é{qt:bs B
SN E— ,\ch . *of LSS er¢\Rr in ) . B
— S/‘m-‘lw|5 , FC(CA)iO/r D s Looe’.ofa \,O,Pccwse l‘ - Hae,,, -

uly acaph Koot Could hove o tmeas as
\oi as 0.0% for passeraer I
Keas ons A and C are similou bot  cegion

\

C \qo.s o \(A/‘Oe/ S [g reao( 0# ciriv;‘n (‘Al \o(‘: cqQuse
of B odtlier Tlois (means that C s Yhe

Socth  \west because the  vale of e standad
(J.evia.\'s‘on Lew_ is Ll@\n_ﬁf Hnan ‘»\' 3 %.o r ﬂgdf
South  Fast

There fore tCoion A the O

(b) Steven claims that the outlier in the scatter diagram for Region C consists of a group of small

islands.
Explain whether or not the data given above support his claim. 1]
L ) NG s "\- \‘)us\f 5\no(u; Hnu‘ ani ll)av'\'v clos \oca !
a,uH»orihG b o locoer dr)mlc)or%‘on of Peo1c\e
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(¢) One of the Local Authorities in Region B consists of a single large island.

Explain whether or not you would expect this Local Authority to appear as an outlier in the

scatter diagram for Region B. 1]
c ) ﬂnem is Qo [eason C)\n\:) \'\oe \a.n\,\)e idand  would
Low € c;;if\_‘Le ek lrmm: Fm 3 methed s b 0\\00 docad
au Hnw hes Sh + Pro\o a.\o‘\\;\) wOU\JAL‘ mﬂxﬂu Qas
n OUH ec




PhysicsAndMathsTutor.com

14 A random variable X has probability distribution given by P(X =x)=g5(1+x) for
x=1,2,3, ..., 40.

(a) Find P(X >39).

2]
V) P(x>30) - P(x = 40)
- 20 (1+40)
O = 4
860
I ~
(b) Given that x is even, determine P(X <10). [6]

L) P(X s ae) = P(X=2)+ P(x-4)+ + P(x=40)
L B -—iﬂg'to_"(l_fz)-e %lz'o(l-q-lt-)+--- + 5"6'0(\-‘- 40 )

s (72+ K+« 411)
860

= 0 [20 (3+ar) ) .
860( T }

= 922
473

P(Xa‘_\ ween ad X <10) = P(*‘-?,A—,é,g)
_8—‘640(3“'%*"#*0\)
= £
21%
p(X<|O‘X s we ) = P(X s e aad X<\0)
P(X s wen )

- 6 X 2—2

=

218 - 47
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END OF QUESTION PAPER
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