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Formulae
A Level Mathematics A (H240)

Arithmetic series

S =3n(a+1)=3n{2a+ (n—1)d}

Geometric series

s :a(l—r”)

n l1—r

S =% for|r| <1
© ]—r

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

where "C_= C = [n] n!

r - r(n—r)!

~1 — 1) (n—r+1
(1+x)”:1+nx+—n(n )x2+---+n(n ). (nzr )x

"+... (¥|<1,neR)

2! 7!
Differentiation
f(x) f'(x)
tan kx k sec? kx
Sec x sec x tan x
cot x —cosec? x
cosec x —cosec x cot x
o v, dr
. _u Y dx dx
Quotient rule y = T 2

Differentiation from first principles

F = lim f(x+h) — £(x)

h
Integration
f'ex)
mdx = 1n|f(x)| +c

’ n 1 n
[E@EE)dr=—<E @) +e
Integration by parts fu%dx =uv— fv%dx

Small angle approximations

. 1 . . .
sin® = 6,cos0 =~ 1— 592,tan 6 =~ 6 where 60 is measured in radians

© OCR 2018 H240/02 Jun18
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Trigonometric identities
sin(4+ B) = sin A cos B+ cos Asin B
cos(A = B) = cos A cos BFsin Asin B

tan A t+tan B (AiB#(k+%)7Z)

tan(d + B) = 1 ¥tan A tan B

Numerical methods

Trapezium rule: J-bydx ~ %h{(yo +y)+2(y, +y,++y,_ )}, where h = b=a
L : f(x,)
The Newton-Raphson iteration for solving f(x) =0: x, ,, =x — Fx)
Probability
P(4UB)=P(4)+P(B)—P(4NB)
P(ANB
P(4NB)="P(4)P(B|4)=P(B)P(4|B) or P(4|B)= ;m)

Standard deviation

[Y>ax-%F [y _ > =%  [2fx
p = ; —Xx?2 or S7 = 57 —x?2

The binomial distribution

If X~ B(n, p) then P(X =x) = [n]px(l —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
o/vVn

2
If X~ N(,u,Gz) then X ~ N[ﬂ,G—J and
n

~N(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.

0.75 0.90 095 | 0975 099  0.995 0.9975  0.999 0.9995
z | 0.674 1282 1.645 | 1.960 2326 2.576 2.807 3.090 3.291

Kinematics

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

s =ut+3at’ s =ur+ar’

s =2(u+v)t s =2(u+v)t

v =u?+2as
1 1
s = vt—gat2 s = vt—gat2

© OCR 2018 H240/02 Jun18 Turn over



PhysicsAndMathsTutor.com
4

Section A: Pure Mathematics
Answer all the questions.

(i) Express 2x> — 12x + 23 in the form a(x + b)* + c. [4]

1) 2wt - 223 2[x -6 2]

- %_[QL;";)?’— Q —+7'%4

Y@-ﬂ+—

]

- 2 (x-3) + %

(i) Use your result to show that the equation 2x> — 12x + 23 = 0 has no real roots.

(1]

h A'Z (X -1 )1L X a.lwawss lpcsikve

co 206315 2

Thartpore. 2(-3)* 5 cannot =0
50 It @5 no real roots.

(iii) Given that the equation 2x*> — 12x + & = 0 has repeated roots, find the value of the constant . 2]

re|oea¥edl foots the discriminant ecl:ua\s zero

2w - o S0 A0rY)TTE 7T

k6 - 3k - o Thertfore (-3)"t5 cannot =0
8k ~ 4o 0 F @ noreal ok,
2k - 1%

—_—

Vi {for
!

© OCR 2018 H240/02 Jun18
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5

1 -3
2 The points 4 and B have position vectors [— 2] and [—1} respectively.

2

@) Find the exact length of AB.

2]

99 A - 8- A - [2)

\A)f?l - )\(-4)‘+ e (-3)°

ey

- Ju

—_—

(ii) Find the position vector of the midpoint of 4B.

1]

/u-?

L)

T

, VL
ARV A

1 5
The points P and Q have position vectors {2] and [IJ respectively.

0 3

(iii) Show that ABPQ is a parallelogram.

[3]

i QP - P- Q- [7) :

\-2/

S QP u gudl d Al .

Aq - G-A - (%)
\- ) !

b - P-p = (3]

AG o gPp are l@&a"e]

S we  hawe oo sels of ?ua“e\ lines | ©eanian

ARPQ is 8 ?ara“dosram

© OCR 2018 H240/02 Jun18
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Ayesha, Bob, Chloe and Dave are discussing the relationship between the time, ¢ hours, they might spend
revising for an examination, and the mark, m, they would expect to gain. Each of them draws a graph to
model this relationship for himself or herself.
Ayesha Bob Chloe Dave
m m m
A A A A
100 100 100 100
801 80 801 80
601 ﬁ 601 601 601
40- 40- 40- 40-
20 20 20+ 20
— —_— ——— ———
O 246810 ¢ 0246810 ¢ 0246810 ¢ 0246810 ¢

(i) Assuming Ayesha’s model is correct, how long would you recommend that she spends revising?

gﬁé) i Loucs , a#er Hm L‘m e sL,e &OEJ OoL' %a;,,

0/1;3("10!’& marj?s

(ii) State one feature of Dave’s model that is likely to be unrealistic.

!;a ) He CJ;H a&} no (\mr‘?s it Le &oes nu  Mevision
1 4 )| \
L

(iii) Suggest a reason for the shape of Bob’s graph as compared with Ayesha’s graph

}V. ) Bq\i So%caes{:.{ Hoal: l:oo Muc\,. [evision lemls ko
.
i
I

o oLrop in numbef ,,Qf ,mm_ks , J‘,or OXamlole

J[mpr- ~ tredoess

(iv)  What does Chloe’s model suggest about her attitude to revision?

‘Vl $€ QM ,4_l7 ,,AQ}_, revision SLe ({oesh (,,;‘.“ ool: @HLCJ.’\;,

e HALM,. i ,_Ol(ilbﬂ O|L S Gﬁa-rkS O

4  Provethat sin%(6 +45)° — cos?(0 + 45)° =sin26°.

]

A s (0 48) - ot (O~ &%)

1]

$.20

LUS : USing Coslr = Cos % - Smtx
v

L (0« 48) - o (6+4b) < -cs (2(0+ 4%))
=-cos (20+ 90D

© OCR 2018 H240/02 Jun18
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cos (+ B) = Cosk CosB — Sl S P

___‘_-’_5-?13,,,

— oy (26+ 40) = =Cos 26 Cos 10+ 51,26 5290

= SwlO
= RKKS o

fLercLorc Sin (O + &8 ) - tost (O+ 45 )= 5,20
1

5  Charlie claims to have proved the following statement.

’

“The sum of a square number and a prime number cannot be a square number.’

(i) Give an example to show that Charlie’s statement is not true.

Bli) eqg 1+ 3~ 4

!

Charlie’s attempt at a proof is below.

Assume that the statement is not true.

= There exist integers # and m and a prime p such that n*> + p = m?.
=p=m?—n?

=p=(m—n)(m+n)

= p is the product of two integers.

= p is not prime, which is a contradiction.

= Charlie’s statement is true.

(ii) Explain the error that Charlie has made.

(1]

[1]

| i) I, - then o @l be  an  inteqer
J t [ v
("W“'['Olfe& L)‘s j_. - )Y\’h.l Means Hna.(: $ o QJ»JL
nok La ll)rime in Hm‘s tase

(iii) Given that 853 is a prime number, find the square number S such that S + 853 is also a square number.

—

liii) let % S=a"

© OCR 2018 H240/02 Jun18

ﬂne other Sclzua:ecl aumber s (n<1)

83 wa'= (aed

[4]

Turn over



PhysicsAndMathsTutor.com

8
Find the area of the shaded region. (7]
T RS
851 = 2.
= A = 426
> §- 426 - 1314 ys
6 In this question you must show detailed reasoning.
A curve has equation y = lnTx
(i) Find the x-coordinate of the point where the curve crosses the x axis. [2]

614) = lax

acC

.2.1\1@1 b'—‘ s} 0= lg_)L_
pre

o e R N 0 = |q_x

(ii) The points 4 and B lie on the curve and have x coordinates 2 and 4. Show that the line 4B is parallel to
the x-axis. 2]

_i.L. L.\Len_._.__l(_—; (Z} o ‘a e _},,2

oher  x = &, 4= |:=_“__f- L
4

| - = 1a2
y coordinates ar e me sOMe sp e

2
line is parallel 10 fhe o axis ancl grodi et
=0.

© OCR 2018 H240/02 Jun18 Turn over
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(iii) Find the coordinates of the turning point on the curve.

i ﬁL= uv' t v = x(5) = Inoc (1)

I o

,Sb_tligg_csf,ﬁ, M octuss  Ghes dy = 0"

[4]

dx
O = {-lwx
X‘L

0 =V - lax )

1(1)( - | _ _

x = & = W= lhe =
v e
A _ d dv
C(bchinoJ‘ﬁS (e e ) QI” = V_d,(xl — u .HI
dx W
(iv) Determine whether this turning point is a maximum or a minimum. [5]

v)_;& (%) < (2 (1 = lon )
&X )(_“'

6w T —x - 2x « ZxVp

_jl
dx x
ZE; - .= ’3 ~+ ; Z)nJC

do” x

CJLQ/: x = € ;Lg o - T+ 2le -
dx’ 93 e’

- ) < O hexe X=e XS o Maxitmum
e’

H240/02 Jun18

Turn over




PhysicsAndMathsTutor.com
10

7  The diagram shows a part 4BC of the curve y = 3 — 2x?, together with its reflections in the lines y = x,
y=—-xandy=0.

Find the area of the shaded region. 7]

:_1,_-_ F”SL tind co\qerﬂ Hna wrve \'n“CTSECi"J Hoe l.‘nej_\a;x_
= - ), ?o;n}s C Gnr»d A

B x o= ’3“2):.1 a.t C
2 '+ x-7-0
(2x+?)("")"0

x s ?os:lwc ok C 5o Hoe % coordinte o
C is x = 1 aad ok A b s w = - |
do

[ {'o S_tl)m(‘-dnj S

Noow intearate -
N}

~- !

|

Tt de - |3 Ea

N

- -

|
LB
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ﬂne ¥o lta' S\nacleol atéa is *

4_5\ 8 x Area ot A
A

\ 7 = A+ R is (..)\rwul' we know

3
e Lowe caor\?ei oot qu area o A‘f‘? Lu}’
e aduu"\.j coant the area  of A o 8A-
bolal  shaded area
S o A+ R- 3% wd B = 0 (1x 1) then
| 3 ! 2
_A N - I
1 (S 6
8x A= 83« v = 44
6 3
Section B: Statistics
Answer all the questions.
8 (i) The variable X has the distribution N(20, 9).
(a) Find P(X > 25). [1]

Zik) X- N (20,9)

P(x>28)- pfx-20 J 25-20 )

1 2 /
o ~P(z2>1.6%)
= - 09528
- 0.04 15

r’/__-‘

© OCR 2018 H240/02 Jun18
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(b) Given that P(X > @) = 0.2, find a. 1]

b)

>a) - 0.2
. «-20) -0272
7 T

p(X
P/,
\

o« -20 = 0. 34
3

252 + 20
12.%

>
W

(¢) Find b such that P(20 — b < X < 20 + b) = 0.5. 3]

) P(20-b ¢x<20+bL)= 05

= P[20-b-20 <X-20 < 20+b-20 ) = 0.8
B 3 3 2

==
3
5 - 0.6% -
- b - 2.0
0
(ii) The variable Y has the distribution N(4, 7). Find P(Y > 1.54). 13]

i Y- N(k%)

Py > 18k) = P/Y—J S LSk - x|

K
3

W

- pP(z>%)

I - P(z2>1%)
= 1 - ©.9132
= 0.0668

© OCR 2018 H240/02 Jun18
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9  Briony suspects that a particular 6-sided dice is biased in favour of 2. She plans to throw the dice 35 times
and note the number of times that it shows a 2. She will then carry out a test at the 4% significance level.

Find the rejection region for the test. 7]
9 Ho: p~ %
L
H‘ ! 'p ? %

k,,_Uncae/ Hne nu“ Lnj?que,sis’ lel X" B(JS % ) Le H—;e

. num\aef 0{; 1s H‘»roc.m
P(X310) - - P(x<a) S
= \-094s
- 0.05% S
P(x>1)-+4 - p(x<io) -
_ =\ - 060.9%8
o = 0.0232

O 0232 < 0.04 So ‘_H,_a‘ie_:}ec_\ﬁon resion i
X > 1l o S

10 A certain forest contains only trees of a particular species. Dipak wished to take a random sample of 5 trees
from the forest. He numbered the trees from 1 to 784. Then, using his calculator, he generated the random

digits 14781049. Using these digits, Dipak formed 5 three-digit numbers. He took the first, second and
third digits, followed by the second, third and fourth digits and so on. In this way he obtained the following
list of numbers for his sample.

147 478 781 104 49

@) Explain why Dipak omitted the number 810 from his list. [1]
10 __1\n__€re are ogl\j 784  So there s e tree
| qombered BIO . - B

(ii) Explain why Dipak’s sample is not random. 1]

W) Each of bhe  randor  nombess s ,,cLaf&acle_nL on  the
—previous avmbec,  So ‘H:e«:) are  nek :‘nJePQnole,,E ,
,,_L‘{any'ﬂ___. __Hag‘ur,“ ae kb paadom

© OCR 2018 H240/02 Jun18 Turn over
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(iii) Carry out the test at the 2% significance level.

hi. Ho - @ = 412
Ho: r < 412

 P(x<40)- Plg-ar 4-0—42_}_

N

0% 0g
Jso i Jso
| = P(z < -1Y¥)
- =\ - 096l¢
- 00334

0.0%84 > 0.02 ;Q Ao nk reed Mo

JnSuﬂttc ok tvudece  To Su esh Hm lfloe_mfbm
\oe[qLJ: f- ﬂoﬁ, \'rees qu \CS_,S Hnan, 4‘ 201

11 Christa used Pearson’s product-moment correlation coefficient, », to compare the use of public transport
with the use of private vehicles for travel to work in the UK.

(i) Using the pre-release data set for all 348 UK Local Authorities, she considered the following four

variables.
Number of employees using .
public transport
Number of employees using
private vehicles Y
Proportion of employees using u
public transport
Proportion of employees using b
private vehicles
(a) Explain, in context, why you would expect strong, positive correlation between x and y. [1]

“ ') Bo\TL “ne ,_m»(‘»Ler S ﬁup_'otoeeé, ,Qsjgt), . f)uU:'c- ,,f!wg_f,oﬂ:
— _oad ,‘_,ﬂ'xe Ju("rbﬁf OSing OrnvaEG +fw)5'oor|' will

&LP%}Q . On _ POPU]UJ)O,() - g{, J‘loe ,LA I

© OCR 2018 H240/02 Jun18 Turn over
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(b) Explain, in context, what kind of correlation you would expect between a and b. [2]

L) | J\)esa ve. ,ﬂﬂ __(wore P‘e__.___ COLQ e Pt&lc sfrg/_',qur}, _
he — less Pea,Pl,e “nere are . Using ,]ammtg,, S

- .“rans,,fmr. b, ad e verso B

(ii) Christa also considered the data for the 33 London boroughs alone and she generated the following
scatter diagram.

London
0.6
2 0 .
z S
S 04 0‘“
g 03 Lo
.E ’
(@) 02 e,
3 s
S 0.1 £ o gl
A~ S

0 1 1 1
0 0.2 0.4 0.6 0.8
Proportion using public transport
One London Borough is represented by an outlier in the diagram.

(a) Suggest what effect this outlier is likely to have on the value of » for the 32 London Boroughs.
1]

a) w.\\ inerease ¢ (wll become  less Jveoa&we)

(b) Suggest what effect this outlier is likely to have on the value of r for the whole
country. 1]

Bkl e venﬁ Cbhe eppeck becase the
o 1901:01&.}100 o} Hm o A s ,,,\@n\,),,,,_,&ma“,i,,mm ased
he  chele ,pgpul,@,\ma B

(¢) What can you deduce about the area of the London Borough represented by the
outlier? Explain your answer. 1]

) Pﬁm‘)\e CJO(\? ] c\obe “\Qﬁ Q\nere Haeﬁ n  wdle
Lo wak i SO M2 area is relatvoy small -

© OCR 2018 H240/02 Jun18 Turn over
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12 The discrete random variable X takes values 1, 2, 3, 4 and 5, and its probability distribution is defined as
follows.

a X = 17
P =2)={P(X=x-1) x=234.5,
0 otherwise,
where a 1s a constant.
, _16
(i) Show thata = 31 2]
\2 i) “'Oh:u.\ {)ro\.';otL'-lil‘l:o} - |
0_.1."2&-1—}4‘0.—(-/.8‘0.“'"‘6'0_1'
3":2 Q = |
e =~ |6
3)
The discrete probability distribution for X is given in the table.
X 1 2 3 4 5
_ 16 8 4 2 | 1
PAX=x) 137 | 31 | 31 | 31 | 31
(i) Find the probability that X is odd.. [1]
.li) = P(X" II?,S)—' ‘6 + 4‘ -+ | = ‘Z‘
J) 3 31 21
Two independent values of X are chosen, and their sum S is found.
(iii) Find the probability that S is odd. 2]
i‘--‘) ’ro 3@* o ooltl Som uov neeci One e nu(‘-ﬁr,;__
and ooe _odd pumber
p (o&& .Sum) - P(O)P(E) + P(E)p(O)
= 2:/,_1.\+/=_zn\2| o
U TRV A
=2 x o ox o -
N 21
- = 420
961
© OCR 2018
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(iv) Find the probability that S is greater than 8, given that S is odd. 31
liv) _'fbe_, ol \\4’ Combia abon w\n ich s odd. ad S re ater _
Hoa,n 3 is wilh 4 ancd 5 in am\A)

P(S>3 1 Sis odd ) = P(S>8 and S odd)
P(S s o:lol)

- p(&)P(3) + P(3)P(4)

420
Qe

2 \
= 2x X%

Sheila sometimes needs several attempts to start her car in the morning. She models the number of attempts
she needs by the discrete random variable Y defined as follows.

PY=y+1)= %P(Y =y) forall positive integers y.

(v) Find P(Y=1). 2]
O Se = 1
— a - (
-k
‘ « = 0.5

(vi) Give a reason why one of the variables, X or Y, might be more appropriate as a model for the number
of attempts that Sheila needs to start her car. 1]

T —

vi) X oot be ore  thos S bt Y o take dll
VCLLUES- X M l)e Mote Oulslorop«‘cﬁe as it

Pro\ou\o\us wont lake bher more. thon S Soes

© OCR 2018 H240/02 Jun18
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13 In this question you must show detailed reasoning.
The probability that Paul’s train to work is late on any day is 0.15, independently of other days.
(i) The number of days on which Paul’s train to work is late during a 450-day period is denoted by the

131,) Y- B (%%0, 015)

OUse o nocoal  approximakion

It
np = 450 x 018 = ,_Grz.rgrvﬁAMfiﬁ
po(1-p) - 4%0x 015 x 0.85 ~ 5¥3%5
| 1

Yo V(6%% 8%4.23%5)

| P[Y-638% o a- 61S ) = 0.+
| \ Jot. 378 ‘JS???S

a- 625% = 049%
JS?.‘S?‘E

@ = 6785 +«+ 0.9% _)57.33%
3

= 7243
J—

So” a - 75 Aauo.s

© OCR 2018 H240/02 Jun18
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T,  17(r+1)

Show that = . 3
WAt T 3G0—7) 3]

i, () x 015" x 0.895%°°"

Tr*. {Vg'i—ot ) X O_’Sr'“ x Olgggo-(rﬁ|)

Ay

- 1 « %0 >
>0 x—0-1 7~

Ut
x

(©]
o0
o

el (%o-¢)!

50/! 23 A Q(M-/f
. oo

X
[
s
X

(r+ 1 )! (SO—r—J)'.

Co-r¢

4

x 018

[}

= 0.8%5 (r+ 1)

0.1% (%0-r)

"

\1((’+|)

'S(SO—r)

(iii)

© OCR 2018

The number of days on which Paul’s train to work is late during a 50-day period is modelled by the
random variable X .

(a) Find the values of  for which P(X =r) <K P(X=r+1). [4]
o) X = B (%0, 0.1%) e (0.1% + 0.8%)%°

P(X-r) € P(x-rcer)

TF < Tr+.
T < | B
Te

|¥(f*') < ,I

3(%0 - )

1% (ce1) < R (%0 -¢)

H240/02 Jun18
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| Fe - 13 < 180 - 3
20¢ < |33
o ¢ < 665
r 1 (% inteaer So r <6
J —_—

(b) Hence find the most likely number of days on which the train will be late during a 50-day period.
2]

\9) Moﬂ H?ek\.l er\,ue 1 t=6 or 7‘

P(x-¢6) T ¥ (6<1) - 0.902
P(x~¥) T 3(%0-6)

0.902 < | So P(X‘- 1) posk be |ar6er
tha, P (X = 6)

T\nere,\tore Hoe, D‘)o&" H?elh. Vo Lue is \1’-

END OF QUESTION PAPER

© OCR 2018 H240/02 Jun18
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