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Formulae A Level Mathematics B (MEI) H640

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

Geometric series
_a@-r")

Sn
1-r

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

Binomial series

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

n n n!
where "C, = C, =| |[=———
r) ri(n-r)!

nn-) .  n-D.(-r+d . (]x]<1 neR)

1+ X)" =1+nx+ |
r!

Differentiation

f(x) £(x)
tan kx k sec? kx
SECX secxtan x
cotx —cosec” X
cosec X —C0sec xcot X

TR
Quotient Rule y = u , dy _ M

v dx Vv

Differentiation from first principles

10 = fim T D=1
Integration

LGNS

™ dx = In|f (x)|+c

I £(x) (F(x))" dx = niﬂ(f(x))n+1 +e

Integration by parts J.u ydx = uv—jvd—udx
dx dx

Small angle approximations
sin@~ 6, cosd ~1-1 67, tan @ ~ Gwhere ¢ is measured in radians
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Trigonometric identities

sin(A+ B) =sin Acos B £ cos Asin B

cos(A=+B) =cos Acos B Fsin Asin B
tan Axtan B

tan(AtB)=——— A+B=(k+3)x
( ) 1¥tan Atan B ( (k+32)7)

Numerical methods

Trapezium rule: I: yax =2 h{(y, + Y,) +2(Y, + Y, + ...+ ¥,4) }, where h= bTa

The Newton-Raphson iteration for solving f(x)=0: x,,; =X, — ff,(()::))
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(ﬁ_g)B)

Sample variance

2
s? :nilsxx where S, :Z(xi —X)? :inz —@=ZXE —nx?

Standard deviation, s=+/Vvariance

The binomial distribution
If X ~B(n, p)thenP(X =r)="C,p'q"" where q=1-p
Mean of X is np

Hypothesis testing for the mean of a Normal distribution

2 —
If X~N(,u, o-z)then >?~N(ﬂ, Gjand X 2 N, 1)

n O'/\/ﬁ

Percentage points of the Normal distribution

p| 10 5 2 1 2% 27
z | 1.645 1.960 2.326 2.576 : z
Kinematics

Motion in a straight line Motion in two dimensions

v=u+at V=Uu+at

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

s=1(u+v)t s=1(u+v)t

vZ =u?+2as

s=vt—iat’ s=vt—iat’
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Answer all the questions.

Section A (23 marks)

1 In this question you must show detailed reasoning.

Find the coordinates of the points of intersection of the curve y = x* + x and the line 2x+y=4. [5]

1 Yy - x % and y - G- Dx
pa

2
X -+

- 4 -2
x" 4+ 9% - 4 =0
()(+4-Xx—!)"-o

x = | or

Y = 4—-2'—2
J

Cﬂort{«'no}es are (l. 2z ) ond.

Given that f(x) = x> and g(x) = 2x® —1, describe a sequence of two transformations which maps

- - 4
- 4 +8-12

as  |¥

(-2, 12)

2

the curve y =f(x)onto the curve y=g(x). [4]
2 S}fel‘c\a ot cale {ag}oc 2 i the (f) diceebion {'Q“Owe& .
| [ %’ mslakga ,, (0] ) S
- L,J;(J_i ) ¥ 0(. (_| -
12
3 Evaluate J ) cos3xdx, giving your answer in exact form. [3]
43? \ Cos 3o dix = 7502
] Jo = “o
— 3
SR Sim
- Jt
€
4 The function f(x) is defined by f(x) =x*>—4 for -1 <x< 2.
For f™(x), determine
o the domain
[5]

J the range.

4§ - x4

leb x = ,,3,?:,,4:

© OCR 2018 H640/02
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5 In a particular country, 8% of the population has blue eyes. A random sample of 20 people is
selected from this population.
Find the probability that exactly two of these people have blue eyes. [2]

5 X- (20, 008)

i
1

N P 20

o P(x-2)- (B)x 008" x 092
- 0.2%#h

6 Each day, for many years, the maximum temperature in degrees Celsius at a particular location is
recorded. The maximum temperatures for days in October can be modelled by a Normal
distribution. The appropriate Normal curve is shown in Fig. 6.

5 10 15 20 25

Maximum temperature (°C)
Fig. 6
(@) (i) Use the model to write down the mean of the maximum temperatures. [1]
C6le) i e - BIF

© OCR 2018 H640/02
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(i) Explain why the curve indicates that the standard deviation is approximately 3 degrees [1]
Celsius.
BRI TLe l.‘m‘.h Gre alplnrox iMo&."QIL:) q ~ a\oove / Le]ou
o He mean
- 9 - Ix 5D -
S) = 73

Temperatures can be converted from Celsius to Fahrenheit using the formula F =1.8C +32,
where F is the temperature in degrees Fahrenheit and C is the temperature in degrees Celsius.

(b) For maximum temperature in October in degrees Fahrenheit, estimate
o the mean

. the standard deviation. 2]
l.)@, mean - 18(1#) + 32 - €2.¢
| S) - 18x 2 = 5.4

Section B (77 marks)

7 Two events A and B are such that P(A) =0.6, P(B)=0.5and P(AuB)=0.85. Find P(A|B).
[4]

4 p(AaB)- PRI+ P(B) - P(A D)
| - 06+ 0% - 08s

- 05

@(A@): P(AA B)
P

© OCR 2018 H640/02 Turn over
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8  Alison selects 10 of her male friends. For each one she measures the distance between his eyes.
The distances, measured in mm, are as follows:

51 57 58 59 61 64 64 65 67 68

The mean of these data is 61.4. The sample standard deviation is 5.232, correct to 3 decimal
places.

One of the friends decides he does not want his measurement to be used. Alison replaces his
measurement with the measurement from another male friend. This increases the mean to 62.0 and
reduces the standard deviation.

Give a possible value for the measurement which has been removed and find the measurement
which has replaced it. [3]

¥ 62'— 61.; = 06
,50 the distarce o} the extra ?er.&on s 06x10= 6Eom

_More thas qu ,,Q:.natoa‘ f)efSon SLe cL:ose

S wdd be Het the Sl dume b 5= 6= S¥

9  Ageyserisa hot spring which erupts from time to time. For two geysers, the duration of each
eruption, x minutes, and the waiting time until the next eruption, y minutes, are recorded.

(a) For a random sample of 50 eruptions of the first geyser, the correlation coefficient between x
and y is 0.758.
The critical value for a 2-tailed hypothesis test for correlation at the 5% level is 0.279.
Explain whether or not there is evidence of correlation in the population of eruptions. [2]

C1 a.\ 0. ‘1“58 > O Z?q So Hoere is Suﬁ.;c;r'n’: evfc[ence ko

7

soaaest a Corre' atioon
Ju

© OCR 2018 H640/02
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The scatter diagram in Fig. 9 shows the data from a random sample of 50 eruptions of the second
geyser.

Waiting time, y
100 %
90 X<
80 = mxx&%(x
70 %@ X X
60 a0 A
50 X%
40
30
20
10

0 >
0 1 2 3 4 5 6
] Duration of eruption, x
Fig. 9

(b) Stella claims the scatter diagram shows evidence of correlation between duration of eruption

and waiting time. Make two comments about Stella’s claim. [2]
b) Ovecall Yoo Can see o« !oos:k‘vc Corre‘cg}mn‘
lau\ (&) .‘\L-‘n ecch 0{ lrLe fao cluste ts Hnere
s no evidexe of o Coceelabon

© OCR 2018 H640/02 Turn over
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10  Arresearcher wants to find out how many adults in a large town use the internet at least once a
week. The researcher has formulated a suitable question to ask.

For each of the following methods of taking a sample of the adults in the town, give a reason why
the method may be biased.

Method A: Ask people walking along a particular street between 9 am and 5 pm on one Monday.
Method B: Put the question through every letter box in the town and ask people to send back answers.

Method C: Put the question on the local council website for people to answer online. [3]

R T—

\O A‘- YOU (,J'l\l ok Le SO.NP\:,)G ‘Oeopb (,J\no o(o not
walk dowa Hne Steeet at Hmk Fme

B : \(ou L)'.“ OnLd gei an Ans I Re {“.rom 9609\6
B a\,,o Inawe Hoe %‘he éo O/wl Cdanl: Jro anscwerc
_C O,,LU,\ 8&}1‘0% s els %ro(‘w ,,,%QQP,E____ who vse
 the website o o

. o . : m
11  Suppose x is an irrational number, and y is a rational number, sothat y= ",
n

where m and n are integers and n=0.

Prove by contradiction that x + y is not rational. [4]
\\; Sﬂ[pf)ose N+ (:)7 ) rah‘Ona_‘
Lt xru = o ober f%p__fma g e -‘Aeg)ﬂf—
X + =
Xy g
7i7, —
x = _p_ L
1
x = p -0
g n
X = En - Mg w\\icL i cabonal
2/\
D S |‘cro}iooa| So 'Hvis M [ c_unjrrac( ich‘on
ﬂnerejrorc, X _+ 3 15 iccahonal
H640/02 Turn over
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12 Fig. 12 shows the curve 2x* +y° =5y.
y

A

-

—

Fig. 12

()

Find the gradient of the curve 2x®+y® =5y at the point (1,2), giving your answer in exact
form. [4]

\2 m) Qxl + o\? - ‘5“

iy ) 4
Ose imolicit discererbiabon
6% ¢ -+ 3:»; 4% = 5 45

dx dx
SoL in x = | ‘0”2
6 + u)dy - SJ;F
dx doc
I TN
dx
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(b) Show that all the stationary points of the curve lie on the y-axis.

[2]
%L)*A 9:{, H‘ie S*&\\‘On&r(\/\, Pofn“_( (i%x = __Q,,
|
6x" +  3.(0) =~ (o)
Ex' = O
B x =0
SO al\ 1001'0"5 1-‘6 Oon “U axs
13  Evaluate r ! dx , giving your answer in the form a+blnc, where a, b and c are integers.
0 1+\/;
[6]
,'3,A Je}, 0= |+ Jx e, x = b, v-= T
I B CQU = ’li X"{L x = OJ U=
' dx
1 Do = 2x e 2 (v-1) 4
{ 2
[ U R W ¥ CET0 N
lo e I 3 . hd

= Z O - \/IU\
J\
- 2|2 -0 - 1 L
- 72 - 2.1
= 2 - lnLI‘
© OCR 2018
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14 In a chemical reaction, the mass m grams of a chemical at time t minutes is modelled by the
differential equation

d_m_ m
dt  t(l+2t)

At time 1 minute, the mass of the chemical is 1 gram.

(a) Solve the differential equation to show that m = . [8]
N @+2t)

,“—fou) do ™

| dk ECv+2¢)
U de [ ‘ dt
i E(v+2¢)

| A . I
E(+2¢) € \+2¢

(- A (1« 28) « BE

= A 0= 2A + 1
- -2

i

loo, = T ln(|+2é) + C

lﬂr") = Iﬂ /A t \
\H'Zl:

o~ - At
|+ 2L

Chea €=V = |

© OCR 2018 H640/02 Turn over
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- 2t
\ + 2L

(b) Hence

(i) find the time when the mass is 1.25 grams,

W) i 125 - 3 .
}i l+2t
1.2% ~ 2.5k = Tt
0.5t = 128
- 2.5 minvtes

(ii) show what happens to the mass of the chemical as ¢ becomes
large.

[2]
T Rk
| + ¢t L 7

_qramMms

© OCR 2018 H640/02 Turn over
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15 A quality control department checks the lifetimes of batteries produced by a company.
The lifetimes, x minutes, for a random sample of 80 ‘Superstrength’ batteries are shown in the table
below.
Lifetime | 160 <x <165 | 165<x<168 | 168 <x<170 | 170<x<172 | 172 <x<175 | 175<x<180
Frequency 5 14 20 21 16 4
(a) Estimate the proportion of these batteries which have a lifetime of at least 174.0 minutes.
——————— [2]
ASe) A o+ e - 28
3 3
23
B 3 = 0. ‘ ) 6_}'? = ]QCQPEi’O”
780 S S — B —
(b) Use the data in the table to estimate
o the sample mean, [3]
o the sample standard deviation.
© OCR 2018 H640/02 Turn over
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(b) Use the data in the table to estimate
° the sample mean,
o the sample standard deviation. [3]

b ) Foc the MeEan Hne mid Por,} is the 4—0“ Va.lue.

f s lesin o < x < %2 and s f.-ﬁLt -
CL" Hne ) 3*‘6\(‘7 OIL 'Hw‘.{ /‘nl‘ér vaL —

So the wear = |10

£/ of the dota e behwoeon
mean

68 % o &8O bttecies 3 = S5 i w
Accond 95 beftecses lie in 16+ < x < I3

S)S of Hhe

1+

. So ,?3" IG:’ - 25))
| S) =
The data in the table on the previous page are represented in the following histogram, Fig 15:
Frequency
densny1 5 A

11
10
9
8
7
6
5
4
3
2
1

0 >

155 160 165 170 175 180 185
Lifetime (minutes)
Fig. 15

A quality control manager models the data by a Normal distribution with the mean and standard
deviation you calculated in part (b).

(c) Comment briefly on whether the histogram supports this choice of model. [2]
c ) “isko%tah s VOU\G\JH\G St\)f\nme"rma( (Mtﬂs ‘oe“ &\oapetg-
“ also has all The data f)ohn‘: within 7
standlard cﬂeviakons of ng Mhean
So H«'s o[oes Sulolm& {Lf, (\nanarder 5 loe‘ie{ -

© OCR 2018 H640/02
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(d) (i) Use this model to estimate the probability that a randomly selected battery will have a
lifetime of more than 174.0 minutes.

:i) L leb X~ N(1%0, 1Y)
P(X > 174)- P (2 > 75)
L - P(z2>1132)
S = | - 09082
. = 0(IY
(i)  Compare your answer with your answer to part (a). [3]

i Asseeis sl b ,_pg{_l a)

The company also manufactures ‘Ultrapower’ batteries, which are stated to have a mean lifetime of
210 minutes.

() A random sample of 8 Ultrapower batteries is selected. The mean lifetime of these batteries
is 207.3 minutes.

Carry out a hypothesis test at the 5% level to investigate whether the mean lifetime is as high
as stated. You should use the following hypotheses H,: z =210, H,: <210, where u
represents the population mean for Ultrapower batteries.

You should assume that the population is Normally distributed with standard deviation 3.4.

—————— [5]
) Moo r = 210
B H. K < 210
Odes Mo, X = N (210, %)
P (% <2021) - P[220 _ 2072-20 )
34 - 14
% Jg /[
- P(z < -2246)
- 1 - 009878

= 0.0122

0.0122 < 0©.0% S0 re}_ec} Ho

ﬂoere S SU.‘L{JC?&E Q,U.'CLMCE 'I‘O SUSC:)QSE Hnatlf Hne

____Mmean \.‘{ejn‘me is [ess thas 210 Mmioutes

© OCR 2018 H640/02
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TURN OVER FOR THE NEXT QUESTION
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16 Fig. 16.1, Fig. 16.2 and Fig. 16.3 show some data about life expectancy, including some from the
pre-release data set.

Life expectancy at birth 1974 for 193 countries

30 4

25 1 Sweden is in

20 A this interval

Percent
15 - /
'y
10 H
Ethiopia is in > .
this interval 30 35 40 45 50 55 60 65 70 75 80 85  Source: CIA
Life expectancy at birth (years) World Factbook
Fig. 16.1
Life expectancy at birth 2014 for 222 countries

30 4

25 A

20 A

Percent
15 -
10 -
30 35 40 45 50 55 60 65 70 75 80 85 90 SOUrce:
Gapminder

Life expectancy at birth (years)

Fig. 16.2

Increase in life expectancy for
193 countries from 1974 to 2014

| Number of values 193
Ii | Minimum -4.618
Lower quartile 6.9576
) i ) y y Median 9.986
-10 _ _0 10 20 30 Upper quartile 15.873
Increase in life expectancy from 1974 to 2014 Maximum 30.742
(years)
Source: CIA World
Factbook and .
Fig. 16.3

© OCR 2018 H640/02
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(@) Comment on the shapes of the distributions of life expectancy at birth in 2014 and 1974,

i 2]
l6/e) fhe  18F4  dibbohor  hai . gumabec  spreal
_j’ and L)oH-. cL‘J l“(-'lou bons ate moﬁa.lﬁvefn Sk’ewerQ
(b) (i) The minimum value shown in the box plot is negative.
What does a negative value indicate? B [1]
I
ﬁL) i _L:F_ QxPe(}_amj. wert dowso in b ek one
i O|L Hne COQn‘-n' es
(ii) What feature of Fig 16.3 suggests that a Normal distribution would not be an [1]
appropriate model for increase in life expectancy from one year to another year?
i /nne box f\o} i$ net Sﬁmmeh.’c;al
(iii)  Software has been used to obtain the values in the table in Fig. 16.3. [1]
Decide whether the level of accuracy is appropriate. Justify your answer.
i “ iS5 noL moprooio&e as Some ]-‘Le QXHQCI‘GAGA
| LI | | v

VCLLJGS (,d'-“ nol: LE availaUg u.J: @ Lig\]lL_

l(’,vel of alcoracy
| N

(iv) John claims that for half the people in the world their life expectancy has improved by

10 years or more.
Explain why Fig. 16.3 does not provide conclusive evidence for John’s claim.

[1]

v ,ﬂae ,,__Jiah s a,\ngy},,f_k QU{DLD'QS,,_, as o ,co,\,aa,eﬁ, C&(,

nJ _ ;ni:v‘(ﬁual - ,,Pe,olq‘,e — [

(c) Decide whether the maximum increase in life expectancy from 1974 to 2014 is an outlier.
Justify your answer.

) QR - 15.873 - 6 957¢

e - L+ ,
Q; + I5x1QR -~ (5873 + 15 x & 9154
= 29 24¢1
Iﬂaé Maximues V&Lye,“ Is_ 20-741,ﬁ,, _and B
0. 742 > 292446 So i) is an  ootliec

© OCR 2018 H640/02
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Here is some further information from the pre-release data set.

Life expectancy
Country | 4t birth in 2014

Ethiopia 60.8

Sweden 81.9

(d) (i) Estimate the change in life expectancy at birth for Ethiopia between 1974 and 2014.

OL ) i Fr@ H-.e. laisl:03r@o,7w /w%ou o Jrom anj L

Lf . Jﬂl‘,LAAEfL,-;qu Chas a lge expe cFaa,,c&, TR
beteseen 85 wd 40 Years. {uke the aweraqe

og,,, ,H»s B - - S B
CLMSQ - £0.8 - 315
= 2 2 . ?» qJEo.rs
{
(ii) Estimate the change in life expectancy at birth for Sweden between 1974 and 2014.  [4]
Vi Cln(msgi?ﬂ g\ OI - ?2 S
= Ol 4 years
J

|
i

(iii) Give one possible reason why the answers to parts (i) and (ii) are so different.

6) ) 1) Countries with a low er Iife expectancy in 1974 have gredter
opportunity roincreaselife expectancy n 0M-

© OCR 2018 H640/02 Turn over
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Fig. 16.4 shows the relationship between life expectancy at birth in 2014 and 1974.

Life expectancy
at birth 2014 (years)

85 N IS xx
X%

80 x X P §é(x x

< x L ;xéx&gxixx X
75 . x"R ke x‘xxvx x: * xxx

x)& ’e;*( xx X x X X "
70 x : = x x X X * X
65 X < x x x Xx : * X x
60 e -
55 x— X - X * X
50 x xx "x x X
45 Source: CIA World _
Factbook and
40 ‘ >
30.0 40.0 50.0 60.0 70.0 80.0

Life expectancy at birth 1974 (years)
Fig. 16.4
A spreadsheet gives the following linear model for all the data in Fig 16.4.
(Life expectancy at birth 2014) = 30.98 + 0.67 x (Life expectancy at birth 1974)

The life expectancy at birth in 1974 for the region that now constitutes the country of South Sudan
was 37.4 years. The value for this country in 2014 is not available.

(e) (i) Use the linear model to estimate tﬁellfe expectancy at birth in 2014 for South Sudan.

_:_Q) i. 300!8 + 067' X 3:;‘(1' = 56 O %_e:_g,r_r,

© OCR 2018 H640/02



PhysicsAndMathsTutor.com

21

(i)  Give two reasons why your answer to part (i) is not likely to be an accurate estimate for
the life expectancy at birth in 2014 for South Sudan.
You should refer to both information from Fig 16.4 and your knowledge of the large

data set. [2]
”‘ FTO("‘ }Le o 7AAQ6(‘0_(\—, ; }‘Le_, \UAJ er Vawes re f\.a.i f\b\\r B
scafered So the Pmii chon ok be venj accutale .

ﬂae ‘}(‘ue Va(ue I‘.o( \i%e ex}oec"anu\,} in lO ]4_ -
s J,,;,L ] avai‘aUe . “':e fRajons {—or Hm;c mj&\gl;__m

o O,-JSO,i B Meéan Hwt‘: SGUH’) Su&an ({oe_g ,,V(?_Ot B ,,,,{—_o_“ch -

Cthe same pattecs as othec  couotries

(F) In how many of the countries represented in Fig. 16.4 did life expectancy drop between 1974

and 20147 Justify your answer. [3]
Y) .D,ngcg S ﬂ:,e,,,, ,__J;‘ag B La::,?i,,,, ,,,,,, R
oy vabes ot qall beleo M e experioned

B - C,L,Cop, _dp foe ,7,V,@&P,e,d'aog$,,, o _ R
Y@y, G see ,Ha,ah,,, ,-,,},,‘vle,,,re_ _are ___6 _valves ‘oe_te

END OF QUESTION PAPER
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