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Formulae AS Level Mathematics B (MEI) (H630)

Binomial series

(a+b)"=a"+"C,a"'b+"C,a"*b* +..+"C,a" b +... +b" (neN),
where "C = C = <n> S —
ronmr o \r) ol (n—r)!
-1 —1).\n—r+1) ,
(1+x)"' = 1+nx+n<n2' >x2+...+n(n ) '(n : )x'+... (x| <1, neR)
! 7!
Differentiation from first principles
Lo f(x+h)—f(x)
R
Sample variance
>x )
$=—Lo5 where S, =%(x,~)’ = La’ - % = ¥ — i’

Standard deviation, s = v variance

The binomial distribution
If X~ B(n, p) then P(X=7r)="C p'q""" where ¢ = 1—p
Mean of X is np

Kinematics

Motion in a straight line

v=u+tat
s = ut—i—lat2
2
1
s = 5(u+v)z

2 2
vi=u"+2as

_ 1 2
s =t 2at
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Answer all the questions

1 Write down the value of

(4) log, (a*) [1]
N o — — 1]
1 A) loja @ 4 |03U;L .
(B) log, <E>'
o T | _
E B ) ‘OOJA "ZL = lOﬂu. ll- - lma_ a
| J .Y

2 Doug has a list of times taken by competitors in a ‘fun run’. He has grouped the data and calculated the
frequency densities in order to draw a histogram to represent the information. Some of the data are presented

in Fig. 2.
Time in minutes 15— 20 — 25 — 35— 45 - 60
Number of runners 12 23 59 71
Frequency density 2.4 5.9 7.1 1.4
Fig. 2
(i) Write down the missing values in the copy of Fig. 2 in the Printed Answer Booklet. 2]
- ( ) o . ] —
2. ) Number D{, fopnefls - I's x V.4 = 2 | I

q'l_&cy_ueaua oienszh‘} : 2; < 46

(ii) Doug labels the horizontal axis on the histogram ‘time in minutes’ and the vertical axis ‘number of
minutes per runner’. State which one of these labels is incorrect and write down a correct version. [1]

" ) - ___ﬂ're. ygdv‘cu‘ oxis s

,,f@mgc,&_,_i,,_A_A.S,‘z_oy_lol__b.c, " pember of

fopners PEr

wminoke - -



PhysicsAndMathsTutor.com

P and Q are consecutive odd positive integers such that P > Q.

3
Prove that P2 — Q2 is a multiple of 8. 13]
3 let P- 24+ Hre Q- 2, -
2 2 T 2
P - QY - (Za+ ) - (2.- 1)
= 4,,14-4—,, —+ l - 4‘111"" 4‘n - l
= 3
T S .
ln?nce_ P* - Q [ o MU‘BP\& 0{_ 8
| .
j
4  The probability distribution of the discrete random variable X is given in Fig. 4.
r 0 1 2 3 4
P(X=r) 0.2 0.15 0.3 k 0.25
Fig. 4
(i) Find the value of k. 2]
X, and X, are two independent values of X.
131
74-_5 ;) ‘\'b\'m‘ ‘oj‘o\oat»ilihe; = |
0.2 + 04 + 07 + R + 025 - )
? R+ 09 -
-
: R -~ 0.1
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(i) Find P(X, + X, = 6).

i) ﬂnrce ojp\jgns : X. - 1 , X = 4
Xl = 4‘ Xr. = 7— .
)(\ = Z Xz = 3

P(x. « Xe - 6)- 07x 0.3 + 03x02% + 0.1x0.)
= 0.0%8 + 0.0 + 0.0/
= 0.6

—_

5  Find the set of values of a for which the equation
ax* +8x+2=0

has no real roots. [3]

5. ax1+8x+2-‘o

|L i‘ Lms Qo reaJ roo}s , Hne chJcr.‘r\oim‘: < O

L1~ 4o <O

8 - 4(a)(z) < O

64 - %a < O
64 < 8u
a > 8

—

6 Show that jog(3+4ﬁ)dx=99. [4]

—

'l‘* 4'5" d s = \L’Zx-i- %X%_‘o
- 3(1) + §5(7)
- 23+ 503)
- 231 + 11
= 99

—_—

N
e

R
2
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Rose and Emma each wear a device that records the number of steps they take in a day. All the results for a
7-day period are given in Fig. 7.

Day 1 2 3 4 5 6 7

Rose 10014 | 11262 | 10149 9361 9708 9921 10369

Emma 9204 9913 8741 10015 | 10261 7391 10856
Fig. 7

The 7-day mean is the mean number of steps taken in the last 7 days. The 7-day mean for Rose is 10 112.

(i) Calculate the 7-day mean for Emma. 1]

At the end of day 8 a new 7-day mean is calculated by including the number of steps taken on day 8 and
omitting the number of steps taken on day 1. On day 8 Rose takes 10259 steps.

- 4
1) 2 - e63sl &
mea, - 6633) - 9437
’7_

At the end of day 8 a new 7-day mean is calculated by including the number of steps taken on day 8 and
omitting the number of steps taken on day 1. On day 8 Rose takes 10259 steps.
(ii) Determine the number of steps Emma must take on day 8 so that her 7-day mean at the end of day 8 is

the same as for Rose.

i;u)ﬁ.uﬁiu,@k,o}m Qq;s’,-iﬁ_s'&gé,;,,,, # x lollz ~ 16259 - \ool4
| R 4 K oA R
<l _

Emma}

[4]

!v‘¥__nLeﬁ, SoMm o{

s\-afs

6613) - 9204 « x - {loza
x - 11857

B2 dep

n EQ,JLS_ *‘o (io

|
|
i Ef\w{\wa.
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In fact, over a long period of time, the mean of the number of steps per day that Emma takes is 10341 and
the standard deviation is 948.

(iii) Determine whether the number of steps Emma needs to take on day 8 so that her 7-day mean is the
same as that for Rose in part (ii) is unusually high. [3]

) 10340 + 2 (948 ) - 1223%

13852 > 1223% 5 |3852

L need }o i‘a\? e Qn Qnusoc h Y L,-GL VOLL(‘JEQL‘C}, &PS_
On c(m\nr R

s n ovtliec  she  ould

8 In this question you must show detailed reasoning.

The centre of a circle C is at the point (—1, 3) and C passes through the point (1, —1). The straight line L
passes through the points (1, 9) and (4, 3). Show that L is a tangent to C. 7]

3 /“-e Cir;\é has e(,JuQJ\'Gn (>« )tf; (v_;:l ) =
| Su]a in Hne Vulues at Hne Po.‘n(: ( b, - 1) (70

B _E.‘n &- r
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N arodiest  of lme = 9-3
N Q‘i -4
R \(4.3) I _
N N
,,,,, S
w*_<,_E7£&\500 o&_L‘ne Y - N -7 ( x — | ) - N
\3 -9 - -2x + 12
o S L 7x -
J
Sob }L:; .‘nl‘o H.e e?uako/. {.or {’L;e c«‘rc\e
to find ook where H-.eﬁ meet
(x« ) « (u-2.-3) - 20
>¢l+2x—t |+(3-—2)¢)L-—zo
xl -+ Z)L « | =+ 64— “32)( “+ 4-)(1 :20
5x7_ - ZOX +4"S = O
)Ll - 6)( + Ol = O -
(. -3) -~ O
/ﬂne e is On\u\ one So\ ul‘:'On *o Hﬂ X e?ua}\‘on So
Hne cirde andl l"ne,, \.‘,,e_ 0,,\3 Mmeet ok
one Imanl: 'n,.ere{.om PSS “ taraent o He

Grde
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In this question you must show detailed reasoning.

Research showed that in May 2017 62% of adults over 65 years of age in the UK used a certain online
social media platform. Later in 2017 it was believed that this proportion had increased. In December 2017
a random sample of 59 adults over 65 years of age in the UK was collected. It was found that 46 of the
59 adults used this online social media platform.

Use a suitable hypothesis test to determine whether there is evidence at the 1% level to suggest that the
proportion of adults over 65 in the UK who used this online social media platform had increased from

May 2017 to December 2017. [7]
lot p be the pro ?0(}‘(00 of  ovec 65 ho  ose
Hne. So Cial (‘neci-'a !ol aJ: !l,oc(\-)
Ho : P = 0.62

> 0.62

=
o

P(X>46)~ \- P(xecus)
-\ - 0.9932 S
= 0.0068 o o
0.0068 < 00) | rejeck Mo .
SULL:C{(’AE evidece to Somyest _tha.\’ an OVO{JOH*On
I Jd \
Cu‘? aﬂulb Qover 6“3 US:n?} HrL f)\al: 4(01' M \na.s

increased N o o o
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10 (i) A curve has equation y = 16x+ —. Find

d
(4) ay 2]
-2
105y A) Y 162 + o
do = 16- 2" = 16 - 2
Y 3
dx x
(3]
RE
®
-4
2) dy = 6x = 6
J
CQ.)LI x*
(ii) Hence
*  find the coordinates of the stationary point,
*  determine the nature of the stationary point.
i) ‘10 fad  the shabonary Poir} set (13 = 0
| O
O- 16 - 2
X?
2 = 16
3
x = )
3
x = |
2
. 1
__&l: )c‘—l{_, \3- I6(f13+2 = 8-**4-
=12
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CSe the .._b.\fu‘v'onana - fm-‘n¥ bas  coordinates (%, \2)

AL =5 LC_Y} ‘-  € = é(lé) = 9¢

_ C‘64> O _So_ Hﬁ‘ S S"&\"O-”ﬂ.ﬁﬁ POtn\' s oL Mipimut

11 The pre-release material contains data concerning the death rate per thousand people and the birth rate per
thousand people in all the countries of the world. The diagram in Fig. 11.1 was generated using a spreadsheet
and summarises the birth rates for all the countries in Africa.

Birth rates in Africa

30 3

0- 10- 20— 25— — 5— 40—

Frequency
[ ) G S—
O NENOON AN

Birth rate

Fig. 11.1

(i) Identify two respects in which the presentation of the data is incorrect. [2]

Same  wid

H _‘_n) fhe  asses of ,A,iﬂ.gfenk widthe  have bacs of

<< =

echeal  axis  ghodld  be 'f'm?“eﬁc‘()' Aeos:_k& nob
{re(iuenc(j,, e o
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Fig. 11.2 shows a scatter diagram of death rate, y, against birth rate, x, for a sample of 55 countries, all of
which are in Africa. A line of best fit has also been drawn.

Scatter diagram of death rate against birth rate in African countries

16 ‘
Y :
14 0 g @
) [ ° [ ]
12 °s o-®
8 a Py .!"—————.
E 10 o _.___:—.f.;p s
3 8 [P i 000:':;'"
a6 *
4 D
2
0
0 10 20 30 40 50
Birth rate
Fig. 11.2
The equation of the line of best fitis y = 0.15x+4.72.

(ii) (4) What does the diagram suggest about the relationship between death rate and birth rate? [1]

) A A b ke increases  death  tabe  increases

| ,,,,ﬁfﬁ,( Posilﬂvc_ correlabvon )

(B) The birth rate in Togo is recorded as 34.13 per thousand, but the data on death rate has been lost.
Use the equation of the line of best fit to estimate the death rate in Togo.

B) ye ous ()« 472
-oa.s3as

(C) Explain why it would not be sensible to use the equation of the line of best fit to estimate the
death rate in a country where the birth rate is 5.5 per thousand. ]

.__C’.) YOU___.__ would _L(}_ _ exh_a_?p\a\)'n(j
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(D) Explain why it would not be sensible to use the equation of the line of best fit to estimate the
death rate in a Caribbean country where the birth rate is known. [1]

_)))_'ﬂ-e - ___I_"C'P—__ of Lesl: ".\— was \:J,as,ec(. 0“
 data abodt ,,Akricaﬁ " (ounties. Ll raves ond
the  Caribbean.

3

I Ole,aHv,,, ,!Zq.}e,—s,,,,,, m«.@,,, ]oe _ _&;ﬁereﬂ‘:

(E) Explain why it is unlikely that the sample is random.

AE) A !‘,Flacﬂ,ot‘z,,,,A,Lcubfl%,,,,,,,,o{_,,‘, v(otm}ﬁi&,,,,, ,wou\if, ,(bos},, H?ehd,

nclude Coun bries ,{,(‘Qﬁb other conhnents

Including Togo there were 56 items available for selection.
(iii) Describe how a sample of size 14 from this data could be generated for further analysis using systematic
sampling. 2]
Nt ) GEn em"e & fan c(omi umber 0 L)e\fcueq,. | andl 4‘

( 56 <14 )  4d  choose  Yhe ot Coan}ul in Yhe ¢
’fﬁ,, Og,,,,tiata_- o o ] . i .

H
'_‘_LPA o nick _ Pverin 4" S Qo(m\’ru On Hng ‘_i.sl; , S\'OP‘)l'ﬂ(a

C,o\-en . %ou_ ‘nuwe ,,,,,,,enc\?ecﬁ, - \‘t

12 In an experiment 500 fruit flies were released into a controlled environment. After 10 days there were
650 fruit flies present.

Munirah believes that &V, the number of fruit flies present at time ¢ days after the fruit flies are released, will
increase at the rate of 4.4% per day. She proposes that the situation is modelled by the formula N = Ak".

() Write down the values of 4 and £. 2]

_1_2“-)*_ A = ini‘a\ ()um\acr = ‘SOO -
— —;f~7,7 k- W%rou\‘\n -\ 044 1]
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(i1))  Determine whether the model is consistent with the value of N at £ = 10.

R

!

_iji) A\’ “"- ‘O , N

%00 (1.044)" -

I 2]
= 169 - ]
4
?6 (1 is nol: C‘lO,S@ E; . ﬁo ~So ,Hn(:,, _ O’)ocle\ 3
| pob  toasitet ok +-10 S B ;
(iii) What does the model suggest about the number of fruit flies in the long run? 1]
Em) “’ inLreases {orever (UPon en‘rm\ln )
i

Subsequently it is found that for large values of ¢ the number of fruit flies in the controlled environment
oscillates about 750. It is also found that as ¢ increases the oscillations decrease in magnitude.

Munirah proposes a second model in the light of this new information.
N =750 —250x¢ 0092/,

(iv) Identify three ways in which this second model is consistent with the known data. [3]

:v) ,_ A“ *
At

0 N - 150 ,
\O, N - 7"30 ~ ,ésoe_o.qz
, = 6501 = €50
As “‘"’_ "°, N - ;ZSO

-+
W

(v) (A) Identify one feature which is not accounted for by the second model.

|
_%y) A ) OSc;“a‘)‘om -

1]

(B) Give an example of a mathematical function which needs to be incorporated in the model to
account for this feature. 1]

o E ) Sine or Cosine

END OF QUESTION PAPER
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