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Section A (30 marks)
Answer all the questions.
1 In a promotion for a new type of cereal, a toy dinosaur is included in each pack. There are three different

types of dinosaur to collect. They are distributed, with equal probability, randomly and independently in the
packs. Sam is trying to collect all three of the dinosaurs.

(i) Find the probability that Sam has to open only 3 packs in order to collect all three dinosaurs. [1]
PolxZ<1l — =
3 N (

Sam continues to open packs until she has collected all three dinosaurs, but once she has opened 6 packs
she gives up even if she has not found all three. The random variable X represents the number of packs
which Sam opens.

(ii) Complete the table below, using the copy in the Printed Answer Booklet, to show the probability
distribution of X.

r 3 4 5 6
rx-n | 2| 2 |1 |31
Q| 9 8l | @)

S Pix=v)=1so P(X=6>= :L*c,, i, ’;1‘31

[1]
(iii) In this question you must show detailed reasoning.
Find
e E(X)and

e Var(X). ]

E(x) ==vP(X=y)=(3x% +(H><-—)+(5>< )«fgxﬁ

— 3512 /. 716
E (X2)= 3> Pix=r )= (32 <) (477 g) + (5 FH) 6> 3

—1alg
- 22 654
& | / n

= = 2 — (X)) = (9116 — (g__gg >
Var X=E(xD - [ = F =
=)=
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The continuous random variable X takes values in the interval —1< x <1 and has probability density
function

£(x) = a -1<x<0
a+x* 0<x<1
where a is a constant.
(i) (A) Sketch the probability density function. [2]
2~ f (o¢)D
] >
(B) Show that a=1/3 [3]

Toktal o\reoxuﬂd\e" POLJL =1
(a<4) + fa+sc?‘d\DC =

3 /
CL—r[dLJC 2= =71 So a+(m+__ )2
Tz S = 0)=1
- -2 |
(ii) Find
4) P|X- = P<._ ]LXLD)—I— D(X4 2) [2]
|
= /
.,-_—,.)_ - / >
{5+3c obcs 3 [3 >c+§JJ

_f ((( l(l | o
- —+ —(— \V+=[ =) = 7 \

E 3z>32)w§+—§4—§q

= 13

24

——
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(B) the mean of X. [2]

E(x) _Sgcj(ac)akx"'fso(o\JCJ,— go&xs

2 O - S ! o o h'd

4+

— |

_\__
e T 4

— —
-

A
[S

(iii) Show that the median of X satisfies the equation 2m?3+2m-1=0. [3]

AYQOLJCYDM jt&@;gs SO

’_+§34’JC AL = O S

) R i |
j_/,thldDC —250 £39Q4-——.DC =_2
o 6

l-m—J-L—mB:—" =& BN
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3 A researcher is investigating factors that might affect how many hours per day different species of
mammals spend asleep.

First she investigates human beings. She collects data on body mass index, x, and hours of sleep, y, for a
random sample of people. A scatter diagram of the data is shown in Fig. 3.1 together with the regression
line of y on x.

12

11 \ 4

[EnN
o

Hours of sleep y
[0e] o
*

7 * g <+ ¢

¢ *
6 +* 4

. T~
5

=-0.3727x + 17.138
4 -
18 20 22 24 26 28 30 32
Body mass index x
Fig. 3.1
(i) Calculate the residual for the data point which has the residual with the greatest magnitude. [3]

The pont with the Llowrgest yRsidval | the
onef uvthest fyom the Ging )as (24, vV.
Wheno =24y 9y=-0-3727(24)+/)7 138

) J-gia3a
Resldval= 11— 19232 => . 806

(if) Use the equation of the regression line to estimate the mean number of hours spent asleep by a person
with body mass index commenting briefly on each of your predictions.

(A) 26, :—0-3727Z26>+17"387‘8')QS2.
This g interpolatedand paoints (ieclxe
to the (ine 2 c ok s timate

(8) 16, 3’—‘/0'3727 (16D+ 7128 =1|. 1 7H&E.
This 15 £x Evyapolate g0 (essvelinble

Cstim unkte [4)
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The researcher then collects additional data for a large number of species of mammals and analyses
different factors for effect size. Definitions of the variables measured for a typical animal of the species, the
correlations between these variables, and guidelines often used when considering effect size are given in

Fig. 3.2.

Variable Definition

Body mass Mass of animal in kg

Brain mass Mass of brain in g

Hours of sleep/day | Number of hours per day spent asleep

Life span How many years the animal lives

Danger A measure of how dangerous the animal’s situation is when asleep,
taking into account predators and how protected the animal’s den is:
higher value indicates greater danger.

Body [Brain Hours of
Correlations (pmcc) |[Mass  |Mass sleep/day |Life span [Danger
Body Mass 1.00
Brain Mass 0.93 1.00
Hours of sleep/day -0.31 —0.36 1.00
Life span 0.20 0.51 -0.41 1.00
Danger 0.13 0.15 —0.59 0.06 1.00
Product moment .
. . Effect size
correlation coefficient
0.1 Small
0.3 Medium
0.5 Large

Fig. 3.2

(iif) State two conclusions the researcher might draw from these tables, relevant to her investigation into
how many hours mammals spend asleep.

The onl actor with o larye <A ecbslze
hen c&:j ‘:LLQ\(:QOL LA hD S OF 5 @?p S OLOQSQY
HseemS bhe mMor odla emus Eres tugin,
the \Gss €t ime e an IMQ( S (e px-

One of the researcher’s students notices the high correlation between body mass and brain mass and
produces a scatter diagram for these two variables, shown in Fig. 3.3 below.
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(iv) Comment on the suitability of a linear model for these two variables. [2]

Thevre cAy€ ovtliers ivhich MaResS the
Yes £ of €Ene Aot clusEerfhin the
corner. [f €nese ovtlrers ar y&moved

hen o ((neox mo el M £t
+the dafto--

Section B (90 marks)
Answer all the questions.

4 A fair six-sided dice is rolled repeatedly. Find the probability of the following events.

(i) A five occurs for the first time on the fourth roll. 2 [1]
P(rltn <o (O) = P(Sfaa'LS) x P (A swccess) = %—Xé—
=O-09965
(ii) A five occurs at least once in the first four rolls. [2]

Plat least A £ive)= A — P(no fives)

A -="=05177

(iii) A five occurs for the second time on the third roll. [2]
D(2adon 3rd yolCL)zP (Sor Istan® 2D +
P[5 on 2N and =vcl)

LS L S
'(6 Yé\< é>+<—é—’->(??<—16—-) '—’,é?/DOHQ

(iv) At least two fives occur in the first three rolls. [2]

P(> 2 £vesd = P(2fivesd+P(2fiveg

“rer (£) Z/ooa

The dice is rolled repeatedly until a five occurs for the second time.

(v) Find the expected number of rolls required for two fives to occur. Justify your answer. [3]
~ e ) = — = —— =
E(X*+XL)=6+6 =12 vyolls
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5 A particular brand of pasta is sold in bags of two different sizes. The mass of pasta in the large bags is
advertised as being 1500¢; in fact it is Normally distributed with mean 1515 g and standard deviation 4.7 g.
The mass of pasta in the small bags is advertised as being 500 g; in fact it is Normally distributed with
mean 508 g and standard deviation 3.3g.

(i) Find the probability that the total mass of pasta in 5 randomly selected small bags is less than 2550 g.
2
SN (5032 3.3 ) =(s,+ SD—"—SSJ"SH'*SQ)
= SxE(S) =5%x508 = 2540

S 4S5, 4S2+5.,4+4Sc)=5%VarS= 5x3-2%
Vax (5145, 45zt >4 5)___5%&,5
< 45, 4S54 Sy+SqgoN(25H0 ,SH AS)

P(5,+S.+Sa+S 4S5 £2Ss56) =6 412

(ii) Find the probability that the mass of pasta in a randomly selected large bag is greater than three times
the mass of pasta in a randomly selected small bag. [4]

S~N(S508,3-3*) L~N(s15, 4. 72)

E(L-35) "E()-3EE) =| 5%5-3(50?)

Vax (L-3S)=Var L= 3% VowrS=H-7=9(3-3%)
=204

L—3S ~oN(—9,)120'1) 50

P(L-23S >0) = O-209&

6 Fig. 6 shows the wages earned in the last 12 months by each of a random sample of American males aged
between 16 and 65.

250
2 x
E ~
S®
€ < 200
ﬁ g x
2 E 150 x
£ 98 x
n O
[ x x
gt’ 100 X X § X
; X X x X
50 X Kx X xx g X
x : x XXX s ><><x §x x X
O hg!yxx i X % X x X X X X
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A researcher wishes to test whether the sample provides evidence of a tendency for higher wages to be
earned by older men in the age range 16 to 65 in America.

(i) The researcher needs to decide whether to use a test based on Pearson’s product moment correlation
coefficient or Spearman’s rank correlation coefficient. Use the information in Fig. 6 to decide which
test is more appropriate. [2]

The shape of the scCutter 4 lagram (s
Nnot vou SM elljpt fca Lsonoey,ldence

of & BvawrTate Normul populaukion

ANA EAUS ov pCC €CsE oulhn 7t pe
Valtrdhk sos Peo\rman’s 1< Nare vl o
(ii) Should it be a one-tail or a two-tail test? Justify your answer. [1]

TL should be a. one-ta/ltat as

W€ (ookin gjcsr Quidence of a posctive
velaosn

7 A newspaper reports that the average price of unleaded petrol in the UK is 110.2 p per litre.

The price, in pence, of a litre of unleaded petrol at a random sample of 15 petrol stations in Yorkshire is
shown below together with some output from software used to analyse the data.

116.9 114.9 110.9 113.9 114.9
117.9 112.9 99.9 114.9 103.9
123.9 105.7 108.9 102.9 112.7
Statistics
n 15
Mean |[1116733
a 6.1877 n 15
> 6.4048 Kolmogorov-Smirnov p>0.15
Ix 1675.1 test
¢ |187638.31 Null hypothesis The data can be modelled
Min 99.9 by a Normal distribution
Q1 105.7 Alternative hypothesis The data cannot be
Median | 112.9 modelled by a Normal
Q3 1149 distribution
Max 1239
Fig. 7.1 Fig. 7.2
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(i) Select a suitable hypothesis test to investigate whether there is any evidence that the average price
of unleaded petrol in Yorkshire is different from 110.2 p. Justify your choice of test. [3]

_77\6 K 6 LmmpgovyoV —SmM iAoV p'\[QLJQ IS
yeater Enan 013, which Suggests Aot
ol be fyom Nov mal dusExrihotion.

As the sampele s sMal( and pepllagon
VArien(e s ur\lﬁnownj At Aty bhubon
Eeskt will be suitaubla

(if) Conduct the hypothesis test at the 5% level of significance. [8]
Hos M= 1102 ank HtpnZ 10- 2 wherR
/\)\ s the Popv ‘.CAE; oN N\CaN PQ—ETQL P‘(((Q
&of Y or kesihir €. . (732
C  Ne A =X = N6 —1)0-2
Tost stakistic b =Xt HEeras 21102
/An G5
-~ 0- Y909
(v krcal value \/fo\r VoI G6—)= 149 and
p= S (S2-1HS ASOEPYI09£2 A4S
s vesult 1S Nt .ngm'oficc. Nt SO
iA,S\Jd/CF;C;Q/\t Quiden(c to r?\jf’Cﬁ f'_ch
W "\,A(h Wc)ukck S v Q?t "'L/hQ O\\J‘QVCLS{ P(/'(e
o Lyol in YoOvRsSNITQ IS A SfHertnt
gvom ot in tne U K

)
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Natural background radiation consists of various particles, including neutrons. A detector is used to count
the number of neutrons per second at a particular location.

(i) State the conditions required for a Poisson distribution to be a suitable model for the number of
neutrons detected per second.

: [2]
The neukrons ocCuYy 1f\0\€PW\¢€ntlj and-
raAoLomU A a constaont averuge raute.

The number of neutrons detected per second due to background radiation only is modelled by a Poisson
distribution with mean 1.1. Y. ~v PO (1- 1)

(ii) Find the probability that the detector detects

(A) no neutrons in a randomly chosen second,

pP(Xx=0)=ze "'z O-3329 (4f)

(B) at least 60 neutrons in a randomly chosen period of 1 minute. [3]

Aew "1 KOO =66. YAoPo (66).
P(Y>260)= |- P(¥=SD=1-0-214=0-7&¢

A neutron source is switched on. It emits neutrons which should all be contained in a protective casing. The
detector is used to check whether any neutrons have not been contained; these are known as stray neutrons.

If the detector detects more than 8 neutrons in a period of 1 second, an alarm will be triggered in case this
high reading is due to stray neutrons.

(iif) Suppose that there are no stray neutrons and so the neutrons detected are all due to the background
radiation. Find the expected number of times the alarm is triggered in 1000 randomly chosen periods
of 1 second. [3]

P(x>®) = |-P(X<«T7)=I1-0 9999497553
= O 0000024127
E <pectek No =O-000002H 27 ¥ 100D
=0 0021427

(iv) Suppose instead that stray neutrons are being produced at a rate of 3.4 per second in addition to the
natural background radiation. Find the probability that at least one alarm will be triggered in 10
randomly chosen periods of 1 second. You should assume that all stray neutrons produced are
detected. [4]

Mpew T -1+ 44 G s K~ Po(H-8)

P(no alarm (n A secs) =P(X&eS)=0- 45974+,

P(=4 alaarm in |10 secs)=1- P(no Alwrn va |0g)
—1-0-95974'°=0:-337(3s5)
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A random sample of adults in the UK were asked to state their primary source of news: television (T),
internet (1), newspapers (N) or radio (R). The responses were classified by age group, and an analysis was
carried out to see if there is any association between age group and primary source of news.

Fig. 9 is a screenshot showing part of the spreadsheet used to analyse the data. Some values in the
spreadsheet have been deliberately omitted.

A B C D E F
1 Source Age group
2 ofnews |18-32 33-47 48-p4 65+
3 T 63 61 71 80 275
4 | 33 33 22 12 100
5 M 9 8 11 20 a5
6 R 4 9 9 5 27
7 109 111 113 117 450
g
9 Expected frequencies
10 66.61 67.83 69.06 71.50
11 24.22 24.67 26.00
12 11.63 11.84 12.05 12.48
13 6.54 6.60 6.78 7.02
14
15 Contributions to the test statistic
16 0.20 0.69 0.05 1.01
17 3.18 2.82 7.54
18 0.59 0.09 4.53
19 0.99 0.82 0.73 0.58
20 test statistic 25.45
Fig. 9
(i) (A) State the sample size. [1]
Sample size= H50
(B) Give the name of the appropriate hypothesis test. [1]

Chi f-Scilvour ed Test
(C) State the null and alternative hypotheses. [1]
Ho-No associakion bREWLEN age and M S Lo
Hy ' SomR associ ation Rk wR age und NWS sSovree

(if) Showing your calculations, find the missing values in cells
e DII _ \\3x10O — 2 5S-1|

- 180 -
PO (BT g 55
T2
° C18.:_(22_25"‘) :030) [4]

250
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(iii) Complete the appropriate hypothesis test at the 5% level of significance. [4]
Test statistic (=?) =254 S.

Cxitical valwe for Vo(n-1) (M- = (a-) (=~

N andiM aare no qy—vjc;us anrd —

N P=S7 s 1692. co( v mns \

25 4S>16-92 s this yesit s signidh contso
Sufficient evidence to yjeck Hp ) which
Would suggest thr I's SOMR Ascvciat/on
belween AJE ANANCHS SO,

(iv) Discuss briefly what the data suggest about primary source of news. You should make a comment for
each age group. [3]

e For 18-32 anA 23 - L7, the LlavgR coantrbutbioy
Show that Move thhern SxpecteX Uuse Ene
Trternet s Prx'ma&j NR W& Sovvee.

. For HE& -6H , the small CONEri b O S S i
Ehe valuly AR oS Rxpected.

- For 65+, tne large conkribukions of 7-54
AN L. E2 chows fhat fewy the
e~ pectek Naue the intRraet and Mare Gun
expecteh Nave NRwWsS PPRIN AS Pﬂfmrﬂ&)ﬂ’ce ,



PhysicsAndMathsTutor.com

10  The label on a particular size of milk carton states that it contains 1.5 litres of milk. In an investigation at

the packaging plant the contents, x litres, of each of 60 randomly selected cartons are measured. The data
are summarised as follows.

¥x =89.758 ¥x?=134.280

(i) Estimate the variance of the underlying population. [2]
Varrance = ‘rg"‘"‘ Sxx = >o - L_L — 328~ £9.758*

& O
—O 00S O-l 2433
Variance = 209 6_03'30(33 = O 000D €518 (Hsf)
(ii) Find a 95% confidence inte?/alc?or the ar;an of the underlying population. [4]
2=2 BT o L as 9T Asn s b,
FovAaSy/ interval ! 5c X 1- QQI_ %gqpﬂ\\fs

= -"l°l5°l71‘l~°\6<JO OOOO?S)S) Co A strbokion

sAhence
—> - HA36 Eo 1-49 S rn-E-Qf\loQ

(iii) What does the confidence interval which you have calculated suggest about the statement on the
carton?

. . [1]
The conf idence inkterval doesn’t cantain

41-5 (iEvres Which sugigestls t‘hQ Stutemen &
thab e Mean 1IX 'S (rerss Is Nt Corceck

Each day for 300 days a random sample of 60 cartons is selected and for each sample a 95% confidence
interval is constructed.

(iv) Explain why the confidence intervals will not be identical.

[2
Each sampl vwi'll be s1:g

l;j—{— evrent
an will have dl:[—f‘et‘?nt mco\;is and\ van‘qn.(es

Ehus Not 8”"’5 idend ical. confidkence (nReul.

(v) What is the expected number of confidence intervals to contain the population mean?

: [1]
A4S 7. of OO O A0x 300=2F
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11 Two girls, Lili and Hui, play a game with a fair six-sided dice. The dice is thrown 10 times.

X1, Xz, ..., X1o represent the scores on the 1%, 2", ..., 10" throws of the dice.
L denotes Lili’s score and L =10X, .

H denotes Hui’s score and H = X, + X, + X; +...+ X,

for sumafi10 o =60,

(i) Calculate ~
e PL=60) = P(¥X.=6) =% _ Cucih oNRAMNUSEtbe &
B ., o o
e P(H=60).= P(x= -- - =% 10 = &) =< =(-63x%J0 3]

(if) Without doing any further calculations, explain which girl’s score has the greater standard deviation.
Lilis score will have & highRy SO as Hurs [
Scor® s cx combvi'ankon of IQ resvits so s (.'keh
te be closery to thae mEaun

(iii) Write down

o the name of the probability distribution of X;,= 1D rscrete Un n;form
e the value of E(X,), -_—_-Q.‘*EL: é—%_l =2

e the value of Var(X). S [3]
— R N 2 - 35
Var X = n:.(n ) =d—(c ) ) =
(iv) Find

W EY.= E(OX,)TIOE ()= 10%x3:5S =39
®) var), Vay (10X,) = | O>Vor (x‘) = 100 x%:P;LS
© EH), =B (X 4. -+ X 10) T10x E (<) = lO¥ -5 =35

_ 3S 128
©) vaH)zVear (X (+--.42,8) = (OX Var'X, =10 X = BBl &
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The spreadsheet below shows a simulation of 25 plays of the game. The cell E3, highlighted, shows the score
when the dice is thrown the fourth time in the first game.

A B|C D|E|F | G/|H | J K | L M N

1 Throw of dice Lili's  Hui's
2 1 2 3 4 5 ] 7 8 9 10 sCOre  score
3 |Game1 3 5 2|_1! 1 3 1 1 1 4 30 22
4 [Game?2 & 3 2 4 4 3 5 3 3 5 &0 38
5 |Game 3 & 4 2 6 5 2 1 5 2 3 60 36
6 Game4 1 5 1 6 6 3 1 4 6 2 10 35
7 Games 4 4 3 1 6 4 4 1 6 2 40 35
8 Game®6 2 1 5 1 2 5 1 5 2 3 20 27
9 Game7 1 1 3 4 4 5 & 3 4 2 10 33
10 Game 8 1 1 3 5 3 4 4 5 2 3 10 3z
11 Game9 2 2 2 4 13 2 1 5 5 6 20 3z
12 Game 10 3 5 3 3 5 3 4 3 1 1 30 31
13 Game 11 5 3 & 5 5 4 2 1 1 5 50 37
14 Game 12 & 4 3 2 4 1 3 3 5 3 60 34
15 Game 13 2 3 2 1 2 2 2 2 2 1 20 19
16 Game 14 4 1 3 3 i1 2 8 6 1 3 40 30
17 Game 15 5 1 2 6 3 4 6 3 65 4 50 40
12 Game 16 3 & 1 1 5 3 1 3 3 3 30 29
19 Game 17 5 2 5 2 4 5 2 2 3 a 50 34
20 Game 18 3 6 3 5 5 2 3 1 1 2 30 31
21 Game 19 & 6 3 1 5 8 3 4 1 @6 60 41
22 Game 20 2 6 4 5 8 5 2 4 13 3 20 40
23 Game 21 5 3 5 4 5 3 3 6 6 1 50 41
24 Game 22 & 3 5 5 & 3 5 & 1 1 60 41
25 Game 23 5 4 5 5 & 4 2 1 13 6 50 41
26 Game 24 3 5 2 3 2 4 3 2 13 3 30 30
27 Game 25 5 2 4 2 4 5 2 2 5 2 50 33
28

29 mean 37.60 33.68
30 sd 17.39 5.77

Fig. 11
(v) Use the simulation to estimate P(L >40) and P(H > 40). [2]

Ovtof 2.5 \c?omc,&‘ 1 have = 0 cnd\
L have H >Sl0so P(L>L)= —-‘— PH>) = 5
=2
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(vi) (A) Calculate the exact value of P(L > 40). L J [ [1]
P/L->b( )= P (Y\ =S)+P(X, =€) :6 +’Z—: =3
(B) Comment on how the exact value compares with your estimate of P(L >40) in part (v). [1]

F5£¢m+e s O HyH or\ck xact vy R
(SO RAL SO Sk MuUR s a b/e@ff-but

NotrMmasciely ff Consideriny only2LS tra(c

Hui wonders whether it is appropriate to use the Central Limit Theorem to approximate the distribution of

X+ Xy + Xg+.oo+ X -

(vii) (A) State what type of diagram Hui could draw, based on the output from the spreadsheet, to
investigate this. [1]

Normall Probabilyty Plot of che2 S

valves Od- HUC/SSC—O S .

(B) Explain how she should interpret the diagram. _% [2]
T £t apgpRars as ok yovghly s rwg

Ojf\e rnen the valvds Gan b‘g A Qs ¥ bq°k
S Normuu\j Aistriburved sl erinrl
L e Thedrem con be used.

(viii) (A) Calculate an approximate value of P( X1+ X2+ Xs +... + X10 >40) using the Central Limit
Theorem. [3]

HAN(35,350) =>HI~N(3S 3;31@-

P(H>"i°> P =109 =018y

Coﬂ—t»ﬂw{: Cofrec{jo,\‘?\\eedf’o( 25N >< K)O
WEr¢€ AisTrete vaciubles and\ Nc')ffnqL

A styibuthon i contiNnuos.

(B) Comment on how this value compares with your estimate of P(H > 40) in part (v). [1]

T+ (S verd ¢ las® to tre &rtinmete
& o-16.

END OF QUESTION PAPER





