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1. Anisa is investigating the relationship between marks on a History test and marks on a
Geography test. She collects information from 7 students. She wants to calculate the
Spearman’s rank correlation coefficient for the 7 students so she ranks their performance
on each test.

Student = History mark | Geography mark | History rank | Geography rank
A 76 58 1 3
B 70 60 2 2
C 64 57 K t
D 64 63 s 1
E 64 57 K t
F 59 50 6 7
G 55 52 7 6

(a) Write down the value of s and the value of 7
)
The full product moment correlation coefficient (pmcc) formula is used with the ranks
6xd’

n(n2 -1)

to calculate the Spearman’s rank correlation coefficient instead of 1, =1 -
and the value obtained is 0.7106 to 4 significant figures.

(b) Explain why the full pmcc formula is used to carry out the calculation.

m

(c) Stating your hypotheses clearly, test whether or not there is evidence to suggest that
the higher a student ranks in the History test, the higher the student ranks in the
Geography test. Use a 5% level of significance.
@

0]
“) S 3+Lk +S =l We, Fiak e, Mean of
> Ghe M:AS:AJ ranks.

6= L +5 = .5
RX

b) decavse Some o}_ the ruasks  are Eed. (O
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Question 1 continued
C)@ Ho - pP= Q
Hi: pyo ~ Testing positive Comeluten.

We are given thwab A=F anr hae «

One —tuled kes6. Dsiag  Ehe 5Pearmm’s Coe/«/.'c\‘e»\é

bable in the formole book, we see Ethut
O ¢V =0 F1u2
O.F 143 YO0.F\06 =r

Hence, i is not n tue oribice) veco;or\.G)

So Ehere s nsuLlicieat @videace

Soaaest Ehat  Ehe hia\nef‘ the raakR
Hiskory besE, Ene

Ehe (yeoar«laha test .

6o

A the

hiqher €he rask in
J ©

(Total for Question 1 is 7 marks)
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2. A company produces two colours of candles, blue and white. The standard deviation
of the burning times of the blue candles is 2.6 minutes and the standard deviation of the
burning times of the white candles is 2.4 minutes. 8 g
<
Nissim claims that the mean burning time of blue candles is more than 5 minutes greater g <
than the mean burning time of white candles. ; g
&
A random sample of 90 blue candles is found to have a mean burning time of =:°. z
39.5 minutes. A random sample of 80 white candles is found to have a mean burning i e
time of 33.7 minutes. E &
X =
(a) Stating your hypotheses clearly, use a suitable test to assess Nissim’s belief. Use a w '5
1% level of significance. = =
© 2 R
(b) Explain how the hypothesis test in part (a) would be carried out differently if the
variances of the burning times of candles were unknown.
(8]

The burning times for the candles may not follow a normal distribution.

(c) Describe the effect this would have on the calculations in the hypothesis test in part (a).
Give a reason for your answer.
)

a)H‘,:_/UtB T S
Hoc Mo Y pmw + S
From bne fotmok book, We gae Ehub

b_‘ - 7) '(*"* ‘/‘73

YIUY SIHL NI LM ION OC
DO NOT WRITE IN THIS AREA

kS 2
Oy » Ty
Nx Ny

Subb:n\) in weulves, we  See Ehub

2 = 29.5-33.F - (Mg -Mw)
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Question 2 continued
From Ho, wWe can vse Mp- Mo =

©)
2z 39.5-233F -5 205773

|7_~6‘+ 2.42
90 20

Ufw\‘j 6"6 No(/vm\ bable  n bhe 'Lof,“qk,, boole,
look ot p=z0-0) as we lhue o 1>
Ieve| of S\K)A(}:caace.

CU= 12263 O
L. D263 > L0857 73

Do avk reo‘ecb Ho s Ehere is @
msoneJ: evideace  €o supporé Nissim's

LQ\M

D) We woolk vse « b-kese ()

C,) As we have o lurae, skm le s \ze,
Ehe  Sample. Means willU be u‘a rox\rm&e\j
f\ormﬁ‘HJ distribobe X b Ene enbral @
Limit Theoream. J

0]

So Ehere w2 be no efecé s €Ehe
Calculubons  in P‘"b () Can sEin be @

Caorri@d ov€.

I . 0000 .
>
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3. The continuous random variable . has cumulative distribution function given by

0 x<2
Fay={ 125-2>  2<x<10
x

1 x>10

(a) Find P({X < 5}u{x> 8})

)
(b) Find the median of X.

2
(¢) Find E(x°)

3)
(d) (i) Sketch the probability density function of X.

(i1) Describe the skewness of the distribution of X.
3)

o) Pr(x <S} o[ %‘j) F) =0r( x<x)

© = F(5) +(\ = F(%)) We c(unit)mm the =

< NV oo duba

:(\ S —u\*\—(l.ls—')__‘i\m is Cenkinvoos,
5 )

-

3 0

\6

b) The median of X is ab F(»)= ©.5
[26- 2.9 =205 @

ad)

10
Reufmaa;na b{Q\\L‘ M = —3' @

8

P 6 6 8 0 3 A0 8 2 8

PMT|

VIV SIHL NI LM LON 00
DO'NOT WRITE IN THIS AREA

Y3YY SIHL NI 31LI¥M ION 00
DO NOT WRITE IN THIS AREA

YIYY SIHLNIILI-M ION O
DO NOTWRITE IN THIS AREA




Y34V SIHL NI 3LIM ION 00 VAUV SIHLNI ILIEM LON 00

YIYY SIHENE3LIIM 1ON-OQ

DO NOT WRITE IN THIS AREA DO NOT WRITE IN THIS AREA

DO NOTWRITE IN THIS AREA

PhysicsAndMathsTutor.com

PMT

Question 3 continued
c) Recall thet E[363] = Lb 4 dx
Where F(x) s the PDF.
We also recah that F(oc\ = % (F(x)}
FOO) = S L (F) =

X
= 4535,-2' @
10 .
EL)L"}Z j xt«x 2.5 dx
2

= j:’ 2.5 dx (D

= [?_.5:@]:.0

2.5(10) - 2.5(2)

20 OV
&) i) (6= {2-5%'1‘

0 obherwise

(1

W

2 < x Lo

Plols f(’x\: 25
=

(\15 L Sx)

for 2 ¢ X400

P66 8 0 3 A0 9 2 8

9
Turn over >



I | |9SICSR| IU|U|EI| S I Utor.Ccoim

Question 3 continued
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4. A her is i igating the relationship between elevation, x metres, and annual
mean temperature, ¢°C.

From a random sample of 20 weather stations in Switzerland, the following results
were obtained

S =8820655 S,=4447 Y x=28130 Y (=94.62

The product moment correlation coefficient for these data is found to be =0.959

(a) Interpret the value of this correlation coefficient.

)
(b) Show that the equation of the regression line of 7 on x can be written as
t=14.3 - 0.00681x
(O]
The random variable W represents the elevations of the weather stations in kilometres.
(c) Write down the equation of the regression line of 7 on w for these 20 weather
stations in the form ¢=a + bw
1

(d) Show that the residual sum of squares (RSS) for the model for ¢ and x is 35.7 correct
to one decimal place.

@
One of the weather stations in the sample had a recorded elevation of 1100 metres and
an annual mean temperature of 1.4°C
(e) (i) Calculate this weather station’s contribution to the residual sum of squares.
Give your answer as a percentage.
@)

(ii) Comment on the data for this weather station in light of your answer to part (e)(i).

&) Twe L\"\s\ner the elevabon, the lower bhe
tempecutore .
®

b) From Ehe formole baok, e see Ent for lecst
Squaves  reqression lne of Yon = s 53““”"

The regression coefficess of y o X is b= 5zy ()

Sz.x
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Question 4 continued
We also  See bt Sxy (1)
r =
\SSsz"D

vorm  bher formole beok, Wheve 1~ is fhe
fmoduc(: Momert  Correlubon Ceeﬁ.'c:cnb.

Usln\j Ehese fotmokes xa\‘elds

-0.9%59 = Sx6 (2)
J2220655 x bl 7

D Sx¢ = 6006233727 (1)

b = Sxt = -60062.387227 (\)
Soac 32320655
z -0.00631

QCCH“ Elut &:z—-(bjgz) ,€=T,i=7

o= 4l 6L —(-0.0063) x 2.313°)
2.6 2.9

= k.30
€= vl
£z 1.2 ~O . 0063\ O
Q) X is in mebres so x = looow

E=12-6.3|w ®

00000 0 -
| 2
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Question 4 continued

CLX FI“QH e {Of‘mulk book |
Rs5 = Sgy= Ll = Sp{1=r)

RsS =ull,.F — (—60061.364} s
282.06sS

= 3573
= 35-3 (u dp)@
Alkernabvely |
RSS = Lk (! —(—o.ﬁsﬂ"}
= 35 FI
= 3S.3 (hkp)

e) ) So\o\o‘.:\o e giver Vale \daeus
€ =13 - (0.006%) % hHoo)
= 6.-%0¢

We square Ene difference 0p bs and
(:ho ME-LA,

(It -6.80N" = 29.257 ()

S bhe weabwer stabon's  Conkribobon
WUl be
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Question 4 continued

24.257 = 3t1asx ()

25 %

) Twe Poinb v Jirely aa oot lier @

This  Meass €k mozt
Comes  foom  EWs  ene
S$Qms Ve/‘o oali keLa.

O’, Ene Coabribotron
dabn Po.‘AL-, which

(Total for Question 4 is 10 marks)
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5. The continuous random variable X is uniformly distributed over the interval [0, 44],
where £ is an unknown constant.

Three independent observations, X, X, and X, are taken of X and the following
estimators for /# are proposed
X +X __‘I_
f= 12
? LA //
X, +2X, +3X, / /
p=t "2 73
8
X +2X, - X l‘_ F
8
(a) Calculate the bias of 4, the bias of B and the bias of C
®)
(b) By calculating the variances, explain which of B or C is the better estimator for f
)
(c) Find an unbiased estimator for
o

9

RCCH" fvt)r\ elﬂe, fv)fmvi‘» book 6hh€
for eh& Oﬂ(/—ofn A,:s(:.r:bab‘o« On E‘*Ibl

EGI= Ya(a+9) , Var ()= Yo [b-"

o for X~V(0,kp), ’:EE’*\*“A=E&]“E@

EGQ=2f , Var(x)= kf% ' Elexd=ofl]
3 !

I

—!'7_ EE“I + Y'?..I

= Yo B[} + REGR)
‘o (28) +V o (26)
23

2

£l = E[X, +x7_]

(

1|
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Question 5 continued

E[F)= E[ Xix2%s 3*3]

= Ve B[+ Lx2 + 3%3)
= RELI+ VW E[x2) + 2RELS]
B+ N2PB 34 PR
=25 B
ELCQ = E[ X, ¥ 2% —X3
[tz

?—‘/gELx‘ + 22Xz — %3

= YR ELXL+ Yy EDY2) - R €0x3)

=P+ \/7_‘3 = \/Lv{Z

- )28 ©
Recs b(g) = E[¢3—P
Rl op A2 = f O
Bias op B=)sB-f2=058(0
ias of @ 20.5{5-[:7,: -o-s,g@

8]
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Question 5 continued

b\ Recal\ Nar (“‘x)' oVar [X\ Var (Xr\-x'z) —VW(Xh+Vur(X1,)
(‘ X1 and %o

Var (3) = Var (X: +2>2(7_ A 3X3) t«e, inlefenlent)

I

= i Var (X0) * &5 Var (2%2) 35, Var 34)
1_\1 (X\)-? Vur()(:)-&- \/w*(xs)
bl

= _Lx b p* +ixiﬁl+ix_ﬁ_ﬂ‘
6l > 16 > (1% Ed

= =+

7.‘-\»

Vav (C} = uvr [ Xy + 2 X2 —X3B

=1 Vu
6ls

LVar(x) s L

= 1V *

™ QV"( \)

:_\.xﬁ@?’—i-)_xﬁf;z-\:
6l 3

- | B*

g O

<
A (X1 2Xe —¥3)

V(AV“(Z‘K‘Z,\ "‘ ) qu(-?‘qb

VUW" (\(7/ le“()(;

6l ®
Ly lk 6
>

16 > el

" 0 0 0
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Question 5 continued

Thwe bhekter estimabor Woulk huve 6he
sMmallest bias ank the leasé varience.

As B ad C have e:llm.\ hias, we chovse
the esbimubor witl smalier \JayianCe.

As p->o
\Javr ((5\: _')_?—;, .5l %—ﬁz :\/ur(c,)

S0 C s the better estimubor (O
c\ We  wanb E@—ﬁ = O

X\
> @

Ths  works  «s E[%] = p Ond ﬁ-ﬁ =0,

(Total for Question 5 is 10 marks)
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6.

o)

Elsa is collecting information on the wingspan of two different species of butterfly,
Ringlet and Meadow Brown. She takes a random sample of each type of butterfly.

The wingspans, wem, are summarised in the table below. The wingspans of Ringlet and
Meadow Brown butterflies each follow normal distributions.

Number of >
butterflies Z v Z "
Ringlet 8 410 21032
Meadow Brown 6 294 14426

(a) Test, at the 2% level of significance, whether or not there is evidence that the
variance of the wingspans of Ringlet butterflies is different from the variance of the
wingspans of Meadow Brown butterflies. You should state your hypotheses clearly.

(Y]
The k% confidence interval for the variance of the wingspans of Meadow Brown
butterflies is (1.194, 48.54)
(b) Find the value of &
3)
(c) Calculate a 95% confidence interval for the difference between the mean wingspan
of the Ringlet butterfly and the mean wingspan of the Meadow Brown butterfly.
®)

Ho O'RL ) 0-,}{5

o £ 04 O

Recul thut &% = _\__(ix" - ni")
N-\

e = Vp (21032 =@ (1ey) O

1L3%57 O

Sag = /s (1uw2b —6 (7%)‘)

L ©

o

W

20
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Question 6 continued

Pecovse Ewe Ekesk s bwo Eatled, we Use
0.0\ pnb..h:ﬁha.

LOO)Z:AJ ab  the bble in Eve vl bosk, e
haose” T =6-1 = S and W3 =8-1| =F

(Vz F. Lt ©

Decasse. we  usel W,  fo~ the Meadow (rowa
doba, ovr  Lest sbabsbic s
= 1.&36 O
2-FS5T
ll—&’bé’ 4 ?'ng So,

Do nok reyeck Ho , us Ehere is

A s9 Ficient ewdexce & sooaes(; thut
Ene Ve riances OF 6he w;/\JSPO«/\S
ore d:ﬁleren(:.

Io) Recull Ehat (I\-\)Sz = Lower boosl.
Kaa(2)
(6-1)¥k2 = L1t 7y
fXe_\(ul/?.)
= X (2)=16.%3

We. Compure  Elis  Wibn fhe fomql-« book. rde
Caz Cuuk

el/?.T-O-OCJS = o= 0.-0) :7&:@‘1‘
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Question 6 continued

Q) Reca  Ewab  bhe Gonfidove interwe) is

(_i— 6) ier\:ama-xsp R

Ne

whee 55 = (Ax-)Su+ (ny '\)SZ:,
nx+/\a-1
5% = (%- N(2-385F) —[6-N(w)
6+% -2,
- 2. L4v3
= Sp= 1wz ()

ln Ehe moln- book | e ik Ue V2 Vs
0‘, free/:t)rua anh iJSe, pA: 0.025. dﬁ

€ (0025)= 21734 QO
US:AD Eve /ofwlu,

2s-u9) 4 (207 '%MS .
(512 ®L»c1)@( 4)(1 )\? %@

= (015, k. 39)

22
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7. The weights of a particular type of apple, 4 grams, and a particular type of orange,
R grams, cach follow independent normal distributions.

A~N(160, 12%) R ~N(140, 10%)

(a) Find the distribution of

(i) A+R
(ii) the total weight of 2 randomly selected apples.
3)
A box contains 4 apples and 1 orange only. Jesse selects 2 pieces of fruit at random
from the box.
(b) Find the probability that the total weight of the 2 pieces of fruit exceeds 310 grams.
3)

From a large number of apples and oranges, Celeste selects m apples and 1 orange at
random. The random variable W is given by

v-($4) -

where n is a positive integer.
Given that the middle 95% of the distribution of W lies between 1100.08 and 1499.92 grams,

(c) find the value of m and the value of n
®)

o)1) (A +R)~ I\)(léo +\uo ,1')_7‘+\o’~> ©)
(A+R) ~ N (300, ZLgu) 0
W) (AchAy) ~ N (l*léo , 12 x2)
(A, sA)~ N[220, 2%%) ©
bB Here , khee ave bwo Cuses. 2L apphes or |opecd
P(AA\: L\'/S X 3/br = 3/5 Lek X:A\—&Ay

P(%x 7310) =)= P (% <310)

24
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Queston 7 continued
Tape, s o Spor culculubor.
=\ -0.273733
= o-F 2L
p(AOY= |- 3/s = 2,50
Let Y = AsR
PLY S»e)= V= Pr(Y<310)

L\Js:n3 Gloolubr) = |- 0 - FBRG4F
= 0.26]

2/s(0-722) &« 2/s(0.261) 10—53%

Q) W= A «... +An AR
EC)= E[A < xAm ~ R}
=mME[R) - AE[R)
= l6om -140,
Var (W)= Voar (A ¢ ... %A —AR)
= MmVar (A) 4 nVer (R)
Iklem & 1092

1

590, W~ N (\60/‘" A V40n, W lem + JOON)

P 6 6 8 0 2 56 2 8
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Question 7 continued

Rec«\\ thabt Ehe w\/:ulenoe :a&r‘wl hes

for»nu Jw
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Question 7 continued
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