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1. Two students are experimenting with some water in a plastic bottle. The bottle is filled
with water and a hole is put in the bottom of the bottle. The students record the time,
t seconds, it takes for the water level to fall to each of 10 given values of the height, o 2
h cm, above the hole. g 2
Student 4 models the data with an equation of the form =a + bl 2 ;
F
The data is coded using v=¢—-40 and w= Vi and the following information _!; z
is obtained. " ¥
z 8
L 2 _ o _ _ = 3
Sv=626 YV =64678 Y w=2247 S =452 S =-33883 T
5
(a) Find the equation of the regression line of 7 on Vi in the form 1=a+ b\ o C
) > C
The time it takes the water level to fall to a height of 9c¢m above the hole is 47 seconds.
(b) Calculate the residual for this data point.
Give your answer to 2 decimal places.
2)
Given that the residual sum of squares (RSS) for the model of 7 on Jh is the same as g 5
the RSS for the model of v on w, % 2
(c) calculate the RSS for these 10 data points. 2 g
2) 2 ok
= s
Student B models the data with an equation of the form ¢ = ¢ + dh =~ ¥
= 8
The regression line of 7 on / is calculated and the residual sum of squares (RSS) is xz S
found to be 980 to 3 significant figures. s E
5 2
(d) With reference to part (c) state, giving a reason, whether Student B’s model or = E
Student 4’s model is the more suitable for these data.
m
&) From Ewe formile Bookleb, we have &b
b=~ S, o= 5 -bx :
2 <
R 5 .
s i
b= -238.33 = -7L.96() 2
m u
.52 z !
T 2
= k
- O = @
o= 626 - 22LFhb Q U= LV G =%u <
|10 \0o n n m
> -
= 231.0l
\ J
2
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Question 1 continued
v=6t-L0 @®
= b= 220k +ud — Zu.96 (I

= 27.0k —7L.96Jh o®
b) Residout = & - (0 +6dn)
Residoal = w7 —(27104 -1 465 ) ®

\

Z0.%50

c) r"om twe.  Formola ﬁmh\eh we. have Euub

Sw = Swr - (Zv)E
N

Sw = 6W6F 3 - 626" = 25%4%0. % ®
\0

A\so y e hwe, t\no.b

RSS = Sou— (Sw)*

At

Sww

Rss = 26440l — (-3333Y" = Go.89 g
k- 52

d) Sbwlent A% model is more scibuble s bhe Q)
Som o) Ewe S;ywes o} the residvals s lower

.

J
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2. An estate agent asks customers to rank 7 features of a house, 4, B, C, D, E, F and G,
in order of importance. The resp for two randomly selected are in the
table below.

Rank 1 2 3 4 5 6 7

Customer 1 4 E ¢ C3 Fq, GL Bl&- Dj
Customer 2 E.S F? C3 GG A\ DL Bl&

(a) Calculate Spearman’s rank correlation coefficient for these data.

“@)

(b) Stating your hypotheses and critical value clearly, test at the 5% level of
significance, whether or not the two are g lly in

3)

0) RCLM" that Spep(th’s ranR corvelubion we/ﬁde-e s

fo= | — 6242

n(a =)
A= (V\-5,6-F, 33, F-6,2-1, 4 -2, $-u) g

= (“\’*1"\) 9,V ), 7—“\

id": \o+) 40 A\ 4\ 4 L~ = Z-L\@

= 1- 6(uw%=05Fup
372

b) Ho: ps =0
Hips 20 @

Az 3, uh bhe 5% level, compare
with bhe Luble

=010 50.57 =

.
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Question 2 continued

Wence , do nok veject Ho ,as khere s
“nSofficeat @uidence bo Condwle (hut Ehe
Cuskomers are  ia oareeml;‘ ®

(Total for Question 2 is 7 marks)
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3. A factory produces bolts. The lengths of the bolts are normally distributed with mean
pmm and standard deviation 0.868 mm

A random sample of 15 of these bolts is taken and the mean length is 30.03 mm

(a) Calculate a 90% confidence interval for x
3)

A suitable test, at the 10% level of significance, is carried out using these 15 bolts,
to see whether or not there is evidence that the variance of the length of the bolts
has increased.

(b) Calculate the critical region for S*
3)

The manager of the factory decides that, in future, he will check each month whether
the machine making the bolts is working properly. He uses a 10% level of significance
to test whether or not there is evidence that

« the mean length of the bolts has changed

« the variance of the length of the bolts has increased

The next month a random sample of 15 bolts is taken.

The mean length of these bolts is 30.06 mm and the standard deviation is 1.02mm

(c) With reference to your answers to part (a) and part (b), state whether or not there is
any evidence that the machine is not working properly.
Give reasons for your answer.

@)

o) From Ehe bables o o celeolutor,

Z=\)6kwy Q)

Recall bwuk Ehe formole fLor oo Confidence
inkerval ol « Meun wibth lzaown Popo\ue;oﬂ
sbandurd  'devisbion s

=z =T

0.8
30.03 L |6kl r 3o ©
(249.661,%0.299) Q
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Question 3 continued

b) Recall Enuk the aritical ~ralve fw Eve
\)Pperboomk 0" twe vunuace s

[A-Ns2 5 a2
XL ()

From &kwe bable h(o.ﬂ'— 2l.06k ©

S we hwe _1¥3Z 5 9.86%8* ©
2)-06L

D \het V1537
) ST 1.133 0

) There 15 insofficiont evidence Ehub the
Mudne s pob worb!:) Prof)eri\j s

© 30.06 is ok in the  Conpidence MEevel,Q

102 = LOkoWw 5 Aok in bhe eribical rea.'er\.m

(Total for Question 3 is 8 marks)
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4. The random variable G has a continuous uniform distribution over the interval [~ 3, 15]

(a) Calculate P(G > 12)
[¢)]

The random variable / has a continuous uniform distribution over the interval [2, w]

The random variables G and H are independent and E(#/) = 10

(b) Show that the probability that G and H are both greater than 12 is i
3)

The random variable A is the area on a coordinate grid bounded by
y=-3
y=—4|x|+k

where & is a value from the continuous uniform distribution over the interval [5, 10]

(c) Calculate the expected value of 4

W 1}%

=3 T 15
()= 2% L= 1
% 6

)

b) Recal) Ehek for bhe Unform Diskribition,
ELQA= ask
2

EfMl= 2sw =lo o w=1% @
EN

\
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Question 4 continued f as nde Pénd?nb

v
b (G2 \ HY 1) = P (GINY P (H712)

=) x 13- ©
6

1R -2
16

J We wan Plok [ aﬁ.'\\ Wik

-3 uz -bX tkR, w=lkix R
Jd 7 d J

L/“a:h
Y
®
A 5
~R-3 =, 2+ =oc, ®
G o

Ave.. o é.r.'q»aw- = _\i (\s-ta)(:c;__x.\

2 ) (e+) (k3
P 2.

= (h‘k%’)?‘ &)
J

L

J
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Question 4 continued
Reca) buak Eﬁs{zﬂ = Sb%bc) ‘lC'z,) de
F[ k) - | -

ECA.I‘—' J')gx(l&.*_hﬁ dh ®
s
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5. A continuous random variable X has probability density function

o’ b7 2<x<®
f(x) = .
0 otherwise

where @ and b are constants.

Given that P(X < 4) = %

(a) use algebraic integration to show that a =3
Show your working clearly.
(6)
(b) Find the exact value of the median of X
)
" 0s bhe  Som o}
\ Proty.b".l:t;es s ).

n

o) S‘("Ax{"' ~bx2de
Y
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Question 5 continued
5 2 S —% b+l —Ubb =\
<
3 2
e £ = R -2b=10Q
E % and L - =98
. 2| @ b= Lu-g
> o
2 Ja- 3(1-\-0\—‘85 =12
D du— 12 F24 =W
3 = D “bhu= -\2
E: iR
. £ 5 w=3 0
5 2
= E b)) b2 s()- = 4 ©
g = ™ & median
B,
g 2
2
S [=3+ 2 717 = 3
[ > x% [ 2 ©
) < 2 "'2, > 2 5 l = L = _\_,
% S m M z L 2
= Ly Mol s L =0 Q
-: § =) m=z 35 3¢ \)s\‘:) o Cu\olubor,
A6 .
= il m=34 8 (3-8 ) 0

15

M —
| B | | | | ||| || Turn over »
P72801A0 135 28 sn ovel



PhysicsAndMathsTutor.com

6. Aresearcher set up a trial to assess the effect that a food supplement has on the increase
in weight of Herdwick lambs. The researcher randomly selected 8 sets of twin lambs.
One of each set of twins was given the food supplement and the other had no food
supplement. The gain in weight, in kg, of each lamb over the period of the trial
was recorded.

Set of twin lambs A4 |B|C|D|E | F G H

Weight gain With food supplement | 4.1 53 6.0 |3.6 59 42|71 64

(kg)

No food supplement 50 48 52|34|51(39|70|65

(a) State why a two sample -test is not suitable for use with these data.

(O]

(b) Suggest 2 other factors about the lambs that the researcher may need to control
when selecting the sample.

2)

(c) State one assumption, in context, that needs to be made for a paired #-test to
be valid.
(O]

For a pair of twin lambs, the random variable W represents the weight gain of the
lamb given the food supplement minus the weight gain of the lamb not given the food
supplement.

(d) Using the data in the table, calculate a 98% confidence interval for the mean of ¥
Show your working clearly.

)
The researcher believes that the mean of W is greater than 200 g

(e) Stating your hypotheses clearly, use your confidence interval to explain whether or
not there is evidence to support the researcher’s belief.
3)

o) ™™e kwo  Sumples are  nok independent. ()

b) Thew shoold consider €we  bictin Wb @ and bhe
ye-drr of the Numbs.@)

Q) We noed ko assome kbt  bhe  diskrboton
o bne  difjerence hebween ke weral-(:
Quin> _ore notmally distrlted. O
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Question 6 continued

A) \l\l@ Cko ’\OE h’\ﬂ\d 6\'6 Po?olukio'\ Nuviante |

% we vse o & confidence nkeevy.
x % & st
&Hefmes = (-94,0:5,0%,02,0.%,0.3,0.1,-0.)
Recall bt  x = Sx

Lot = 1 Zxr -
N N-\

)

N=%, x=13F = 0025
%

St = 241
5s? = _1?_ (2-44-2(0-0usk)) = 0-30w ()

Xt = 0.0u5)6

for b, We huwe B-\'=7 9 freaulom
S0 frum khe buble, (e huve & U eriticl’ yulve of
6= 24930

0’5ou\
0.2\25 1. 2.99% ©

So We \/\uqe_
(o332, 0743) 1)

e H M-.:Ol
) N M:vo'L@

2004 = O.2ky, whith s in  Oor Confidence
‘nberN ). ®

J
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Question 6 continued

Hence, we
msoHrc:er\b

do  ack re\swe Ho , Qs

Ehwere s

evidonce ok M is 8re<.6€f Brn 0.2

)
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7. Two organisations are each asked to carry out a survey to find out the proportion, p, of
the population that would vote for a particular political party.

The first organisation finds that out of m people, X would vote for this particular
political party.

The second organisation finds that out of n people, ¥ would vote for this particular
political party.

An unbiased estimator, Q, of p is proposed where
0- k( X v )

4=
m n

(a) Show that k= %

)

A second unbiased esti R, of p is proposed where
R X bY
m n

(b) Show that a +b=1

)
Given that m= 100 and n =200 and that R is a better estimator of p than O
(c) calculate the range of possible values of @

Show your working clearly.
(@]

& Qi odbiexd ) S0 Ef@\=p
EEdl'-'-E[\Q(—i% *%’.)‘J =7

ABs X and Y o b?nom?q\b disk riboted
EfQ= Mme- EE}/}: np
2 h[—gﬁ_’p‘__ + _/\{;]: 20
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Question 7 continued
£ 'th =9
- k=~ 0

b E(R] = ‘A‘%Q‘.‘l A b_EXCV_l =

= bnp =
) %ﬁ,—?_ﬂf;-p@

=) ap + bp:p
2 a+b =10

d As Qouak R ate  Onbiased, i R e
Lebter esbimutor, khwen it Ws o Jower \uriunce.

\ju-r’ Q) = Vur ] Vu X&b\/ =
(& = Ver 8 35+ %) ut(:w(:((x\«blvzdv) 1
)Y iadependon &
= _\Qi' Vue(%) T ,I_Q_?:\’ur(\) P
M- nt

Binlap ?
R aglh § E aglnp Vur(R\ =npli-¥)
mt ot
= Rk'(-p) + R*p(i-p)
M a

O e [3) + 12 Vae(3)

Vur (f\\

o

ot mpli-g) + 5= apli-p)
M e

\ J
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Question 7 continued

=at9(i-g) +« »2p(i-p) O]
/M 1)
Vur(ﬁ»(\lur(&) 2 0%, bt 4 k_’l’_ A _k;‘. o
M n ” A
p\\) A hz\h,,

3 M=\, D __i + (- {1 (l_ *.L..)
n=2o , \0o 200 [ 200 ®
b=\l-a

5 o> 4 (R
| oo 200 300

= R 4 ki-a)t <3
D Wbt - x4 43
D 2o -%ur1 20

The criticad valoes are e a2 0]

So Ve { o <\ ) T\ /
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8. A company packs chickpeas into small bags and large bags.

The weight of a small bag of chickpeas is normally distributed with mean 500g and
standard deviation 5 g

A random sample of 3 small bags of chickpeas is taken.

(a) Find the probability that the total weight of these 3 bags of chickpeas is between
1490¢ and 1530g
3)
The weight of a large bag of chickpeas is normally distributed with mean 1020 g and
standard deviation 20 g

One large bag and one small bag of chickpeas are chosen at random.

(b) Calculate the probability that the weight of the large bag of chickpeas is at least 30 g
more than twice the weight of the small bag of chickpeas.
Show your working clearly.
(©)

Soo
.S

0.\ Leé) T_—' S\‘szﬂ'Sg VEC?.I
ar (S8
EE"'} N EES\-&Sa,-o-S-ﬂ !

= £(5,)+£€[s2) +ELs3\= 1ISo0 ©
Varff) = Var (Sn +S2 +Sg)
= Var(5,) + Vor ($2)xVer (83) =3$ 0)

Se VTNN(ISVCEO, 35)

Pr(1wq0 £ T L 1530) = 6.87S€ @ Usiay o Coleslutor

b) SNN(SOO,IS’)) L~N(1020, k00)
Pr(L % LS+ 30)
S Pr(L~2S 3 3o)
labrodace e New Varible X=L-25 ()
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Question 8 continued

€02 = EL] - 2€[5]
= 2o — 'L(Soo\ =20 ()
Vor(x) = Var(D) 4 L Var(s) ©VarfaX+bY) <a? Ve () 62 Vor(y)
= koo + u(28) = Soo g
X~ N(20, s00) ©
Pr(%X > 3e)= 0-7273 U3ing_a. caleolator,
0]
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