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1 Gina receives a large number of packages from two companies, A and B. She believes
that the variance of the weights of packages from company A is greater than the variance
of the weights of packages from company B.

Gina takes a random sample of 7 packages from company A and an independent random
sample of 10 packages from company B. Her results are summarised below

a=300 S, =145496 b=2334 S, =56364.4

[You may assume that the weights of packages from the two companies are normally distributed.]

Test Gina’s belief. Use a 5% level of significance and state your hypotheses clearly.

(6)

Hi:oa > 0w O ¢ vaiance of Ais eater than variance of 8.
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Question 1 continued

(Total for Question 1 is 6 marks)
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2 Jemima makes jam to sell in a local shop. The jam is sold in jars and the weight of jam
in a jar is normally distributed.

Jemima takes a random sample of 8 of her jars of jam and weighs the contents of each
jar, x grams. Her results are summarised as follows

> x=3552 ) x*=1577314

(a) Calculate a 95% confidence interval for the mean weight of jam in a jar.

()
The labels on the jars state that the average contents weigh 440 grams.
(b) State, giving a reason, whether or not Jemima should be concerned about the labels
on her jars of jam.
(1)

(0) The 100(1-%)7 confidence interval i S\Kn b”-.
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upper limit - 444 + 9.365 x [30985%F. = 44235
3

S conh In | = : 449 - 0

P 6 2 6 8 0 A 0 4 2 4

X &
.:.:'1'?:.
S
o7
S
X
=
XS
Joteraaiels

X
to:
N
V3
K55

HRRIRRIKLRS

% % <y
CREIEIKRKLREILRA

QORI
s ssoas
O o e teeetetess, v
ssaseistotetetototeseds
R

%
JER
5
5
90

o
¢
o
::
0t































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































bosc
botete
SRS
PS40 sriess
boseLizetes

<9
KPS

2 i

05557 %
SR
e’ %
SRES
W%

X
SRS

Rosetata’ed
Badorara’edy

0 80
(0% - 4 v
e
oS eTate
P %%
S
.:.e o%

QKA
SRR
»
KT
XA
<3S

S
SRS,
oS e led
LK

$%%%
%
YO
L
¥
23978

&

S

X
LGN
v

RIHLAR

‘:’:’
oo
e
KK

o%%
<R
RERRS

X
X
b

odetetototedodetelst

CERRRLES
RRELRS

RRERRRELES,
0

RRELRKES,
RoSotesetetotetote

<
555
<5
3
258
X

<
X
6%
<
<
XA

PhysicsAndMathsTutor.com

7~

Question 2 continued

(Total for Question 2 is 6 marks)
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3 Below are 3 sketches from some students of the residuals from their linear regressions of

y on X.
Residuals
X x X
X
0 x X Z I
X
Xx XX % X X
Residuals XX XXX
X
X
x xxXxX
0 P> 11
X
Residuals
X X X
X X X X x
0= P> 11
X X X X
X X
X

For each sketch you should state, giving your reason,
(i) whether or not the sketch is feasible
and if it is feasible

(it) whether or not the sketch suggests a linear or a non-linear relationship between y and x.

(6)

. . \ . cx- (:) . (; . \53

about zero.
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Question 3 continued

(Total for Question 3 is 6 marks)
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4 A biased coin has a probability p of landing on heads, where 0 <p <1

Simon spins the coin n times and the random variable X represents the number of heads.

Taruni spins the coin m times, m = n, and the random variable Y represents the number of heads.

Simon and Taruni want to combine their results to find unbiased estimators of p.

) . X+Y . 11X Y
Simon proposes the estimator S = —— and Taruni proposes T = =| —+ —
m+n 2ln m

(@) Show that both S and T are unbiased estimators of p.
©)
(b) Prove that, for all values of m and n, S is the better estimator.

(4)
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Question 4 continued

E(T)

|-
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Question 4 continued

Var (S) ¢ Voo (T)
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Question 4 continued

(Total for Question 4 is 7 marks)
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2

The random variable X has probability density function f(x) and Figure 1 shows a sketch

of f(x) where

kK(1—cosx) 0<x<2n

f(x) = .

(@) Show that k = or

The random variable Y~N (x4, %) and E(Y) = E(X)

The probability density function of Y is g(y), where

1
g(y) = Py

Given that g () = f()

(b) find the exact value of o

L 3 o
(c) Calculate the error in using P %<Y<?n as an approximation to P %<X<

otherwise

—00 <Y < 0

3)

3)
3

2
(4)
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Question 5 continued

s:jmme’cvi cal about 1T :

E(x) =

TC

[V
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f(p)

| l
21C TC
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\J ]

= (W)

) «— exponent dicappeocsS:
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- / -
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Question 5 continued

3 () - .
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Question 5 continued

(Total for Question 5 is 10 marks)
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6 A new employee, Kim, joins an existing employee, Jiang, to work in the quality control
department of a company producing steel rods.
Each day a random sample of rods is taken, their lengths measured and a 95% confidence
interval for the mean length of the rods, in metres, is calculated. It is assumed that the
lengths of the rods produced are normally distributed.

Kim took a random sample of 25 rods and used the t distribution to obtain a 95%

confidence interval of (1.193, 1.367) for the mean length of the rods.

Jiang commented that this interval was a little wider than usual and explained that they
usually assume that the standard deviation does not change and can be taken as 0.175 metres.

(@) Test, at the 10% level of significance, whether or not Kim’s sample suggests that the
standard deviation is different from 0.175 metres. State your hypotheses clearly.

(9)
Using Kim’s sample and the normal distribution with a standard deviation of 0.175 metres,

(b) find a 95% confidence interval for the mean length of the rods.

(3)
(o) From cnfidence. intecval : X = 193+ 1-367F = |9 O©
‘ 2
. + X X _S_
n
=925, 100(l-x)=95 => x=——

/

'E‘ [I/ZO\) - 20! 4 «— F Sﬂ]!:s '.I\ES

L3LF = 118 - 1-0b4 X — O
325

< -5« I'36F -8
1064

Q= 0-208 O

Ho: 0 = 0135 H:oc+0.135 0
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Question 6 continued

2

(A-0S" = 24« (0210Y* 0= 24.91 O

14

o—?.

(0-*F58)* 0

test stol.

j;(o-os) cnbeal resion 1S

YR

< 13-4

S s 34158 O

24

24

9% + |-Qb x O1FS  ©

258"

CT =

(121, 1:35) ©

(Total for Question 6 is 12 marks)
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7 Fence panels come in two sizes, large and small. The lengths of the large panels are

normally distributed with mean 198 cm and standard deviation 5¢cm. The lengths of the
small panels are normally distributed with mean 74 cm and standard deviation 3cm.

(@) Find the probability that the total length of a random sample of 3 large panels is
greater than the total length of a random sample of 8 small panels.

(6)
One large panel and one small panel are selected at random.

(b) Find the probability that the length of the large panel is more than 8 times the length
of the small panel. 3

(5)

Rosa needs 1000 cm of fencing. The large panels cost £80 each and the small panels cost
£30 each. Rosa’s plan is to buy 5 large panels and measure the total length. If the total
length is less than 1000 cm she will then buy one small panel as well.

(c) Calculate whether or not the expected cost of Rosa’s plan is cheaper than simply
buying 14 small panels.

(6)

X=L,+l,+L,0 formula for combining

variahles with Ldm.l:'ic‘}a\

\ 4
X ~ N (r\'LL,) no” ) nomal distnbuhon.

X N(2x198, 3x5*)

X~ N[5, 35) O

Y=S,+... +Se

2% 5% + % (-3)"

Yo N(2xF4 % x 3")

Y~ N(592, 72) © -3 I

W

P(Xx>4) = P(D>0) whee DuN(L, 14F) @
T diffecence.
= 0.-5bb O©

™
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Question 7 continued

(b)

w=l_—%$ — 3

3
1
S
Q
|
|
X
4
£
"
wirs
©

|
|
|00
X

<

O\)MN(%;&Q) ©

Nt

Plw>0)= 0528 ©

(c

Let | ce. -

F=L,+.+Ls, O

FoN(S %193, 5%x5™)

F~nN(3990, 125) ©

P(F<1000) = 0-}4t @
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Question 7 continued

(Total for Question 7 is 17 marks)
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8 Acircle, centre O, has radius xcm, where x is an observation from the random variable X
which has a rectangular distribution on [0, x]

(@) Find the probability that the area of the circle is greater than 10cm?
®3)
(b) State, giving a reason, whether the median area of the circle is greater or less than
10 cm?
(1)

The triangle OAB is drawn inside the circle with OA and OB as radii of length xcm and
angle AOB x radians.

(c) Use algebraic integration to find the expected value of the area of triangle OAB.
Give your answer as an exact value.

(7)

(o) rectongu\ar = conbinuous uniform

X~ WlOo,T

ofea. = tX*

P(rX® >10) = P(X*>» =
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Question 8 continued

Area. of thangle = Zobsinc

{ .
= 7 XXt x Inx

= 0-5x*Rinx. ©®

E(area) = £ (flx) % area.)

= E(=% 0 56x*sinx )

11y

— 0-5¢*sinx. da

o (&%)
r TV
{ .
= 5 x*sinx dx. ©
Ay - o

uN = Jvu

w=x* — w=7x

V' = Sinte — \V = -cosx

Yxcosx dx. ©

® u_\/—u\lu.' = - x?cosx +

Repeat for news i n\'QS(OJ‘-

w=2>x - u' =172

V'= cofSXx. = V= SinC
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Question 8 continued

- v = 9xnx - | 2<inx dx

~

Sub @ into © : -x*cosxe * Lxsinx - |

E (aseo)) = 27 |- t + ' +
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