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MS04

Question 1

1 The volume of fuel consumed by an aircraft making an east-west transatlantic flight was
recorded on 10 occasions with the following results, correct to the nearest litre.

68860
70467

71266
71231

69476
68977

68973
70956

69318
69465

These volumes of fuel may be assumed to be a random sample from a normal distribution
with standard deviation o.

(a) Construct a 99% confidence interval for o . (6 marks)
(b) State one factor that may cause the volume of fuel consumed to vary. (1 mark)
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Commentary

The candidate loses marks here by having 8 degrees of freedom, instead of 9. This means
he also gets the wrong values for chi-squared and loses the final accuracy mark. He earns
the final mark for a correct comment. A number of candidates lost this mark when they said
that more fuel was used when the plane travels further, which is not addressing the concept
of variability, which is being tested in this question.

Mark scheme

Q Solution Marks | Total Comments
1(a) | s=976.09 Bl

y=0 Bl

2 (0.005)=1.735

72 (0.995)=23.589 Bl

90% CL for o are: Or o

9x976.09° . [9%976.09° Ml )

23580 an 1.735 AlS J* ons’and g (with or without \/_}

99% CT1s (603, 2220) Al 6 AWRT

(b) | eg: Weather conditions El 1 Any sensible alternative
Load
Pilot
Total 7
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Question 2

2

(a) The discrete random variable X follows a geometric distribution with parameter p.

1
Prove that E(.X) ; (3 marks)

A fair six-sided die is thrown repeatedly until a six occurs.
(i) State the expected number of throws required to obtain a six. (1 mark)

(i) Calculate the probability that the number of throws required to obtain a six is
greater than the expected value. (3 marks)

(iii) Find the least value of r such that, when the die is thrown repeatedly, there is
more than a 90% chance of obtaining a six on or before the rth throw. (4 marks)
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Commentary

The candidate correctly answers parts (a) and (b) (i), but trys to go for the quick solution in
(b) (ii).The index is wrong, however, (5 instead of 6). This loses all the marks. If the method
whereby a geometric progression was summed, 1 or 2 marks could have beeen earned, if a
mistake had been made.




Mark Scheme

MS04
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Question 3

in the table.

3 A geologist is studying the effect of exposure to weather on the radioactivity of granite. He
collects, at random, 9 samples of freshly exposed granite and 8 samples of weathered granite.
For each sample, he measures the radioactivity, in counts per minute. The results are shown

Counts per minute

Freshly exposed granite

226 189 166 212 179 172

Weathered granite

178

171 141 133 169 173 171

(a)

(b)

Assuming that these measurements come from two independent normal distributions
with a common variance, construct a 95% confidence interval for the difference
between the mean radioactivity of freshly exposed granite and that of weathered granite.

(9 marks)

Comment on a claim that the difference between the mean radioactivity of freshly
exposed granite and that of weathered granite is 10 counts per minute,

(2 marks)
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Commentary

MS04

This question was generally done very well, but this candidate makes a slip with the value for
the pooled variance. An incorrect t-value is looked up in the tables. Finally the standard error
of the differences is incorrect. In all 5 marks are lost.

Mark Scheme

Q Solution Marks | Total Comments
3(a) ;:192 5 =19.736 B1 Both CAO
;=162 5, =16.362 B1 Both (AWRT 19.7, 16.4)
) 9.736" +7x16.362°
S_=8><1_ 36" +7x16.36 M1
8+7
=332.6 (=18.239°) Al AWRT 18.2
v=15 B1
tr=2.131 B1 AWRT 2.13
192 -162 =30
s, 95% CL are:
/ A
304 2.13x18.239 1+1‘ ML N )
| 9 8) AlY Jontand s°
95% CIis (11.1, 48.9) Al 9 AWRT
(b) | 10e CI ElS
. reject claim els” 2 Jon (a)
Total 11




Question 4

4 The lifetimes of electrical components follow an exponential distribution with mean
200 hours.

(a) Calculate the probability that the lifetime of a randomly selected component is:

(i) less than 120 hours; (2 marks)

(ii) more than 160 hours; (2 marks)

(iii) less than 160 hours, given that it has lasted more than 120 hours. (3 marks)

(b) Determine the median lifetime of these electrical components. (3 marks)
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Commentary

In part (a) (i) the candidate writes 119 instead of 120., losing a mark. Part (a) (ii) is correct,
but like many other students, the candidate cannot calculate a conditional probability in part
(a) (ii)). What is required is P(120<X<160)/P(X>120), making use of the answers from the
previous two parts (see mark scheme below). The candidate makes a good recovery in part

(b), however, handling the negative signs and logarithms perfectly.




Mark Scheme

4@)() | F(x)=1- e“:%c May be quoted
P(X <120)=1-¢"¢ M1
=0.451 Al 2 | AWRT
(i) | P(X>160)=e""* M1
= 0.449 Al 2 | AWRT
(iii) | P(X <160|X >120)
or
_1-[0.4512+0.4403] M1 =P(X <40)
a 1-0.4512 Al =1-e™
=0.181 Al 3 | AWRT
1
®) 1™ =05
WM =05 M1
=m=1n0.5 x(-200) M1
=139 hours Al 3 AWRT
Total 10
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Question 5

5 It is thought that the marks in an examination may be modelled by a triangular distribution
with probability density function

1 =
W_‘( 0<x<50
£x) 6 2 50 < x <75
75 1875 N<x<7
0 otherwise
(a) Sketch the graph of f. (2 marks)
(b) A school enters 60 candidates for the examination. The results are summarised in the
table.
Marks 0- 25— 50-75
Number of candidates 7 28 25

(i) Investigate, at the 5% level of significance, whether the triangular distribution in
part (a) is an appropriate model for these data. (9 marks)

(i) Describe, with a reason, how the test procedure in part (b)(i) would differ for a
school entering 15 candidates, assuming that its results are summarised using the
same mark ranges as in the table above. (2 marks)

Student Response

Sa.| %s

N
7
N 2

b H,: K~ Trianguler distnbuecon. B |
L H XS notra tnanguiar distribubion.

=]

Expltted 0-25
| .




Experted 76-50 .

K¢, -f/'l 7C %0 )= 10+ 20 = 30

/

(3 7 ")

1: effc@d %O 19

5991 > 7.2833 /

Thorefare aceept H, , (WQrks canbe, |-

Z=u

nvodellod by a,tmanauw
distrtoutior. %

Exnected valuer wouid o (ess

/

N9 hotween. 0-25

S0 they Would noed ta_ be

rouped & q
o0 aNd 1058 Aceurn. Y

l.a—r"md-jﬁ! {\wkkt| =N 4 d-nL\-d?_

p‘l-—“-f\"t-d'r-(_‘.t‘{




MS04

Commentary

The candidate has a clear and accurate diagram. (Many cadidates thought that 50 was
halfway between 0 and 75, or worse.) This was marked leniently as only a sketch was
required. The candidate uses areas of triangles and a trapezium to find the expected
frequencies in part (b) (i), which is easier and quicker than integration, which was often
employed. The calculation of chi-squared is accurate, as are the degrees of freedom,the
critical value and the conclusion of the test, in context. The comment in part (b) (ii) is correct
and gains both marks, some candidates dropped the second mark by not referring to the new
number of degrees of freedom.

Mark Scheme

Q Solution Marks | Total Comments
S(a)
B1 Shape
|
) B1 2 x—scale
|
. >
50 x
(b){d) | H, : triangular distribution fits B1
1 M1
Areas E E E Al
0, 7 28 25
E, 10 30 20 AL/
2 9 4 25
Mg =—+—+— M1
A 710730 20
=228 Al Accept 2.25 to 2.30
yv=3-1=2 Bl
7o, =5.991 B1 AWRT 5.99
2.28 <5.991 = Accept H,
Triangular distribution fits data at 5%
level of significance AlS 9
(ii) | E;< 5 = combine classes M1
1 A
| =x15=2.5|
L6
v=21-1=1 Al 2 Or gives new Zf_dc
Total 13




Question 6

6

(a) The IQs of a random sample of 15 students have a standard deviation of 9.1 .

Test, at the 5% level of significance, whether this sample may be regarded as coming
from a population with a variance of 225. Assume that the population is normally
distributed. (6 marks)

(b) The weights, in kilograms, of 6 boys and 4 girls were found to be as follows.

Boys 53 37 41 50 57 57

Girls |40 46 37 40

Assume that these data are independent random samples from normal populations.

Show that, at the 5% level of significance, the hypothesis that the population variances

are equal is accepted. (7 marks)
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Commentary

In part (a) , testing a population variance, the hypotheses are correctly stated, the critical
value and test statistic are clearly displayed and the correct conclusion, in context, is given.
Likewise in part (b), testing whether population variances are equal, using an F-test, the
same procedure is meticulously carried out and full marks are scored for this question, which
iS most impressive.




Mark Scheme

Q Solution Marks | Total Comments
6(a) | Hy: 07=225 H,: 0’ %225 Bl Both
v=15-1=14 Bl
12 (0.025)=5.629 |
75 (0.975)=26.119 Bl Both; or F(ee, 14) = 2.487
(1 — 152 2 J 225
PR e VS CELR SO M1 R
o 225 Al 9.1°
5.15<5.629 = Reject H, 2.72 > 2.487 = Reject H,
Evidence to suggest that
variance is not 225 AlS 6
®) | Hy:op =0, H:o;#0; Bl Both
53 ="70.567|
R H B1 Both: or 5, =8.400 s5_=3.7749
si=14.25 |
_70.567 _ 5 M1
@k g 0s =4.93 AlS AWRT: V" on variances
w=5 »=3 Bl
F,, =14.88 Bl
4.952<14.88
= Accept Hy
Variances are equal AlS 7
Total 13




MS04

Question 7

7 (a) The random variable X has a distribution with unknown mean u and
unknown variance o 2.

A random sample of size n, denoted by X, X5, X3, ..., &), ., has mean X and
variance V', where

. L 1 , .
X =;;X,- and V = (;ZX,- X
(i) Show that

2
E(Xi-z) ~¢? 4 and E()_(?‘} =G:—_I b (3 marks)

2 7
is an unbiased estimator for o 2. (3 marks)

(ii) Hence show that
n

(b) A random sample of size 2, denoted by X; and X, is taken from the distribution in
part (a).

Show that %(X] X2)2 is an unbiased estimator for o2 . (4 marks)




Student Response

Hlyle) V= EGE)- fEOo?"
6= BLx2) - u*
B = B i, LM
_-"v:l
E(xY)- fC—(x) P
%—*s—(rl)- / %

é(x"\: 4;-#14, /

E(50)

)

= (£ (D - Q—;,-+M))

=i ZJ-{-}‘{_TM)

= _,zr_ n&-ﬂ)

— Lch,/s A

blank

LW‘?




MS04
b)  E(zCh-%)Y) e
= i ECX;‘ZX/ + X, )/
= fz:cx’*)-z% ECX,Y) |
— 24 ¢ cflﬁal)

,.m&"“lﬂ —p——ﬁ)

f/( 0'2"1’-!;;{ —,,{/«

\

VA

E(s(x-Xx)")

= 3 E(X,=X)

=% F(X*-2X X v X0)

L[ ECO — 2 B XY+ ECGD )
= T g = 200 +4 ) e

=3 (2o L2 24 Y

'E: th £ - V/ (\E
Commentary

This proved to be the most difficult question on the paper. This candidate is able to rearrange
the formulae for both of the preliminary results, which are then needed in part (a) (ii). A
number of candidates were able to do part (a) (ii), without first doing part (a) (i). Pleasingly,
this candidate did part (a) (ii) after a false start,proving that persistence pays dividends.
Likewise a false start was made in part (b), but the question was completely and correctly
answered, using the alternative method in the mark scheme. The alternative method proved
to be the more common approach, by those who were able to complete this question.




Mark Scheme

Q Solution Marks | Total Comments
@) | 6 =E@X) -4’
= E(X) =0 +u° Ml
ST = 2 0'2
Var(@) =E(X?) - =— MIMI
772 0'2 2
=EX )=—+u" 3 AG
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1
, | 4 2 | 2
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L1 J
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e
= E| =0" Al 3
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(b) | E() =—(X; +.1,)
r=t(x?+x2)-2(x, + x,) B L _x )
LTl At It M1 or 'E( 1 =)
| 2 ! -2 1 2
= {x -5+ 1) =JE(0) ~E(,5) + 3,
1 2 . -2
=5 (4 -X) Al =E(X)-{E(x)}
72 (x,-X,)° .
v =—xg Ml =c+u’ -y’
n—1 1 4
1 2 2 .
_j(X1 -X) Al 4 =g~ = unbiased
Total 10
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